10. SITE 543: OCEANIC REFERENCE SITE EAST OF THE BARBADOS RIDGE COMPLEX!

Shipboard Scientific Party?:3

HOLE 543

Date occupied: 28 February 1981

Date departed: 3 March 1981

Time on hole: 3 days, 14 hr.

Position: 15°42.74'; 58°39.22'

Water depth (sea level; corrected m, echo-sounding): 5633
Water depth (rig floor; corrected m, echo-sounding): 5643
Bottom felt (m, drill pipe): 5637.0

Penetration (m): 332

Number of cores: 34

Total length of core section (m): 324.0

Total core recovered (m): 228.4

Core recovery (%): 79.5

Oldest sediment cored:
Depth sub-bottom (m): 332
Nature: Claystone
Age: early Eocene
Measured velocity (km/s): 2.453 (543-34,CC—hard claystone)

Basement: Not reached

HOLE 543A

Date occupied: 3 March 1981

Date departed: 9 March 1981

Time on hole: 6 days, 1 hr.

Position: 15°42.74'; 58°39.22'

Water depth (sea level; corrected m, echo-sounding): 5633.0
‘Water depth (rig floor; corrected m, echo-sounding): 5643.0
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Bottom felt (m, drill pipe): 5637.0
Penetration (m): 455.0

Number of cores: 16

Total length of core section (m): 142.5
Total core recovered (m): 69.4

Core recovery (%): 48.7

Oldest sediment cored:
Depth sub-bottom (m): 409
Nature: Ferruginous, calcareous claystone
Age: Campanian-Maestrichtian
Measured velocity (km/s): 1.671 (543A-10-1, 28-32 cm)

Basement:
Depth sub-bottom (m): 411.0 (top); 455 (bottom of hole)
Nature: Basalt
Velocity range (km/s): 4.910 to 5.621

Principal results: At Site 543 we penetrated a 411-m sequence of hemi-
pelagic and pelagic sediments and 44 m of basaltic pillow lavas.
The Recent sediments consist of ashy mud to a depth of 10 m. The
subjacent sediments to 70.5 m are Pleistocene to upper Pliocene
ashy nannofossil mud, transitional to a unit of lower Pliocene to
lower Miocene mud and ashy mud that extends to 176 m sub-bot-
tom. Radiolarian clay, initially with local ash layers, and subse-
quently with manganese stains, occurs from 176 to 322 m sub-bottom
spanning the lower Miocene to Oligocene, respectively. Zeolitic
clay-claystone is present from 322 to 379 m sub-bottom and over-
lies a basal calcareous, ferruginous, Maestrichtian to Campanian
claystone that contacts basalt at 411 m. Plagioclase and plagio-
clase-olivine phyric pillow basalts extend to a total sub-bottom
depth of 455 m.

Overall, the lithology at Site 543 records the birth and evolu-
tion of an open-ocean crustal sequence with its progressive ap-
proach to the Lesser Antilles volcanic arc. The upper 200 m of ear-
ly Miocene and younger rocks are lithologically and paleontologi-
cally identical to the sequences cored at Sites 541 and 542, arguing
for the oceanic derivation and hence offscraping of the latter at the
deformation front of the Barbados Ridge complex. A marked in-
crease in density and shear strength between about 180 and 200 m
sub-bottom lies just under the seaward extension of a reflector sep-
arating the apparently offscraped and subducted units to the west.
The observed changes in physical properties seemingly predict de-
velopment of a décollement at 180 to 200 m sub-bottom as inferred
from seismic data.

A downhole seismometer with temperature and tilt recorders
was emplaced in the basaltic basement at Site 543. The instrument
remained in the hole while a seismic refraction experiment was
conducted. Malfunctioning of the seismometer necessitated re-
trieval of the downhole instrument and prevented deployment of
the long-term recording package on the seafloor.

BACKGROUND AND OBJECTIVES

Site 543 lies on seismic line A1C about 22 km north-
northeast of Sites 541 and 542 and 3.5 km seaward of
the deformation front of the Barbados Ridge complex
(Fig. 1-3). The substantial northward offset of Site 543
relative to Sites 541 and 542 was required in order to
minimize the sediment penetration and therefore ensure
reaching the ocean crust. Site 543 is on the northern
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Figure 1. Regional location map. (Note position of deformation front defining eastward boundary of Bar-
bados Ridge and Tiburon Rise underthrusting deformation front near Site 543. Contour intervals are

in kilometers.)

flank of the Tiburon Rise and therefore penetrated a
depositional sequence similar to that lying on the ocean
plate seaward of Sites 541 and 542. Moreover, the prin-
cipal acoustic reflectors noted at Sites 541 and 542 can
be traced to Site 543 via the site survey seismic grid.
Thus the demonstrable continuity in acoustic stratigra-
phy throughout the Leg 78A area permits Site 543 to be
used as an oceanic reference site for Sites 541 and 542,
despite their lateral offsets.

Both the Tiburon and Barracuda rises constitute promi-
nent highs emerging from the Atlantic abyssal plain and
presently intersecting the deformation front of the Bar-
bados Ridge complex (Fig. 1). The sediment thickness
near Site 543 is about 400 to 500 m and locally reaches
at least 1100 m on the ocean plate in the Leg 78A area
(Ngokwey et al., this volume). To the south on the At-
lantic abyssal plain, sediments gradually attain a thick-
ness of more than 4 km, suggesting derivation and lat-
eral transport from the south (Biju-Duval et al., 1978;
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Mascle et al., in press). The damming effects of the Ti-
buron and Barracuda rises also contribute to the north-
ward thinning of sediment on the Atlantic abyssal plain.

The principal goal of Site 543 was definition of an
oceanic reference section that would allow multiple com-
parisons to the sequences cored landward of the defor-
mation front at Sites 541 and 542. Specific objectives of
drilling at Site 543 were: (1) to test by lithologic and pa-
leontologic criteria whether the sections cored at Sites
541 and 542 are of ocean-plate origin and thereby off-
scraped from the Tiburon Rise area; (2) to provide a phys-
ical-property profile through the undisturbed ocean-
plate section and thereby a basis for measuring the tec-
tonic consolidation of any offscraped rocks of similar li-
thology; (3) to date and establish physical and lithologic
contrasts across the seaward projection of the reflector
separating the apparently off-scraped and underthrust
sequences landward of the deformation front (here we
hoped to determine the physical basis for their apparent
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Figure 2. Detailed site location map (box, Fig. 1). (Note position of deformation front and lo-
cation of seismic reflection lines used for site survey. Bathymetry is in meters. Lines A1A to
A1D from IFP/CNEXO survey [from Ngokwey et al., this volume].)
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Figure 3. Seismic reflection line A1C. (From Ngokwey et al.
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, this volume.) Reflector 1 is equivalent to the boundary between a

discontinuously reflective (deformed) unit and an acoustically layered unit at Sites 541 and 542. Reflector 2 separates seismic
units of tabular (above) and irregular (below) thicknesses. Reflector 3 is top of oceanic crust.

décollement surface); (4) to sample the section under-
thrust deeply beneath the Barbados Ridge complex (be-
cause we failed to penetrate this underthrust sequence at
either Site 541 or Site 542, sampling it at Site 543 was
crucial); and (5) to date the ocean crust and emplace a
downhole seismometer in the basement.

OPERATIONS

Hole 543

Site 543 is located about 12 mi. north-northeast of
Site 542 and seaward of the toe of the trench slope. Its
primary purpose was to provide an undisturbed refer-
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ence section for comparison with the disturbed and ac-
creted sediments cored on the slope. The inability to
penetrate to basement at Sites 541 and 542 dictated that
Site 543 would also be the location for the downhole
seismometer implantation.

The move and site approach consumed only 2 hr.,
and a positioning beacon was launched at 0450 hr., 28
February. The seismic gear was retrieved and on-site sta-
tioning began while the beacon was still falling. The bea-
con signal, which had never been strong, faded com-
pletely after 1 hr., and a second beacon (of alternate fre-
quency) was dropped to replace it.

The pipe trip was extended by about 4.25 hr. to as-
semble a new bottom-hole assembly (BHA) to replace
the one lost in Hole 542B. Several satellite navigation
fixes were received during the trip, and a positioning
offset of 910 m to the south was made to move the ves-
sel onto seismic profile.

Using the corrected precision depth recorder (PDR)
reading of 5653 m as a guide, an initial seafloor punch
core was taken by lowering the bit to 5655.5 m. Signs of
“taking weight” were first noted on the rig weight indi-
cator at about 5649 m. On recovery the inner core barrel
was filled to its top, which had penetrated to 5646 m.
Water depth was therefore estimated at 5645 m. Contin-
uous coring then continued to 324 m sub-bottom with-
out significant difficulty. Coring and recovery data are
given in Table 1.

As Core 34 was being recovered, the inner barrel sud-
denly became jammed in the drill pipe about 1500 m
above the bit. The overshot shear pin failed during at-
tempts to free the inner barrel and the sand line was re-
trieved. A second inner barrel was pumped down to jar
the first barrel loose, but without success. A second wire-
line recovery attempt also failed to move the stuck core
barrel. It was then necessary to pull about 4200 m of
drill pipe to recover the core. The barrel was found to be
jammed in place by a steel ball that had fallen down the
pipe from the latch of the adjustable line wiper.

Hole 543A

With the drill string cleared of obstructions, it was
tripped back to the seafloor. A second attempt to recov-
er a “mud-line” punch core and to verify water depth
was then made by lowering the bit to 5647 m. On recov-
ery, sediment was again found packed to the top of the
barrel, and water depth was revised to 5637 m. Again,
coring and recovery data are presented in Table 1.

The hole was drilled, without coring, to 332 meters
sub-bottom. Considerable hole problems occurred be-
low about 260 m. Torquing and vertical sticking of the
pipe, along with annular plugging, nearly forced us to
abandon the hole at one point. The problems were at-
tributed to adherence of sticky clay to the drill collars.
Fortunately firmer sediments were reached near the end
of the drilled interval and an improvement in hole con-
ditions was noted after “working” the pipe and circulat-
ing mud slugs. The “wash” core barrel was recovered,
and continuous coring commenced. Core recovery for
the lower sediment section was consistently below nor-
mal for unknown reasons. Basaltic basement was reached
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Table 1. Coring summary, Site 543,

Depth from  Depth below
drill floor seafloor

Length  Length  Amount
Core  Date (m) (m) cored  recovered recovered
no. (1981) Time top bottom top bottom (m) (m) (%)
Hole 543
1 Feb. 28 2150 5635.0-5645.5 0-10.5 10.5 9.12 90
2 Feb. 28 2342  5645.5-5655.0 10.5-20.0 9.5 7.86 83
3 Mar. 1 0148  5655.0-5664.5 20.0-29.5 9.5 9.73 102
4 Mar. 1 0334 5664.5-5674.0 29.5-39.0 9.5 9.71 1oz
5 Mar, 1 0524 5674.0-5683.5 39.0-48.5 9.5 6.51 69
6 Mar. 1 0706 5683.5-5693.0 48.5-58.0 9.5 9.49 100
7 Mar. 1 0850 5693.0-5702.5 58.0-67.5 9.5 5.20 55
8 Mar. 1 1041  5702.5-5712.0 67.5-77.0 9.5 7.43 78
9 Mar. 1 1225 5712.0-5721.5 77.0-86.5 9.5 9.60 101
10 Mar. 1 1410  5721.5-5731.0 86.5-96.0 9.5 6.62 70
1 Mar. 1 1600  5731.0-5740.5 96.0-105.5 9.5 4.47 47
12 Mar. 1 1741 5740.5-5750.0 105.5-115.0 9.5 9.78 103
13 Mar. | 1925 5750.0-5759.5  115.0-124.5 9.5 9.72 102
14 Mar. 1 2120 5759.5-5769.0 124.5-134.0 9.5 B.12 85
15 Mar. | 2307 5769.0-5778.5  134.0-143.5 9.5 3.59 39
16 Mar.2 0109 5778.5-578B.0  143.5-153.0 9.5 6.83 61
17 Mar. 2 0258 5788.5-5797.5 153.0-162.5 9.5 6.81 72
18 Mar. 2 (448 5797.5-5807.0 162.5-172.0 9.5 9.03 95
19 Mar. 2 0630 5807.0-5816.5 172.0-181.5 9.5 8.54 90
20 Mar.2 0816 5B816.5-5826.0 181.5-191.0 9.5 5.98 63
21 Mar. 2 1010  5826.0-5835.5  191.0-200.5 9.5 0.0 0
22 Mar.2 1155 5835.5-5845.0  200.5-210.0 9.5 T o
23 Mar. 2 1350 5845.0-5854.5  210.0-219.5 9.5 1.61 k]
24 Mar. 2 1610 5854.5-5864.0 219.5-229.0 9.5 6.74 |
25 Mar. 2 1815 5864.0-5873.5 229.0-238.5 9.5 5 37
26 Mar. 2 2030 5873.5-5883.0 238.5-248.0 9.5 9.02 95
27 Mar. 2 2325 5883.0-5892.5 248.0-257.5 9.5 B.87 93
28 Mar. 3 0150 5892.5-5902.0 257.5-267.0 9.5 7.91 B3
29 Mar. 3 0340 5902.0-5911.5 267.0-276.5 9.5 9.82 103
30 Mar. 3 0530 5911.5-5921.0 276.5-286.0 9.5 B.96 94
k)| Mar. 3 0715 5921.0-5930.5 286.0-295.5 9.5 1.88 20
32 Mar. 3 0945 5930.5-5940.0 295.5-305.0 9.5 112 73
33 Mar. 3 1230 5940.0-5949.0 305.0-314.5 9.5 4.02 a4
34 Mar. 3 2358  5949.5-5959.0 314.5-324.0 9.5 2.80 29
Total 324.0 228.4 79.5
Hole
543A
1 Mar. 4 0827 5627.0-5637.0 0-10.0 10.0 7.87 bl
H12 Mar 4 1808  5637.0-5959.0 10.0-332.0  Washed 5.21 -
2 Mar. 4 2050 5659.0-5968.5 332.0-341.5 9.5 2.44 26
3 Mar. 4 2245 5968.5-5978.0 341.5-351.0 9.5 2.92 3
4 Mar. 5 0150 5978.0-5987.5 351.0-360.5 9.5 198 42
5 Mar. 5 0307 $5987.5-5997.0 360.5-370.0 9.5 4.21 44
6 Mar. § 0510 5997.0-6006.5 370.0-379.5 9.5 1.25 13
7 Mar. 5 0745 6006.5-6016.0 379.5-389.0 9.5 4.91 52
B Mar. 5 1045  6016.0-6025.5 389.0-398.5 9.5 111 12
9 Mar. § 1315 6025.5-6035.0 398.5-408.0 9.5 0.97 1
10 Mar. § 1805  6035.0-6044.5 408.0-417.5 9.5 12 12
1 Mar. § 2105 6044.5-6047.0 417.5-420.0 2.5 27 91
12 Mar. 6 0145 6047.0-6054.0 420.0-427.0 7.0 4.17 60
13 Mar. 6 0710 6054.0-6063.0 427.0-436.0 9.0 8.53 95
14 Mar. 6 1011 6063.0-6065.0 436.0-438.0 2.0 0.85 43
15 Mar. 6 1724  6065.0-6072.0 438.0-445.0 7.0 6.61 94
16 Mar. 7 0102 6072.0-6082.0 445.0-455.0 10.0 9.0 90
Total 142.5 69.4 48.7

2 Core 543A-H1 is a wash core that recovered material from 10 to 332 m sub-bottom with the
core barrel in place; percent recovery data are not given for this core.

at 411 m sub-bottom. Good hole conditions and 81%
core recovery prevailed in the basement rocks, with pen-
etration at a slow 2 m/hr. Coring operations were termi-
nated at 455 m sub-bottom due to time and scheduling
considerations.

The core bit and associated components were released
by activating the mechanical bit release with a wire-line
shifting tool. The open-ended drill string was then pulled
to 280 m sub-bottom for logging. Because of the soft
nature of the sediment, the pipe was left fairly deep in
the hole to avoid the bridging and plugging tendencies
of soft clay that have often frustrated logging attempts.

The temperature-density-gamma ray sonde was rigged
and run down the pipe to 5600 m, the starting point for
the temperature log. When only about 20 m of tempera-
ture log had been recorded—and before seafloor depth
had been reached—a downhole electrical problem devel-



oped that caused the loss of temperature logging capa-
bility. The equipment was switched to the density-cali-
per-gamma ray mode, but the problems remained. The
logging tool was recovered and the trouble was traced to
seawater in the DSDP-furnished sinker bar. A backup
sinker bar was installed and a second attempt was made.
An open-hole bridge was encountered just 2 m below
the end of the pipe. The sonde was worked through this
and two other obstructions as temperature was logged
to 375 m sub-bottom. A more substantial bridge at this
point could not be penetrated after several attempts. A
static temperature measurement was then recorded and
the logging mode was switched to the density mode to
log up to the pipe. It was then found that the density log
detectors had apparently been damaged by the rough
treatment the tool had received in getting through ob-
structions. The logging sonde became stuck upon reen-
tering the drill string and could be moved neither up nor
down. During attempts to dislodge it, the tool suddenly
came free while under considerable pull. It was subse-
quently found that the caliper backup arm had been
broken off and left in the hole. The caliper and gamma
ray curves were good, however, and verified that the
borehole was badly eroded, with an average diameter of
13 to 14 in. Density or sonic logs would therefore have
been of little value in the sediment section. Because in-
sufficient operating time remained to clean the hole and
log the basement interval, the logging cable was then
reheaded for the attachment of the Hawaii Institute
of Geophysics (HIG) ocean sub-bottom seismometer
(OSS) package.

While the reheading and final instrument package tests
were in progress, the power sub was picked up and the
hole was cleaned to 4 m above total depth. To avoid
plugging the end of the pipe, high pump rates were used
to clean the hole, and downward progress was stopped
at the first sign of contact on the weight indicator. Two
joints of drill pipe were then set back, leaving just 22 m
of open hole.

At just past midnight on 8 March, the seismometer
was started down the pipe. Unfortunately, the instru-
ment met an obstruction at the end of the drill string
and would not pass into open hole. It was concluded
that, despite precautions, the end of the bit release top
connector had become plugged with sediment and/or
drill cuttings and that pump circulation was through the
“windows” in the side of the top connector. After a few
minutes of unsuccessful effort to get the instrument out
of the pipe, it was recovered for an attempt to unplug
the pipe. A specially weighted junk inner core barrel sec-
tion was assembled and pumped down the pipe at maxi-
mum pump rate. Pump pressure was abnormally high
and no change in pressure was noted after an adequate
interval of pumping. With a great deal of anxiety, we
again lowered the seismometer package through the pipe
on the logging cable. At 0905 hr., the instrument passed
out of the pipe. It was then successfully emplaced in the
open basalt hole and a series of tests were run.

With the seismometer finally in place, the logging ca-
ble was clamped off at the top of the drill pipe and cut.
A special cable slip-pulling neck assembly was attached
to the end of the in-hole portion of the cable. This was
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latched up to an overshot-swivel assembly on the sand
line, the weight of the cable was taken by the sand line,
and the clamp was removed. The logging sheaves were
then rigged down, and the slow process of stripping the
pipe out of the hole begun. The pipe trip proceeded
smoothly, however, and over 6 km of pipe were pulled
past the cable in 16 hr.

The cable in the hole was then respliced to the re-
mainder on the winch by means of a “torpedo” connec-
tion. Following tests of the downhole instrument pack-
age, the cable on the winch was slowly payed out while
the ship was offset a total of 3.6 km from the hole. As
this exceeded the maximum offset capability of the posi-
tioning system, it was necessary to drop a new acoustic
beacon for station-keeping at the new location.

The accompanying vessel, North Star, had emplaced
an array of five ocean bottom seismometers (OBS) sev-
eral miles across and centered on Site 543. Test charges
were then fired to test the response of the OSS and com-
munications between the two vessels in preparation for -
refraction profiling. At this point, the downhole seis-
mometer data were found to be garbled and not usable.
The data from one shooting line was taped in the hope
that some data could be retrieved.

The Challenger was then slowly moved back to the
drill site as the logging cable was retrieved. The OSS was
pulled from the hole without undue difficulty, despite
the inability to retract the caliper arm. The instrument
was on deck at 1945 hr., 9 March, and the vessel got un-
derway at 2006 hr.

Site 543 to San Juan

The Challenger steamed about 20 mi. north to ren-
dezvous with the North Star, which was engaged in re-
fraction shooting for the OBS array. Following transfer
of personnel back to the North Star, the profiling gear
was streamed and the Challenger began postsite profil-
ing that passed over Site 543. At 0056 hr., 10 March, the
survey was completed and course was set for the return
to San Juan.

SEDIMENT LITHOLOGY

Lithostratigraphy

Site 543, the oceanic reference site, was drilled in 5627
m water depth, 3.5 km east of the toe of the accretion-
ary prism. Two holes were drilled at Site 543: Hole 543
was continuously cored for 324 m before a core barrel
jammed in the drill pipe and the hole had to be aban-
doned. Hole 543A was cored continuously below 332 m
and penetrated 44 m of basaltic basement. The first sed-
iment continuously cored at Hole 543A (Core 2) is just
beneath the deepest sediment cored at Hole 543 (Core
34). The sediment recovery from Holes 543 and 543A
was sufficient to permit good lithostratigraphic defini-
tion of the oceanic reference site sediments.

Based on macroscopic core descriptions, smear slide
analyses, and calcium carbonate bomb data, the sequence
of sediments and rock units drilled at Site 543 can be di-
vided into seven lithologic units (Fig. 4). A summary of
these units is shown in Table 2. Downhole percentages
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Figure 4. Summary lithology, sediment composition, structure, physical properties, and seismic stratigraphy, Site
543, (In X-Ray Mineralogy column blackened areas simply show presence.)
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Table 2. Lithologic units, Site 543,

Hole 543 Hole 5434

Sample Sub-bottom Sample Sub-bottom
Unit, (core-section, depth (core-section, depth
subunit cm level) (m) cm level) {m) Dominant lithology Age
1 — - 1 0-8 Ashy mud Quaternary
2 I to 7-2, 100 B-68.5 — —_ Ashy nannofossil mud early Pleistocene-late Pliocene
and vitric mud with
ash layers
3 7-2, 100 1o 18-3,  68.5-174.0 — — Mud and vitric mud early Pliocene-early Miocene(?)
50 with ash layers
4 18-3, 50 to 26-5, 174.0-253.0 - - Radiolarian clay with early Miocene-Oligocene
100 ashy layers
Sa 26-5, 100 to 32 253.0-313.0 —_ —_ Mn-stained radiolarian  Olig middle late Eocene
clay
5b 331034 313.0-322.0 2to3d 322.0-351.0 Zeolitic clay-claystone Eocene
and clay-claystone
S5¢ - — 406 351.0-379.5 Claystone Eocene
6 — - 7 to 10-2, 100 379.5-411.0 Cal ferrugi Cr (early M. ian-
claystone early Campanian)
T == b 10-2, 100 10 16 411.0-455.0  Pillow basalts Cretaceous

Note: — indicates no data.

of calcium carbonate at Site 543 were determined with
the shipboard carbonate bomb (Fig. 4),

Lithologic Unit 1 is an 8-m-thick, Quaternary ashy
mud drilled in the mud-line core (Core 1) of Hole 543A
that overlies and is younger than the first sediment drilled
at Hole 543. It is primarily brown (10YR 5/3) with dark
grayish brown (10YR 4/2) to light brownish gray (10R
6/2) ashy layers and patches, vague streaking, and slight
color variations throughout. The entire unit has been in-
tensely deformed and swirled by drilling.

Lithologic Unit 2 is a 60-m-thick, lower Pleistocene
to upper Pliocene, brown (10YR 5/3) ashy nannofossil
mud with interbedded grayish brown (10YR 5/2) vitric
muds and gray to dark gray (5Y 5/1-5Y 3/1) ash layers.
The color of this unit gradually changes downhole to ol-
ive gray (5Y 5/2) and gray (5Y 5/1-5Y 6/1). It has been
moderately to intensely deformed by drilling through-
out.

Lithologic Unit 3 is a 105-m-thick, lower Pliocene to
lower Miocene, mottled and bioturbated mud and vitric
mud with ash layers. It is differentiated from the overly-
ing unit by an absence of calcareous components, indi-
cating deposition below the CCD. The clay is primarily
olive gray (5Y 5/2) with some brown (10YR 5/3) to
grayish brown (10YR 5/2) layers in the top 35 m, gradu-
ally changing to greenish gray (5GY 5/2) below Core 12.
The ash layers and patches range from medium dark
gray (N4) to very dark gray (10YR 3/1) to brownish black
(5YR 2/1) to black and often have distinctive greenish
gray (5G 6/1) alteration halos around them. The unit
has been intensely deformed by drilling that has greatly
disturbed original bedding and burrows.

Lithologic Unit 4 is a 79-m-thick, bioturbated, lower
Miocene to Oligocene radiolarian clay with ashy patches
and ash layers. It is differentiated from the overlying
unit by the presence of more than 10% radiolarians. The
greenish gray (5GY 5/1) with olive (5Y 5/3) and olive
gray (5Y 5/2) mottles in the upper 10 m, gradually
changing to primarily olive gray (5Y 5/2-5Y 6/2) and ol-
ive (5Y 5/3), with greenish gray (5GY 5/1) layers below
Core 19, Section 2. The ash beds vary from 1 to 10 cm
thick, range from dark gray to grayish brown (10YR 4/
1-10YR 4/2) to black (N2.5), and are frequently associ-
ated with pale blue green (5BG 7/2) to greenish gray (5G
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6/1) alteration halos. Bioturbation is faint except near
the upper contacts of the ash layers. Though the unit
has been moderately deformed by drilling, horizontal
layering is observed in Core 25. A white 5-mm-thick lay-
er of rhodochrosite is found in Core 24, Section 4.

Lithologic Unit 5 is a 124-m-thick, Oligocene to
lower Eocene pelagic unit that is divisible into three sub-
units (5a, 5b, and 5c) on the basis of macroscopic core
descriptions, smear slide analyses, and shipboard XRD
results (see the section on X-Ray Diffraction, this chap-
ter).

Subunit 5a is a 60-m-thick Oligocene(?) to middle up-
per Eocene, burrowed and mottled, manganese-stained
radiolarian clay. It is differentiated from the overlying
unit by the presence of abundant manganese-oxide stains.
The clay is light yellowish brown (10YR 6/4) to very pale
brown (10YR 6/3-10YR 7/3) and contains abundant
gray (10YR 6/1) to dark grayish brown (10YR 4/2) to
black (20YR 2.5/1) manganese-oxide stains. Distinctive
parallel laminations are observed in Core 32, Section 1.

Subunit 5b is a 38-m-thick, Eocene interbedded zeolitic
clay-claystone and clay-claystone unit. It is differenti-
ated from the overlying subunit by a scarcity (less than
10%) or absence of radiolarians, rather than by the
presence of zeolites in the sediment (zeolites first appear
in XRD analyses of the sediments in the radiolarian clay
of Core 30, Hole 543; see the X-Ray Diffraction section,
this chapter). The zeolitic clays or claystones in this unit
are light yellowish brown (10YR 6/4) to pale brown
(10YR 6/3); the interbedded clays or claystones are yel-
lowish red (5YR 4/6-5YR 6/6). Rare blebs and approxi-
mately 1-cm-thick layers of greenish gray (5GY 6/1-5GY
7/1) altered ash are found throughout the unit. Dark
gray (N4) to very dark grayish brown manganese-oxide
stains occur in Core 3, Hole 543A. The entire unit has
been intensely deformed by drilling, consisting of pan-
cake-shaped coherent lumps (“biscuits”) separated by
thin shear zones (“rotational shear zones”), which are
an artifact of drilling and are spaced every 2 to 5 cm
down the core. Laminations and burrows are found in
the firm, coherent “biscuits.”

Subunit 5c¢ is a 28-m-thick, Eocene, predominantly
reddish brown (2.5YR 4/4-2.5YR 4/5) burrowed clay-
stone. It is differentiated from the overlying subunit by



an absence of zeolites (see the section on X-Ray Diffrac-
tion). The upper portion of the subunit (Core 4, Hole
543A) contains some yellowish brown (10YR 5/4) to
brown (7.5YR 5/4) layers and has some dark grayish
brown (10YR 4/2) to very dark grayish brown (10YR
3/2) manganese-oxide stains. It has been very deformed
by drilling, consisting of coherent “biscuits” embedded
in a highly brecciated, sheared, and slickensided matrix
of the same material.

Lithologic Unit 6 is a 31.5-m-thick, lower Maestrich-
tian to lower Campanian, horizontally laminated, biotur-
bated, calcareous ferruginous claystone deposited on top
of Cretaceous basement (see Hemleben and Troester,
this volume). It is differentiated from the overlying sedi-
ment by the presence of calcareous and ferruginous
components. The unit is variegated dark brown (7.5YR
3/2) to reddish brown (5YR 4/3-5YR 4/4) and contains
yellowish red (SYR 5/4) nannofossil-rich layers. Cores
7, 8, and 9 (Hole 543A) contain authigenic dolomite.

Lithologic Unit 7 consists of Cretaceous basement pil-
low basalts (see the section on Basalts, this chapter).

All of the sediments cored at Site 543 were deposited
below the lysocline (see the section on Paleoenvironments,
this chapter). The vast majority of sediments accumu-
lated by pelagic-hemipelgic settling in quiet, deep water
on top of Cretaceous basement (Lithologic Unit 7). Evi-
dence for deposition of some material by gravity flows
was found in a 4-cm-thick, foraminifer-rich layer in
Core 3, Section 5, Hole 543. Ash beds found in Litho-
logic Units 1 to 4 do not appear to have been redeposit-
ed as turbidites, but probably settled to the seafloor fol-
lowing volcanic eruptions on the Lesser Antilles island
arc. The relatively great amounts of ash particles in
Lithologic Units 1 to 4 indicate a substantial input of
volcanic material from the Lesser Antilles island arc as
the Atlantic crust moved toward the arc.

Bioturbation

Bioturbation is prevalent in the Site 543 cores, but
there are fewer recognizable forms than at either Sites
541 or 542. The uppermost 70 m of sediment are too
badly swirled by drilling to detect any original sedimen-
tary features. Slight burrow mottling first appears in Core
8 (543) and becomes a little more pronounced in Core
12. Core 18 contains burrowed ash beds and all further
cores down to 29 are burrow mottled, but without rec-
ognizable ichnogenera. Core 30 is mottled at the top
and base only. Core 31 contains rather large “mottles” 1
to 3 cm across instead of the normal burrows less than
1 cm in diameter. Some of these may be diagenetic nod-
ules rather than burrows. Core 32 contains sporadic
burrows of Planolites type. The lowest two, Cores 33
and 34 at Hole 543, contain drilling biscuits in a de-
formed matrix. The biscuits preserve lamination and
bioturbation. The sedimentation rate was high enough
that burrowing animals did not have time to rework the
sediment completely.

In Hole 543A, Cores 2 to 4 are not conspicuously
burrowed. Together with the lack of arenaceous benthic
foraminifers, this characteristic may indicate anoxic or
at least oxygen-poor bottom conditions. Cores 5 and 6
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are burrow mottled, and the variegated ferruginous clays
of Cores 7 to 9 exhibit spectacular burrowing (Fig. 5).
Abundant Planolites, a few Zoophycus, tiny Chondrites,
and a pelleted oblique burrow (? Teichichnus) were iden-
tified in Core 7. Core 9 contains laminae of lighter and
darker brown sediment, and the tops and bases of the
laminae are burrowed on a minute scale.

There are two possible reasons for the preservation of
lamination in these basal ferruginous sediments depos-
ited near the ridge crest: (1) the sedimentation rate was
too high to allow complete reworking; (2) the environ-
ment may have been fairly rugged, with the water full
of noxious exhalations and ferruginous manganiferous
brines and vapors (c.f., Galapagos Rift), and not many
animals lived there.

X-Ray Mineralogy

Fifty-six samples were analyzed from this site, using
the same method as described for Site 541. The minerals
identified include quartz, alkali feldspar, plagioclase, cal-
cite, zeolites (clinoptilolite and ?heulandite), cristobal-
ite, palygorskite, kaolinite, illite, smectite and dolomite,
plus traces of apatite and hematite. A thin white vein in
Sample 543-24-4, 92 cm was identified as rhodochrosite.
Results are summarized in Figure 4 and described in
more detail in Pudsey (this volume).

Quartz occurs throughout. Feldspars occur from 0 to
250 m sub-bottom, and in general the peak for alkali
feldspar is higher than that for plagioclase. Calcite is
present in the Pleistocene and Pliocene muds above 75
m sub-bottom, and sporadically in the Eocene and Cre-
taceous below 380 m. Zeolites are present from 250 to
350 m and cristobalite from 280 to 320 m. Palygorskite
occurs from 335 m to the base of the sediments, but its
peak height fluctuates wildly and it is not present in all
samples in this interval. Dolomite occurs only in Cores
543A-7, -8 and -9 (385-410 m), but is an important con-
stituent of Core 9. Of the nonfibrous clay minerals, ka-
olinite is present throughout, but its peak height is rela-
tively low from 100 to 200 m. Illite is an important con-
stituent only from 0 to 100 m and is absent from 135 to
170 m and below 355 m; smectite is most abundant
from 100 to 200 meters, and it decreases noticeably in
the lowest 70 m of sediment.

In the manganiferous Lithologic Subunit 5a, black lay-
ers contain much more clay and less quartz than orange
layers. Manganese oxides are presumably amorphous,
because they do not give a peak on the diffractograms.

Volcanic Ash

Core disturbance was extreme throughout most of the
upper 150 m of the sediment section (Cores 543-1 to
-13, and 543A-1, covering part of the upper Miocene,
the Pliocene, and the Quaternary), which made ash
beds difficult to identify and sample. Fortunately, the
corresponding interval was much less disturbed at Site
541.

Despite the disturbance, ashy intervals were promi-
nent in many of the upper 14 cores of Hole 543. These
are sufficiently disturbed that they have been somewhat
mixed with mud, hence they are described as ashy mud,
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Figure 5. Bioturbated ferruginous clay, Samp]e'543A—?—3. 0-34 cm.
(Planolites burrows are filled with lighter material than the sur-
rounding mud.)
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for the most part, on the core barrel sheets. In a few in-
tervals, there are relatively undisturbed major ash beds
up to 5 cm thick that must correlate with those found at
Sites 541 and 542, although the disturbance may make
precise correlation nearly impossible.

The principal addition to the ash record that Hole
543 provides is documentation of a significant pulse of
explosive volcanism on the Lesser Antilles arc in the ear-
ly and early middle Miocene (Cores 17-20). Below these
cores, there are only scattered and very minor ash occur-
rences, mostly completely altered to clays. There is one
ash deposit in the Oligocene (Core 27). There are none
in the middle and upper Eocene. The lower Eocene has
10 thin wisps of altered ash beds that may correspond to
the oldest volcanism known from highly altered and re-
stricted outcroppings in the limestone Caribbees. Site 543
was quite a bit further from the arc in the early Eocene
than it is now, hence no comparison of the volume of
explosive volcanism between the Eocene and modern
Lesser Antilles arc is possible with these cores.

The Lesser Antilles arc thus has had three periods of
major explosive volcanic activity, corresponding to the
early Miocene, early Pliocene, and Quaternary ash beds
recovered by drilling at Sites 541, 542, and 543, as well
as in surface piston cores. This finding is a significant
improvement in resolution of ash chronology compared
with the sketchy data available from the islands. These
topics are discussed further by Natland (this volume).

STRUCTURAL GEOLOGY AND DRILLING
DEFORMATION

Most, if not all, of the small-scale structures we ob-
served in cores from Site 543 can be interpreted as drill-
ing-induced. However, there is an apparent correlation
between material response and sediment composition that
may be a clue to how this stratigraphic section would be-
have if it were deformed in situ.

Numerous horizontal layers were observed in Cores
543-1 through -31 and in Cores 543A-2 and -3. The base
of an ash layer in Section 543A-4-1 at 62 cm dips 5°.
Burrow-mottled layering in Sample 543A-7-2, 80-130 cm
dips up to 30° in biscuits but varies in magnitude and
sense from biscuit to biscuit, partly due to rotation
along horizontal drilling fractures. However, some of
the dip is probably primary and may reflect deposition
on irregular basement topography or faulting near the
ridge crest in newly formed basement.

Cores 543-1 to -13 display swirling patterns that are
typically produced by drilling in the shallowest, least
consolidated sediments. In parts of Cores 543-14 and
-16 we noticed firm, coherent chunks of mud separated
by softer, more highly deformed mud. Most of Cores
543-17 to -19 and Sections 1 and 2 of Core 543-20 con-
sist of these firm chunks and soft “matrix.” Some co-
herent chunks, when broken open, showed slickensided,
polished curviplanar surfaces spaced <1 cm apart. Soft
portions between chunks have polished surfaces spaced
> 1 cm, and locally they have been churned into a hash
of small irregular chips averaging a few millimeters in
length. The overall alternation of coherent pieces and
softer matrix is reminiscent of sections in which ordi-



nary drilling biscuits are separated by rotational disc frac-
tures induced by drilling. Randomly oriented, polished
surfaces spaced between about 1 mm and 1 cm were also
noted in some cores from Sites 541 and 542 (see Sites
541 and 542 reports, this volume), but they occur in
firm, sticky mud and clearly predate drilling disc frac-
tures. In Core 543-23 we again noted swirling.

Sediments in Core 543-26 through part of Core 543-
32 are manganese-stained pelagic clays that are locally
rich in radiolarians. A dip-slip fault dipping 40°, with
steps on the polished surface suggesting normal fault-
ing, occurs in Section 5 of Core 29. The first develop-
ment of well-defined disc fractures and biscuits roughly
coincides with the lithologic change from clay to pelagic
clay in Core 26. In Hole 543A, Cores 2 through 7 con-
tain pelagic clays devoid of radiolarians. These sediments
occur in variably sized, firm, relatively undeformed
chunks and lumps, separated and locally surrounded by
coherent, highly deformed mud. Some chunks contain
polished surfaces spaced >1 cm, but many bear no
signs of internal deformation. The deformed zones be-
tween these biscuits range from 2 mm to at least 20 cm
in thickness. As freshly cut surfaces of cores dry out, ti-
ny hairline cracks form and reflect an internal fabric de-
fined by subparallel polished surfaces spaced about 1
mm apart. This crude scaly foliation is easily visible
when samples of deformed mud are broken apart. In
thin, well-defined zones between biscuits, the mini-
cracks (and foliation) are horizontal, but in thicker
zones they have variable orientations. Some deformed
zones also display wispy and contorted patches of mud
that are colored differently from their more voluminous
host. Compared with the scaly clays occurring in the
bottom few cores at Site 541, the foliation in the de-
formed zones in Cores 2 through 7 of Hole 543A is less
penetrative and less strongly oriented. In addition, these
zones in Hole 543A are still sticky and coherent, rather
than flaky.

The change from well-defined biscuits separated by
thin disc fractures to chunks separated by wider zones
of deformed mud coincides approximately with the transi-
tions above and below the radiolarian pelagic clay to pe-
lagic clays at Site 543. This coincidence suggests that de-
formational response may depend partly on sediment
composition. The deformed zones in Cores 543-14 to 20
and 543A-2 to 7 are probably due to drilling rather than
in situ deformation. In these cores, we can generally see
a complete range in thickness of deformed zones. The
thinnest are clearly rotational shear fractures, separat-
ing well-formed biscuits; thicker zones (<1 cm) are
identical in their fabric and composition. The material
constituting the thickest zones is very similar to de-
formed sediment in drilling laminations. It is possible,
but unlikely that some of this sheared material in the
thickest zones formed in situ. Even if all of the defor-
mation in Cores 543-14 to -20 and Cores 543A-2 to -7
can be ascribed to drilling, it is clear that these clay-rich
parts of the sedimentary section are weaker and more
easily deformed than the radiolarian mudstone, which
we obtained in Cores 543-21 to -32, and are thus more
likely to serve as horizons of natural décollement. No-
tably the upper boundary of the radiolarian mudstone
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coincides approximately with Reflector 1, which appar-
ently represents a décollement surface separating off-
scraped and subducted deposits landward of the defor-
mation front.

PORE FLUID CHEMISTRY

Nine samples were taken for interstitial water geochem-
istry at Site 543, six from Hole 543, and three from Hole
543A. The data are listed, plotted versus depth, and
summarized in Gieskes et al. (this volume). Prominent
features of the data are an initial drop in pH from 0 to
273 m sub-bottom, then an increase below that to just
above basalt, steady decrease of Ca2* with depth, and
an initial decline of Mg2+ to about 150 m, then a slight
increase and leveling off between 250 m to the top of ba-
salts at 408 m. The excess Mg2* may be reflected in the
lowermost sediments by an abundance of palygorskite
and the occurrence of dolomite (Pudsey, this volume).
The causes for these variations are discussed elsewhere
(Gieskes et al., this volume), but migration of fluids
similar to those below 350 m along the shear zone at
Sites 541 and 542 could cause the perturbations in Mg?+
abundances observed at those sites.

ORGANIC GEOCHEMISTRY

Organic carbon content in Site 543 sediments decreases
regularly with depth, as was the case for Sites 541 and
542 sediments. C, to C4 hydrocarbons are just detect-
able at 100 to 400 standard gas volumes per 10° volumes
of sediment. A minor show of nonhydrocarbon gas was
confirmed at a depth of about 245 m in Hole 543. A
similar observation at a depth of about 240 m in Hole
541 was discounted and attributed to core disturbance
and air contamination. Subsequent shore-based analy-
ses of this gas (Claypool, this volume) show nitrogen and
argon contents in excess of atmospheric content. The
origin of this minor nitrogen gas show is unknown at
this time.

BIOSTRATIGRAPHY

A biostratigraphic summary for all microfossil groups
examined on board ship is given in Figure 6. The bio-
stratigraphy described here is based on shipboard inves-
tigations. For more refined discussions of nannofossils
and radiolarians see Bergen (this volume) and Renz (this
volume), respectively.

Nannofossils

Hole 543

Samples from Cores 1 through 8, Section 1 contain
nannofossil assemblages as old as early Pliocene. The
preservation in these samples is noticeably worse than in
samples of equivalent age from Sites 541 and 542.

Cores 1 through 3 are zoned as early Pleistocene Pseu-
doemiliania lacunosa is found in all samples from these
cores in which nannofossils occur. The presence of Cy-
clococcolithina macintyrei in Samples 543-1-1, 60-61
cm to 543-3-2, 62-63 cm place this interval in the Cyclo-
coccolithina macintyrei Zone of Gartner (1977). No Ge-
phyrocapsa are useful in age determinations.
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Figure 6. Summary biostratigraphy and magnetostratigraphy, Site 543. (Polarity normal intervals are black, polarity reversed intervals are white,
and polarity uncertain intervals [or intervals with no data] are diagonally striped.)
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Cores 4 through 7, Section 2 are late Pliocene. Disco-
aster tamalis, D. surculus, and D. pentaradiatus have
their last occurrences in Sample 543-5-2, 100-101 cm.
Therefore, a hiatus exists between that sample and Sam-
ple 543-5-1, 100-101 cm. Samples 543-5-2, 100-101 cm
to 543-7-2, 55-56 cm are placed in the Discoaster tama-
lis Subzone (CN12a). Core 4 through Sample 543-5-1,
100-101 cm are assigned to the Calcidiscus macintyrei
Subzone (CN12d). The Discoaster surculus and Disco-
aster pentaradiatus Subzones (CN12b,c) are not recog-
nized in this hole.

Samples 543-7-3, 55-56 cm through 543-8-1, 65-66 cm
are placed in the Reticulofenestra pseudoumbilica Zone
(CN11), based on the extinctions of Amaurolithus tri-
corniculatus and R. pseudoumbilica. Sphenolithus neo-
abies, whose extinction is used in addition to R. pseudo-
umbilica, is last seen in Sample 543-7-2, 55-56 cm. S.
abies becomes extinct in this same sample.

This hole is barren below Sample 543-8-1, 65-66 cm.

Hole 543A

Nannofossils recovered from Hole 543A are poorly
preserved, but are unusually common when found. Cores
1 through 6 and Core 8 are barren.

Core 7, Section 1 is barren, except for the occurrence
of very rare Micula mura and Ceratolithoides kamptneri
in very poorly preserved assemblages. If not reworked,
this section is from the very top of the Maestrichtian.

Core 7, Section 3 and the lower part of Core 7, Sec-
tion 2 all contain C. aculeus, Arkangeiskiella, and large
Prediscosphaera cretacea. The absence of Broinsonia par-
ca in this interval suggests that it is not Campanian; it is
most likely early Maestrichtian. Core 7, Section 4 is bar-
ren.
Sample 543A-9,CC and the bottom part of Section
543-9-1 are barren. Assemblages containing Quadrum
nitidum, Q. geothicum, C. aculeus, and B. parca con-
stricta are found near the top of Core 9, Section 1. This
interval is assigned to the early late Campanian, based
on the presence of the above species, but also on the ab-
sence of Q. frifidum.

Samples from Core 10, which include the contact with
basement, are dated as early Campanian. This assign-
ment is based on the co-occurrence of B. parca and
Marthasterites furcatus.

Radiolarians

Radiolarians in varying abundances and states of pres-
ervation were recovered from both holes. The most sig-
nificant recovery is a Cenozoic sequence ranging from
lower Eocene to middle Miocene in the first hole.

Hole 543

A sparse Quaternary assemblage of radiolarians show-
ing strong dissolution occurs in Section 543-1,CC.
Cores 2 through 16 are barren. Radiolarians occur again
in Section 543-17-1 and continue through the last core
(34,CC).

At the beginning of this long sequence (Sample 543-
17-1, 10-12 cm) a few fragments are seen. One of these
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is identified as Calocycletta costata, dating the sample
as no younger than the Dorcadospyris alata Zone (Riedel
and Sanfilippo, 1978) of the middle Miocene. Sample
543-17-2, 10-12 cm through 543-18-1, 30-32 cm show
increasing abundances and better states of preservation.
They are placed in the Dorcadospyris alata Zone. The
following species are present: C. costata, Cyrtocapsella
cornuta, D. alata, Stichocorys delmontensis, and S.
wolffii.

In Samples 543-18-2, 31-33 cm through 543-20-1, 70-
72 cm, D. dentata is consistently more abundant than its
descendent, D. alata. This fact, along with the continu-
ing occurrence of Calocycletta costata as well as C. vir-
ginis, Phormostichoartus corona, and Cannartus violina,
places these samples in the Calocycletta costata Zone of
the early Miocene. This correlates well with the begin-
ning radiolarian sequence found at Site 541 (Core 48,
Section 5).

Samples 543-20-2, 70-72 cm through 543-20,CC are
assigned to the Stichocorys wolffii Zone because of the
presence of S. wolffii, C. virginis, Carpocanopsis bramlet-
tei, and Cyrtocapsella cornuta, and the absence of Calo-
cycletta costata. Specimens are very abundant, occur-
ring in highly diverse assemblages of moderate to good
preservation.

There was no recovery from Core 21. What little was
recovered from Core 22 (Section 543-22-1, top—approx-
imately 25 cm?) is assigned to the Stichocorys delmon-
tensis Zone. S. delmontensis, C. virginis, Carpocan-
opsis bramlettei, Calocycletta serrata, Cyrtocapsella
cornuta, C. tetrapera, D. ateuchus, and Eucyrtidium di-
aphanes are present. S. wolffii and Theocyrtis annosa
are notably absent. Specimens are abundant and well
preserved.

Samples 543-23-1, 145-147 cm through 543-24-1, 2-4
cm have common to abundant radiolarians, and the qual-
ity of preservation remains moderately good. This se-
quence is placed in the Lychnocanoma elongata Zone
(straddling the Oligocene/Miocene boundary) because
of the presence of L. elongata, Calocycletta virginis, D.
ateuchus, and T. annosa and the absence of C. serrata,
Cyrtocapsella cornuta, and C. tetrapera. This assign-
ment indicates that the Cyrtocapsella tetrapera Zone
may have occurred in the sediment lost in Core 22.

Samples 543-24-2, 40-42 cm through 543-26-1, 64-66
cm show a rapid decrease in the quality of preservation
and great variability in abundance. The assemblage has
a very low diversity that is dominated by D. ateuchus,
L. elongata and T. annosa are absent. This places the
samples in the Dorcadospyris ateuchus Zone.

The Theocyrtis tuberosa Zone occurs in Sample 543-
26-2, 43-45 cm through 543-27-2, 126-128 cm. The fol-
lowing species are noted: D. ateuchus, Lithocyclia angusta
(C), L. aristotelis (R), T. tuberosa, and Tristylospyris
triceros. Abundance and quality of preservation are in-
creasing.

The Eocene/Oligocene boundary occurs between Sam-
ple 543-27-2, 126-128 cm and 543-27-3, 53-55 cm. Sam-
ples 543-27-3, 53-55 cm through 543-28-3, 73-75 cm are
assigned to the Thyrsocyrtis bromia Zone. L. angusta
drops out above the sequence, whereas L. aristotelis oc-
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curs with greater frequency. Lophocyrtis jacchia and
Lychnocanoma amphitrite appear consistently and in-
crease in abundance. Calocyclas turris and Thyrsocyrtis
bromia occur in Sample 543-27-5, 104-106 cm through
the end of the sequence. Both species are dominant
members of the assemblage. Radiolarians are common
to abundant and moderately well preserved.

No assemblage is assigned to the Podocyrtis goetheana
Zone, although specimens of P. goetheana are frequent-
ly found in Sample 543-28-2, 40-42 cm.

Samples 543-28-4, 110-112 ¢cm through 543-29-2, 72—
74 cm are assigned to the Podocyrtis chalara Zone. P
chalara appears consistently with common or greater abun-
dance. Rhandolithus pipa occurs rarely. P. goetheana is
absent. Specimens are common to abundant and mod-
erately well preserved.

Sample 543-28,CC contains displaced material from
the Thyrsocyrtis bromia zone.

Samples 543-29-3, 6-8 cm through 543-30-1, 10-12
cm are assigned to the Podocyrtis mitra Zone. P. chalara
continuously decreases in abundance until it disappears
in the middle of the sequence, whereas P mitra is ever
present with a fluctuating abundance. P sinuosa is ab-
sent until the very end of the sequence. Specimens range
from common to abundant and are moderately well pre-
served.

Samples 543-30-1, 38-40 cm through 543-30-3, 7-9
cm are assigned to the Podocyrtis ampla Zone. P. si-
nuosa is consistently more abundant than P mitra, which
disappears in the middle of the sequence. P ampla is
present throughout; P phyxis is absent. Radiolarians
are abundant to common and moderately well pre-
served.

Samples 543-30-3, 132-134 cm through 543-30-5, 129-
131 cm are assigned to the Thyrsocyrtis triacantha Zone.
P. phyxis and Eusyringium Fistuligerum are absent,
whereas Theocotyle venezuelensis appears with increas-
ing abundance. Radiolarians are common and moder-
ately well preserved.

Sample 543-30-6, 60-62 cm through Section 543-31,CC
are assigned to the Theocampe mongolfieri Zone due to
the common presence of 7. mongolfieri and to the ab-
sence of E. lagena. Specimens are abundant and moder-
ately well preserved.

Samples 543-32-1, 37-39 cm through 543-32-5, 68-70
cm have abundant, very well preserved assemblages (for
the most part). Specimens superficially similar to 7. mon-
golfieri are common, but they lack strict longitudinal
pore alignment and ribs. Calocycloma castum appears
with increasing abundance. According to the zonal defi-
nition, these facts place the samples in the Theocotyle
cryptocephala Zone (Riedel and Sanfilippo, 1978,
amend.; Sanfilippo and Riedel, 1982).

Sections 543-32,CC through 543-34,CC show assem-
blages with decreasing abundances and all in very poor
states of preservation. Specimens of C. castum, Calocy-
clas hispida, Lithochytris vespertilio, Phormocyrtis stri-
ata striata, and T. cryptocephala are seen rarely and can-
not be used with confidence for zonation. Species of the
genera Amphicraspedum and Spongodiscus dominate
the assemblages.
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Hole 543A

Offset drilling recovered one core from the surface,
washed down to 332 m and continuously cored to 411 m
at basement and 44 m into basalt.

Sections 543A-1-3 and 543A-1,CC contain a Quater-
nary radiolarian assemblage of low to moderate diversi-
ty, showing breakage and signs of dissolution.

Section 543A-H1-1 is barren of radiolarians.

After voids in the recovery, Samples 543A-H1-4, 95-
97 cm through 543A-2-1, 95-97 cm contain common to
few radiolarians in moderate to poor states of preserva-
tion. Sample 543A-H1-4, 95-97 cm contains specimens
of Podocyrtis mitra (C), P. trachodes (R), and Sethochy-
tris triconiscus, which bracket the sample, placing it in
the upper half of the Podocyrtis mitra Zone. This corre-
lates best with samples from Section 543-29-7.

The presence of rare specimens of Eusyringium fistu-
ligerum and P. dorus and the common occurrence of P
sinuosa place Sample 543A-H1-5, 85-87 cm at the bound-
ary of the Podocyrtis ampla/Thyrsocyrtis triacantha
Zones. This correlates closest with Section 543-30-3.
Radiolarians are abundant and moderately well pre-
served.

Sample 543A-H1-6, 64-66 cm contains no diagnostic
species to indicate its zone. Specimens are few and very
poorly preserved. Lithochytris vespertilio, P. sinuosa, and
Rhandolithus pipa are dominant.

Section 543A-H1,CC contains both specimens of Theo-
corys anaclasta and Theocampe mongolfieri, which
bracket it in the Theocampe mongolfieri Zone. Speci-
mens of Thyrsocyrtis triacantha are rare with respect to
those of T. tensa. Periphaena deita is absent. This places
the sample near the middle of the zone, which correlates
best with Section 543-31-1.

These correlations for Core H1 illustrate the charac-
teristic of a washed core to collect samples from differ-
ent intervals in the sediment column.

Sample 543A-2-1, 95-97 cm contains an assemblage
of high diversity, common abundance, and poor preser-
vation. 7. mongolfieri is absent, and Calocycloma cas-
tum and Theocotyle cryptocephala are present. This sam-
ple is assigned to the Theocotyle cryptocephala Zone
and correlates best with Section 543-32-4.

Section 543A-2-2 and 543A-2,CC contain radiolari-
ans in common abundance but very poorly preserved.
Several specimens of Calocycloma castum and Buryella
clinata are seen throughout.

Cores 3, 4, and 5 contain radiolarians in varying abun-
dances (C-R) but so poorly preserved that specimens are
unrecognizable. Fragments of three specimens in Sec-
tion 543A-5,CC are probably contaminants. Cores 6
through basement are barren. Rare fragments found at
the contact are again thought to be contaminants.

Foraminifers

Hole 543

Hole 543 was drilled to 324 m sub-bottom. The upper
10 cores (approximately 96 m of section) contain fora-
minifers varying from sparse to abundant.



Cores 1 through 3 are assigned to the lower Pleisto-
cene Zone N22 of Blow. Specimens of Globorotalia (G.)
truncatulinoides, G. (T.) tosaensis, and Globigerinoides
obliquus obliquus are present throughout. Sample 543-
3-4, 30-32 cm contains G. obliquus extremus and is as-
signable to Berggren’s Zone PL6. As seen at Site 541,
the top of Zone PL6 appears to occur in the lower Pleis-
tocene.

The interval from Sample 543-3-4, 30-32 ¢cm to Sam-
ple 543-4-6, 147-149 cm is assigned to Zone PL6. The
Pliocene/Pleistocene boundary is placed below Section
543-3,CC on the basis of the nannofossil data.

Globorotalia (G.) miocenica occurs in Section 543-
4,CC. This section is assigned to the upper Pliocene
Zone PLS5 (i.e., Zone N21 of Blow). Cores 4 and 5 are
assigned to Zone PLS5.

Core 6 is assigned to the upper Pliocene Zone PL4
(i.e., Zone N21 of Blow) on the basis of the presence of
Globorotalia (G.) multicamerata.

Core 7 is assigned to that part of Zone N19 to N20
(i.e., PL3) below the extinction datum of Sphaeroidinel-
lopsis subdehiscens paenedehiscens. The foraminifers in
Core 7 are sparse. The lower/upper Pliocene boundary
is placed above Sample 543-7-3, 55-56 cm, on the basis
of the nannofossil data (Bergen, this volume).

Cores 8 to 10 contain only sparse foraminifers; most
of which are broken. Thus no zonal assignments are
attempted. _

Cores 11 through 34 are barren of foraminifers.

Hole 543A

In Hole 543A, the first 10 m below the seafloor are
cored. The hole was then washed to 332 m and continu-
ously cored to 455 m.

No diagnostic planktonic foraminifers were observed
throughout the cored interval. Some benthic foramini-
fers assignable to the Upper Cretaceous, Campanian to
Maestrichtian (Hemleben and Troester, this volume), are
found from Cores 6 to 10.

PALEOENVIRONMENT

Recent seafloor sediments of Site 543 were deposited
about 450 m below the local calcite compensation depth
(CCD). As a consequence, the top of Core 1 of Hole
543 is barren of calcareous fossils and Cores 1 through
8, Section 1 contain mostly moderate to poorly pre-
served assemblages of planktonic foraminifers. In gen-
eral the sedimentation rate of Site 543 is considerably
lower compared with Site 541. Thus it is not possible to
obtain the same resolution of events such as climatic
changes. However, changes in preservation of calcare-
ous fossils in Cores 1 through 3 may reflect the glacial
and interglacial phases during the Quaternary. Core 3
seems to represent mostly the Nebraskan (Berger, 1977)
interval. A comparison of the Nebraskan preservational
peaks at Sites 541 and 543 demonstrates a slight shift
(Site 541) toward the Pliocene; however, this shift may
be influenced more by gravity flow deposits than by cli-
matic changes. Samples of glacial intervals (e.g., Ne-
braskan) contain cold-water species (e.g., G. truncatuli-
noides, G. inflata, and Neogloboquadrina cf. pachyder-
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ma) along with the normal tropical assemblage. The
cooling of the water mass is less rapid at the Pliocene/
Pleistocene boundary in low latitudes than in high lati-
tudes. The first appearance of the subtropical species G.
truncatulinoides coincides with the Nebraskan glacial
interval and not necessarily with the Pliocene/Pleisto-
cene boundary.

Compared with Site 541, the preservation is less, in-
dicating earlier deposition closer to the CCD during the
late Pliocene. Sediments of Sections 543-7,CC through
543-10,CC were deposited close to or below the CCD.
Siliceous microfossils first appear in Core 17, Section 1,
indicating a depositional environment definitely below
the CCD.

Sediments of Hole 543A (Cores 1 through 6) contain
no calcareous microfossil assemblages and thus are de-
posited below the CCD. In these cores little or no biotur-
bation can be seen. The occurrence of numerous arena-
ceous and calcareous benthic foraminifers together with
increasing bioturbation in Cores 6 to 10, Section 1 indi-
cates better bottom conditions than seen in Cores 4 to 5.
The first occurrence of calcareous benthic foraminifers
in Core 7, Section 2 may indicate a depositional envi-
ronment above the CCD. However, the abundance of
benthic foraminifers or the ratio of arenaceous-calcare-
ous foraminifers changes rather drastically in each core
(Cores 7 through 10) and may reflect the relative move-
ment of the CCD. In addition, the total lack of plank-
tonic foraminifers (tests or even fragments) points to-
ward a relict fauna of abyssal, benthic species. Thus the
depositional environment can be placed close to the
CCD. In comparing Holes 541, 542, and 543A with the
Barbados outcrops in respect to the foraminiferal abun-
dance, it is obvious that the depositional environment
of Barbados, especially the Oceanic Formation, must be
placed several thousand meters higher up the slope than
the sites of Leg 78A.

BASALTS

Lithology

Altogether, 35.9 m of basalt were recovered in Hole
543A, out of 44 m cored, for a recovery rate of 81%.
This is one of the highest rates of recovery for a single-
bit hole into basement ever obtained by DSDP, and re-
markably, was even higher than the rate of recovery in
the sediments. The recovery was so exceptional that it
was possible to log each pillow recovered on the igneous
rock description forms, and determine that a total of 59
separate cooling units had been cored. Coring in basal-
tic basement began 3 m into the interval encompassed
by Core 10 of Hole 543A, and proceeded through Core
16. It was terminated in order to leave sufficient time for
logging and downhole experiments.

The reasons for the exceptional basalt recovery were
(1) alteration was sufficient to have “healed” the abun-
dant fractures typical of pillowed basalts, and (2) inter-
pillow voids were largely filled, or at least lined, with
spectacular, virtually geoidal calcite, which preserved en-
tire glass selvages on many pillows. The pillows themsel-
ves are fairly small, rarely more than 1 m thick, and usu-
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ally only a few tens of centimeters thick. Glass selvages
were commonly curved, and were recovered on both the
top and bottom, as well as the sides, of pillows. Some
pillows were cored precisely on their edges, resulting in
strikingly curved marginal glass zones that extend for
several tens of centimeters through several pieces of
rock. There were also three glass rinds that changed
trend abruptly, curving sharply back upon themselves,
representing places where the pillows formed ‘“buds”
one from another, during eruption.

The basalts vary from sparsely to strongly phyric, with
plagioclase phenocrysts being most abundant and clino-
pyroxene and olivine phenocrysts occurring in some
samples. The distribution of these phenocrysts varies
mainly on a sample to sample basis, making it difficult
to define distinctive petrographic units. However, phe-
nocrysts are most abundant in Core 10, and again in
Cores 14 to 16.

The most important downhole lithologic variations
concern alteration and the distribution of interpillow sedi-
ments. Alteration is quite extensive in Cores 10 through
12. The rocks are pervasively altered to a dark grayish
brown color, and some, mainly at pillow margins, are an
almost brick-colored orange brown, highlighting the
pale gray plagioclase phenocrysts. Through Core 13,
calcite is the major mineral lining fractures, which, even
in pillow interiors, can be 1 to 2 cm wide. Below this
core, fractures are narrower—never more than 0.5 cm
wide—and are lined either with calcite or green clays.
Below Core 12, Section 4, the extent of the grayish
brown zones of oxidative alteration diminishes, and
most of the basalts are gray and dark gray in color.
Clays identified by X-ray diffraction in these cores are
primarily celadonite, mixed-layer clays, and dioctahe-
dral smectite, all of which occur in the same samples,
suggesting predominantly oxidative conditions of altera-
tion. Trioctahedral smectite was found in only one sam-
ple. The celadonite-mixed-layer clay association forms
distinctive dark bluish green encrustations on fracture
surfaces, and is especially prevalent in Cores 14 and 15,
with an additional occurrence in Core 16, Section 5.
Primarily, there are only very narrow veins of calcite in
the latter core.

Inter- and intrapillow sediments occur only in Cores
10 to 13. They include one sample with brown claystone
between two pieces of glass, calcite-cemented basaltic
sands, and one example of a wide fracture partially
filled with brown claystone, then completely filled with
calcite above the claystone. The claystone/calcite con-
tact is horizontal, implying that clays partly filled the
fracture well after it had formed in the solidified rock.
The sediments in the basalts therefore probably only
filled in void spaces as they were deposited. The pillows
did not “intrude” soft sediments.

Petrography

Seventeen thin sections reveal the Hole 543A basalts
to be petrographically typical of many previously de-
scribed basalts from the Mid-Atlantic Ridge. They have
the textures and crystal morphologies typical of pillows,
namely zones of spherulites adjacent to glassy rinds be-
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coming coarser grained and more microlitic toward pil-
low interiors. The principal variations occur in the abun-
dances and, to some extent, the varieties of phenocrysts,
and in the types of alteration. Plagioclase phenocrysts
occur in all thin sections, and are as abundant as 15% in
some of the sections from Cores 14 to 16. There are two
types: large plagioclase megacrysts, often having inclu-
sions of spherulitic devitrified glass and sharp exterior
normal zones, and euhedral or tabular smaller pheno-
crysts, which are more numerous. Both types can occur
as glomerocrysts, although the larger megacrysts form
rather massive glomerocrysts and the smaller type fre-
quently is only loosely clumped. Rare altered olivine is
associated with the megacrysts, and clinopyroxene oc-
curs with the smaller euhedral plagioclase phenocrysts.
Single spinel crystals occur in three samples. The abun-
dance of clinopyroxene phenocrysts, the rarity of oli-
vine, and the rarity of chrome spinel, imply that the ba-
salts are fairly extensively fractionated. The groundmass
consists of plagioclase microlites or spherulites, spheru-
litic to dendritic clinopyroxene, and titanomagnetite, al-
most invariably altered to reddish iron hydroxides.

The phenocryst distribution in the cores can be sum-
marized as follows: (1) Cores 10 to 11, Section 1: mod-
erately plagioclase-olivine phyric basalt; (2) Core 11, Sec-
tion 1 to Core 12, Section 2: sparsely to moderately pla-
gioclase phyric basalt with rare augite phenocrysts and
no calcic plagioclase megacrysts or glomerocrysts; (3)
Core 12, Section 2 to Core 14: sparsely to moderately
plagioclase-olivine phyric basalts; and (4) Cores 15 and
16: moderately to strongly plagioclase-clinopyroxene-
olivine phyric basalt.

The other striking petrographic feature of these ba-
salts is the distribution and type of secondary minerals.
In Cores 10 and 11, there has been significant replace-
ment of plagioclase by K-feldspar and calcite, with asso-
ciated almost complete oxidation of groundmass titano-
magnetite. The K-feldspar and calcite replacements are
intimately associated texturally, and there is strong crys-
tallographic control in the plagioclases on the occurrence
of these secondary minerals.

Below Core 12, alteration is confined to partial re-
placement of the groundmass and olivines by green or
blue green clays and iron hydroxides, filling in of vesi-
cles by clays, iron hydroxides, and pyrite, ofttimes strik-
ingly zoned, and veining by calcite with or without
clays. Formation of iron hydroxides in the groundmass
or in vesicles is more extensive near cracks. This phe-
nomenon can even be seen macroscopically by tracing
narrow calcite veinlets into pillow interiors. No matter
how narrow these veinlets are, they are usually accom-
panied by narrow parallel zones 1 to 2 mm wide of ox-
idative alteration and iron hydroxide coloration. In
some cases, particularly deeper in the cored basement,
the calcite veins themselves either line or are lined with
reddish iron hydroxide fillings. Overall, the alteration in
Hole 543A basalts is very similar to that of basalts from
Hole 417A, drilled during Leg 51, particularly in regard
to the formation of K-feldspar near the top of base-
ment, and the generally oxidative character of alteration
elsewhere. The primary petrology and a summary of the



features of alteration are presented in more detail in
chapters by Natland et al. (this volume) and Bougault et
al. (this volume).

PHYSICAL PROPERTIES

The physical properties of cores recovered from Site
543 are similar to the properties measured in cores from
Sites 541 and 542.

Sonic Velocity

An average of two ultrasonic velocity measurements
were made on samples from each core from Site 543 (Ta-
ble 3). The variation in compressional velocity through-
out the entire site, excluding the basaltic basement rocks
at the bottom of the hole, is uniform and generally small.
As can be seen in Figure 7, the increase in velocity down
to basement in the hole is very slight, very gradual, and
linear (except for a few scattered points).

We converted the vertical components of sonic veloc-
ities to acoustic impedance, defined ds

z2=p"V

where p = density and ¥V, = vertical velocity. As can be
seen in Figure 7, the acoustic impedance at Site 543
increases uniformly down the hole, starting at about
2.0 x 105 g/cm?s near the seafloor and increasing to
about 3.0 x 10° g/cm?s near the bottom of the hole.

In order to describe the variations in velocity with
depth, we calculated mean velocities for given depth mea-
surements as well as for the entire site above basaltic
basement (Table 4). The average velocities parallel and
perpendicular to the cores (exclusive of basalt basement
samples) are virtually indistinguishable for the entire
site. This relationship suggests that sedimentary materi-
al from the site is acoustically isotropic.

In order to test whether sedimentary samples from
Site 543 are indeed acoustically isotropic, we computed
relative anisotropy for each core sample from the rela-
tionship:

Anisotropy A, (%) = 100 x (V; — Vi/V; + V)

where Vy and V| are the velocity values parallel and per-
pendicular to bedding, respectively. The results of these
calculations are shown in Table 5. For all 61 computa-
tions, the average anisotropy, A,, is 0.395% with a
standard deviation of 1.103%. The average anisotropy
is slightly positive albeit very small. A cursory examina-
tion of Table 5 suggests that the slightly positive aniso-
tropic effect discovered at Site 543 is confined to the
sedimentary section below 300 m. Above 300 m, the
drilled section at Site 543 is isotropic, as are the drilled
sections at adjacent Sites 541 and 542.

Porosity, Density, and Water Content

Plots of water content, porosity, and density are
shown in Figure 8. Porosity is also plotted versus depth
in Figure 4. The density averages about 1.50 g/cm? from
the seafloor to a sub-bottom depth of about 190 m. We
have no sample data between about 190 and 210 m at
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Figure 7. Plot of acoustic impedance and sonic velocity versus sub-
bottom depth at Site 543. (Sonic velocities are calculated from re-
covered core samples and are not corrected to in situ values.
Acoustic impedance values also are nof corrected to in situ values,)
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Table 3. Summary of physical properties for Site 543.

2-min. GRAPE
Sonic Wet-bulk Gravimetrics A - TH 1
Sample  Sub-bottom ":'““Y density  Porosity  weu pyik Water  impedance Shear  conductivity
(core-section, depth (km/s) (8/cm?) (%) density  Porosity ~ content (1 ‘g/cmz s) strength [x10—3 (cal/
interval in cm) (m) H? va HE v HE V¥ (g/md) (%) (%) (kPa) cm - 5 - deg)]
Hole 543
1-2, 56-59 2 1.490 1.35 80.6 1.41 76.2 55.6 2.10
1-2, 105-108 3 18.1
14, 116-118 5 1.499 1.50 71.6 1.54 65.3 43.4 231
1-4, 105-108 6 17.3
1-7, 90-93 10 1.493 1.49 72.2 1.50 70.8 48.3 2.24
1-7, 103-106 10 13.2
2-2, 17-20 12 9.1
2-3, 44-47 14 1.490 1.49 722 1.52 64.6 436 2.26
2-5, 29-32 17 9.1
2-5, 44-47 17 1.545 1.49 72.2 1.57 64.7 422 2.28
3-3, 120-123 24 1.480 1.49 722 1.48 7.1 49.2 2.19
34, 13-16 25 18.5
3-5, 40-43 26 1.545 1.52 70.5 1.55 67.9 449 2.39
3.7, 19-22 29 6.6
42, 60-63 32 1.492 1.56 7.6 1.54 66.7 44.3 2.30
4-3, 100-103 34 27.2
4-4, 60-63 35 1.519 1.57 67.5 1.60 61.9 39.6 2.43
4-6, 97-100 38 35.0
4-6, 130-133 38 1.504 1.49 722 1.53 65.6 44,0 2.30
5-3, 13-16 42 1.500 1.50 71.0 1.56 63.3 41.7 2.34
5.3, 21-25 42 18.1
5-3, 40 42 2.533
6-2, 135-137 51 1.496 1.43 75.8 1.56 61.4 40.4 2.33
64, 70-72 54 1.506 1.58 66.9 1.61 63.8 40.6 2.42
6-4, 82-86 54 17.3
6-6, 97-100 57 32.5
6-7, 13-16 58 63.0
67, 21-23 58 1.519 1.58 66.9 1.60 63.2 40.5 2.43
7-2, 86-89 60 21.4
7-2, 94-97 61 1.482 1.55 68.7 1.58 63.8 41.4 2.34
7-3, 138-141 62 77.8
74, 41-44 63 1.471 1.56 68.1 1.55 67.3 44.4 2.28
7-4, 47-50 63 26.4
8-3, 104-107 72 449
8-3, 124-128 72 1.485 1.55 68.7 1.60 62.2 39.9 2.38
8-4, 50-54 73 1.488 1.493 1.57 67.5 1.61 62.4 39.6 2.40
8-4, 69-72 73 72.1
8,CC (5-8) ki 37.1
8,CC (10-13) il 1.523 1.63 63.9 .71 55.8 33.3 2.60
9-1, 92-95 78 12.4
9-1, 104-107 78 1.482 1.47 72.2 1.53 65.8 44.1 2.27
9.4, 65-68 82 1.493 1.502 1.50 1.56 71.6 -68.1 1.65 59.0 36.6 2.48
9.4, 73-76 82 45.3
9.6, 82-85 85 39.5
9.6, 120 86 2.644
10-2, 82-86 89 1.480 1.37 79.4 1.41 71.2 51.8 2.09
10-2, 92-95 89 11.8
10-4, 81-84 92 1.529 1.529 1.66 1.65 62.1 62.7 1.68 59.1 36.1 2.57
10-4, 98-101 92 82.4
10-5, 6-9 93 59.3
11-1, 101-103 97 19.8
11-1, 119-123 97 1.470 1.43 75.8 1.40 74.9 54.8 2.06
11-3, 49-52 100 48.0
11-3, 59-63 100 1.463 1.489 1.51 1.52 710 70.4 1.51 69.3 46.9 2.25
122, 110-113 108 313
12-2, 117-121 108 1.485 1.477 1.41 144 77.0 75.2 1.46 723 50.6 2.16
12-4, 82-85 111 96.4
12-6, 100 114 2.644
12-6, 117-120 114 41.2
12-6, 125-129 114 1.487 1.497 1.44 144 752 1.49 71.1 48.9 2.23
13-2, 104-107 118 53.5
13-2, 116-120 118 1.499 1.505 1.52 1.56 71.0 68.1 1.54 67.8 45.0 232
13-3, 144-147 119 73.3
13-6, 63-66 123 76.6
13-6, 70-74 123 1.520 1.511 1.69 1.60 603 65.7 1.63 65.4 41.1 2.46
14-1, 83-86 125 32.9
14-2, 80-83 127 1.520 1.512 1.49 1.50 722 71.6 1.52 71.7 48.4 2.30
14-3, 103-106 129 24.7
14-5, 97-100 132 13.2
14-5, 110-113 132 1.500 1.662 1.39 78.2 1.43 70.9 50.6 2.38
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Table 3. (Continued).

2-min. GRAPE
SUﬂilC Wﬂ-b‘lﬂk = Gravimetrics Acoustic Thermal
Sample  Sub-bottom  YElOcity density  Porosity ey by Water  impedance  Shear  conductivity
(core-section, depth (km/s) (®/cm?) (%) deamtz Porosity content (%105 g/cm2s) strength [x 10~ 3 (cal/
interval in cm) (m) H2 v HE vV HE VW (g/emd) (%) (%) Ve (kPa) cm - s - deg)]
Hole 543 (Cont.)
15-3, 36-39 137 39.5
15,CC 144 1.643 177 1.80 55.5 53.7 1.77 58.5 33.9 2.91
16-2, 13-76 146 28.8
16-2, 92-95 146 1.526 1.533 1.47 150 734 71.6 1.49 74.4 51.3 2.28
16-4, 24-27 148 1.551 1.506 1.56 1.56 68.1 1.54 71.0 473 2.32
16-4, 76-79 149 432
17-1, 70-73 154 1.527 1.49 149 722 1.44 76.2 54.1 2.20
17-1, 77-80 154 62.6
17-4, 135-138 159 1.518 1.505 1.34 1.35 812 80.6 1.41 76.5 55.7 2.12
18-1, 65-68 163 1.581 1.565 1.40 1.46 77.6 74.0 1.46 74.9 52.6 2.28
18-6, 99-102 17 1.604 1598 1.40 1.34 740 81.7 1.40 76.2 55.8 2.24
19-3, 10-13 175 32.9
19-3, 93-97 176 1.946 1592 1.34 1.33 B8l1.2 B81.8 1.39 76.4 56.4 2.21
19-3, 80-84 176 1.596 1.564 1.40 1.36 77.6 80.0 1.43 73.6 52.6 2.24
19-5, 8-11 178 42,8
19-6, 8-11 180 19.8
19-6, 13-16 180 1.514 1.41 77.0 1.39 76.5 56.2 2.10
20-2, 88-91 184 105.4
20-2, 98-101 184 1.556 1.551 1.47 138 73.4 78.8 1.44 74.1 52.7 2.23
20-3, 88-92 186 1.547 1.536 1.42 1.42 76.4 1.49 71.5 49.2 2.29
20-3, 94-97 186 90.6
20-4, 85-88 187 >118.6
20-4, 100 187 2.384
23-1, 128-131 211 112.0
23-1, 138-142 211 1.619 1.580 1.66 1.74 62.1 57.3 1.70 58.9 35.5 2.69
23-2, 99-103 213 1.578 1.579 1.64 1.59 633 66.3 1.68 61.9 37.9 2.65
23-2, 108-111 213 112.0
24-2, 95-97 222 75.8
24-2, 108-111 222 1.563 1.560 1.66 1.70 62.1 58.9 1.68 62.1 37.9 2.62
24-3, 98-100 224 118.6
24-4, 103-106 225 1.572 1575 174 176 57.3 56.1 1.71 61.1 36.7 2.69
24-4, 108-110 225 101.3
25-1, 7-10 229 54.4
25-1, 11-15 229 1.578 1.539 1.65 1.68 62.7 60.9 1.67 61.9 37.9 2.57
25-2, 55-59 231 1.557 1.551 1.65 1.68 62.7 60.9 1.68 60.2 36.5 2.61
25-2, 65-68 231 67.5
25-3, 15-18 232 66.7
26-2, 54-57 241 1.604 1.541 172 1.72 585 1.71 59.3 35.5 2,64
26-2, 102-105 241 106.2
26-4, 79-82 244 112.0
26-5, 55-58 245 1.620 1.570 1.63 1.63 61.9 1.70 57.9 34.8 2.67
26-6, 70-73 247 125.2
27-3, 120-123 252 1.625 1.610 1.68 1.63 60.9 61.9 1.70 59.2 35.8 2.74
27-5, 27-30 254 79.1
27-5, 83-86 255 1.613 1.612 1.67 1.61 61.5 65.1 1.70 58.1 35.1 2.74
28-1, 71-74 258 1.629 1.622 1.54 1.61 69.3 65.1 1.66 59.2 36.5 2.69
28-2, 101-104 260 102.1
28-3, 59-62 261 1.646 1.607 1.76 1.70 56.1 59.7 1.73 57.0 33.8 2.78
28-4, 97-100 263 117.8
28-4, 125 263 2.588
29-2, 56-60 269 1.643 1.617 1.53 1.53 69.9 1.61 59.3 37.6 2.60
29-2, 65-68 269 121.9
29-3, 50-53 271 123.5
29-3, 61-65 271 1.623 1610 1.56 1.55 68.1 68.7 1.66 58.5 36.1 2.67
29-6, 72-75 275 >115.3
30-2, 110-113 279 1.603 1.618 1.55 1.50 68.7 71.6  1.61 59.6 38.0 2,60
30-2, 118-120 279 >120.3
30-4, 38-41 281 90.6
30-5, 125-128 284 1.634 1.641 148 147 728 73.4  1.58 52.7 34.3 2.59
30-5, 134-137 284 102.1
30-6, 82-88 285 1.784 1731 1.56 1.57 68.1 67.5 1.70 53.0 32.0 2.94
31-1, 45-48 286 62.6
31-1, 77-81 287 1.631 1.634 1.53 1.54 69.4 69.3 1.63 58.3 36.6 2.66
31-2, 8-11 288 1.604 1.630 1.46 1.51 740 71.0  1.62 58.7 371 2.64
312, 17-20 288 59.3
32-1, 50-53 296 79.1
32-1, 81-84 296 1.614 1.548 1.46 1.41 740 77.0  1.55 63.6 42.1 2.40
322, 94-96 298 74.9
32.3, 85-87 299 64.2
32-4, 43-47 300 1.755 1.824 147 1.54 734 69.3 1.62 58.3 36.9 2.95
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Table 3. (Continued).

2-min. GRAPE
o minatis s e

Sample Sub-bottom sy g o ¥ Wet-bulk Water im ce Shear conductivity
(core-section, depth (km/s) (g/em?) (%) densit; Porosity content (x 10 g/(:mz s) strength [x 10-3 (cal/
interval in cm) (m) H? Vv HT vV HT WV (g/md) (%) (%) va (kPa)  cm - s - deg)]

Hole 543 (Cont.)
33-1, 106-111 306 1,785 1.681 143 152 758 704 1.62 57.3 36.3 2.72
33-2, 80-82 307 334
33-3, 22-26 308 1.588 1.592 1.51 1.52 71.0 704 1.58 62.1 40.3 2.52
33-3, 63 308 2.339
34-1, 146-148 316 1.683 1.661 1.49 136 72.2 B0.0 1.54 61.6 40.9 2.56
34-2, 94-97 317 1.776 1.711 1.47 148 734 728 1.61 59.3 37.7 2.75
34,CC 324 2.426 2.453
Hole 543A

Hi1-4, 18-21 327 119.4
2-1, B-11 332 1.707 1.704 1.55 1.55 68.7 1.66 57.2 354 2.83
2-2, 52-55 334 1.589 1.569 1.52 1.60 70.4 65.7 1.61 63.7 40.6 2.53
2,CC 342 1.638 1.624 1.58 1.63 66.9 63.9 1.64 59.2 36.9 2.66
3-1, 148-150 343 1.749 1.689 1.66 1.67 62.1 61.5 1.74 55.9 33.0 2.94
3-2, 101-104 344 1.706 1.674 1.81 1.57 53.1 67.5 1.73 58.3 34.6 2.90
4-1, 6-9 351 1.690 1.646 1.79 1.88 54.3 49.0 1.79 55.2 31.5 2.95
4-3, 36-39 354 1.689 1.566 1.63 1.81 63.9 53.1 1.80 55.6 31.7 2.98
5-1, 84-87 361 1.662 1.636 1.30 1.74 83.6 57.3 1.76 56.6 32.9 2.88
5-2, 58-61 363 1.686 1.651 1.81 1.78 53.1 549 1.77 56.6 32.7 2.92
5-2, 70-73 363 128.5
6-1, 49-52 370 1.634 1.598 1.61 1.79 65.1 54.3 1.76 57.8 338 2.81
6-1, 66-68 370 130.1
6-1, 105 37 3.041
7-1, 96-100 81 1.629 1.628 1.89 195 484 448 1.83 55.2 31.0 2.98
7-1, 101-104 381 70.8
7-2, 27-30 381 73.7
7-3, 91-94 384 59.7
7-3, 100-104 384 1.697 1.672 2.06 1.91 38.2 472 1.94 48.4 25.6 3.24
7-4, 10 384 3.578
8-1, 10-13 389 95.1
8-1, 17-20 389 1.610  1.586 56.4 32.9 2.79
8-1, 87-91 390 1.638  1.587 56.5 32.5 2.82
8,CC (5-8) 399 114.9
9-1, 6-10 399 1.617 1.597 1.80 54.8 311 2.87
9-1, 33-36 399 74.5
9-1, 50-54 399 1.568 1.585 1.81 54.6 309 2.87
10-1, 14-17 408 1.7
10-1, 28-32 408 1.664 1.671 1,85 52.3 28.9 3.09
10-1, 120-124 409 4910 4932 274 272 2.65 8.5 3.3 13.07
11-2, 30-34 419 5.621 5.561 296 297 2.81 5.6 2.1 15.57
12-1, 80-84 421 5.358 5.287 299 2.9 2.80 6.1 2.2 14.80
13-3, 55-58 431 5.580 5.314 3.06 3.06 2.83 5.7 2.1 15.04
15-3, 7-11 441 5.293 5.284 3.02 291 28 4.5 1.6 14.90
16-3, 46-50 449 5471 5327 3.6 297 2.82 4.6 1.7 15.02

Note: Some shear strength measurements exceeded instrumentation limits and are indicated by a greater than (>) symbol. These values are not plotted in any fig-
ures and the values are considered below failure strength of the material.
2 H = horizontal; V = vertical.

Table 4. Average sonic velocities, in Holes 543 and 543A.

Sub-bottom . o
depth range V2 Vi#
(m) (km/sec) S N (km/sec)y S N
0-100 1.494 0.021 25 1.495 0.021 29
100-200 1.533 0.037 16 1.544 0.051 18
200-300 1.624 0.055 21 1.610 0.066 21
300-400 1.703 0.176 21 1.676 0.183 21
Total 1.589 0.135 86 1.580 0.120 86

Note: Values listed here are exclusive of measurements in base-
velocity parallel to bedding; ¥ | = velocity
perpendicular to bedding. S = standard deviation and N =
number of samples.

2 Includes V|| presumed to be equal to V| in the upper section
of semiconsolidated material,

ment. V|
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the site, but below the gap in data, the density has in-
creased significantly and averages about 1.70 to 1.75 g/
cm?3. There is a slight decrease in density from about 260
to 340 m sub-bottom.

The porosity and water content values for the upper
200 m of Site 543 are quite variable, often decreasing or
increasing up to 20% in a few tens of meters. Similar
trends in the variation in density can be noted in the up-
per 200 m of Site 543 (Fig. 8). Below the gap in data
near 200 m, both the water content and porosity de-
crease gradually toward the bottom of the hole, as
might be expected due to increasing compaction and
overburden pressure.

We should note here that there is a great deal more
scatter in the water content, porosity, and density values



Table 5. Calculated sonic velocity anisotropy
values for individual samples, Site 543
(see text for derivation).

Sub-bottom
Section depth Anisotropy
(core-section) (m) (%)
Hole 543
8-4 73 -0.17
9-4 82 -0.30
10-4 92 0.0
11-3 100 -0.88
12-2 108 0.27
12-6 114 —-0.34
13-2 118 -0.20
13-6 123 0.30
14-2 127 0.26
14-5 132 -5.12
16-2 146 -0.23
16-4 148 1.47
17-4 159 0.43
18-1 163 0.51
18-6 171 0.19
19-3 176 1.01
20-2 184 0.16
20-3 186 0.36
23-1 211 1.22
23-2 213 -0.03
24-2 222 0.10
24-4 225 -0.10
25-1 229 1.25
25-2 231 0.19
26-2 241 2.00
26-5 245 1.57
273 252 0.46
27-5 255 0.03
28-1 258 0.22
28-3 261 1.20
29-2 269 0.80
29-3 271 0.40
30-2 279 -0.47
30-5 284 -0.21
30-6 285 1.51
3l-1 287 -0.09
31-2 288 —0.80
32-1 296 2.09
324 300 -1.93
33-1 306 —-3.00
333 308 -0.13
34-1 3l6 0.66
34-2 317 1.86
34,CC 324 —0.55
Hole 543A
2-1 332 0.09
2-2 334 0.63
2,CC 342 0.43
3-1 343 1.75
3-2 344 0.95
4-1 351 1.32
4-3 354 1.02
5-1 361 0.79
5-2 363 1.05
6-1 370 1.11
7-1 381 0.03
7-3 384 0.74
8-1 389 0.75
8-1 390 1.58
9-1 399 0.62
9-1 399 —-0.54
10-1 408 -0.21

SITE 543

for the upper 200 m at Site 543 than for strata drilled at
equivalent depths at Sites 541 and 542.

Shear Strength

Shear strength values for cores From Site 543 are list-
ed in Table 3 and are shown in Figures 8 and 4. Unlike
shear strengths measured at Sites 541 and 542, the val-
ues obtained at Site 543 are quite scattered and variable
throughout the drilled section, although the average shear
strength values tend to increase down the hole. The scat-
tered data points, especially at depth, for shear strength
are very unlike the generally constant (or slightly de-
creasing), uniform values measured at the other two
sites. The difference in data suggests that consolidation
or tectonic processes that may be active at Sites 541 and
542 are apparently not currently active at Site 543, or
that some other processes are acting on the strata at
Site 543.

Thermal Conductivity

Eight conductivity measurements were made at Site
543 (Table 3). The conductivity values measured at site
543 are generally slightly less (about 10%) than values
measured for equivalent depths at Sites 541 and 542.
Conductivity is nearly constant at Site 543 and averages
about 2.5 X 103 cal/cm * s * deg, except near the bot-
tom of the hole, where conductivity values increase to
slightly more than 3.5 X 10-3 cal/cm - s - deg.

Some Related Findings

Figure 9 is a plot of porosity versus density measure-
ments from cores taken at Site 543. Also shown is the
empirically derived equation from DSDP, relation den-
sity and porosity:

o = 2.70 — 1.675¢

where ¢ = porosity of a sample.

The porosity and density values from Site 543 are
scattered but do show a generally linear relationship.
However, the scatter in the data from Site 543 is consid-
erably greater than density-porosity data from Sites 541
and 542. Data from Sites 541 and 542 consistently plot
above the empirically derived function from DSDP, where-
as data from Site 543 generally plot below the DSDP
equation. Thus for a given porosity, strata from Sites
541 and 542 are generally more dense than equivalent
rocks from Site 543.

Earlier, we speculated that the uniform physical proper-
ties observed at sites 541 and 542 in a so-called subduc-
tion zone may be related to a tectonic overprint. Con-
vergence and subsequent deformation have apparently
allowed a relatively irregular physical property profile,
as at Site 543, to be transformed to a uniform profile, as
at Sites 541 and 542.

PALEOMAGNETICS

The objectives for paleomagnetic sampling at Site 543
were to use polarity stratigraphy for age control and to
determine the magnetic properties of the basalts. Refer
to the paleomagnetism chapter (Wilson, this volume)
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Figure 8. Plot of water content (wet wt.%), porosity (%), density (gm/cm,), vertical velocity (km/s), and shear strength (kPa) values versus depth

at Site 543.

for a complete discussion. Drilling deformation was,
again, a major problem in the upper part of the sedi-
mentary section. No samples at all were collected in the
interval from Cores 1 to 5, and samples were very sparse
from Cores 6 to 16—completely inadequate for polarity
stratigraphy. Sample density and stability were adequate
for Cores 17 to 20 (161-199 m sub-bottom).
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The reversed intervals in Cores 18 and 20 should cor-
relate to polarity epochs 16 and 18, respectively (Fig.
10). The radiolarian dates for this range strongly sup-
port these identifications, based on the correlation of
Theyer and Hammond (1974).

The correlation between core polarity epochs and the
marine magnetic anomalies is not rigorous in this inter-
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Figure 9. Plot of density versus porosity for core samples from Site 543. (See text for discussion.)

val, but if we have a nearly constant sedimentation rate,
these four cores would correspond very nicely to Marine
Anomalies 5C and 5D (age range 16 to 18 Ma, from
Ness et al., 1980).

Cores 24 to 34 present an interesting problem. Drill-
ing deformation was minimal and recovery was good, so
sample density was adequate. Of over 40 samples, more
than 30 are confidently judged to be reversed, and only
one is normal. This pattern is not remotely compatible
with any time scale and indicates remagnetization dur-
ing a predominantly reversed interval. There is little
hope for drawing any useful conclusions from the sedi-
ments in Hole 543A due to poor recovery and low pa-
leolatitude.

The basalts are extremely stably magnetized and show
very good internal consistency. NRM intensities are fair-
ly strong, generally 5 to 10 A/m. Directions change less
than 2° with AF demagnetization, and median destruc-
tive fields are 15 to 30 nT. Inclinations divide neatly into
three groups: Section 543A-10-1, —11°; Sections 543A-
11-1 to 543A-12-1, —35° +1°; and Sections 543A-12-2
to 543A-16-7, 25° +4°. These correspond to basalts of
differing petrography and composition, hence probably
represent separate eruptions that recorded secular varia-
tion during a single reversed polarity epoch (Natland,
this volume; Wilson, this volume).

TEMPERATURE MEASUREMENTS

A temperature logging run was made in Hole 543A
using the Gearhart-Owen logging tool. The run extend-
ed past the end of the pipe, but stopped short of base-

ment due to bridging in the hole. The results, compli-
cated by an upward flow of warm water from the bot-
tom of the hole, suggest a smaller undisturbed thermal
gradient (roughly 20°/km) than that found to the west
of the deformation front at Site 541. For more details,
see Davis et al. (this volume).

SEISMIC STRATIGRAPHY—CORRELATIONS
WITH LITHOLOGY AND PHYSICAL
PROPERTIES

In the abyssal plain north of the Tiburon Rise the
AI1C seismic section is characterized by flat or gently
dipping, more or less continuous reflectors of low am-
plitude and generally low continuity. Nevertheless it is
possible to define several units within the sequence.

Seismic unit 1 occurs between seafloor and Reflector
1 and is composed of flat-lying layered sediments pass-
ing westward into the toe of the Barbados Ridge com-
plex. Note in profile A1C that the uppermost part of
this unit could be slightly folded at the deformation
front (Fig. 3).

Seismic unit 2 occurs between Reflectors 1 and 2, is
relatively transparent, and shows few thickness varia-
tions. This unit passes below the discontinuously reflec-
tive sequence of the prism.

Seismic unit 3 occurs between Reflectors 2 and 3 (the
top of the acoustic basement) and exhibits rapid varia-
tion of thickness due to the paleotopography as well as
variations in seismic character.

The location of Site 543 was chosen over a basement
high, between the deformation front and the proposed
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Figure 10. Stable magnetic inclination in sediments of Hole 543 versus
sub-bottom depth, and polarity interpretation. (Black areas indi-
cate normal polarity; white areas show reversed polarity. Open cir-
cles represent data judged to be less reliable than the data repre-
sented by filled circles; open circles with arrows indicate data that
are off the graph.)

reference hole (CAR-1D). Due to navigational difficul-
ties the location of Site 543 is estimated to be 0.5 km
north of the Profile A1C (Fig. 2). At shot point 380 on
Profile A1C the sedimentary sequence is 0.490 s thick
(two-way traveltime), where seismic unit 1 is 220 m/s
thick, seismic unit 2 is 150 m/s thick, and seismic unit 3
is 120 m/s thick.

Despite the southern displacement of Profile A1C
from Site 543, correlation between the observed seismic
stratigraphy and the drilled section is good (Fig. 11):

1) From 0 to 174 m (sub-bottom), the well-layered
Pleistocene-Pliocene-upper Miocene sequence (Lithologi-
cal Units 1, 2, and 3) corresponds to seismic unit 1 (us-
ing an average velocity of 1.57 km/s, the thickness of
this seismic unit should be about 173 m). We can corre-
late the prominent Reflector 1 with the significant de-
crease in porosity and increase in density and shear
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strength, which occurs between 180 and 200 m sub-bot-
tom at the uppermost part of the lower Miocene radio-
larian muds; the same Reflector 1 was penetrated at Site
541, where the bit entered the very top of the under-
thrust sequence.

2) From 174 m to the bottom of Hole 543, Lithologi-
cal Units 4, 5, and 6 correspond to seismic units 2 and 3.
A lack of significant change in the physical properties
of the cored section in unit 2 makes it difficult to corre-
late the seismic stratigraphy with the cored section. Nev-
ertheless, using a velocity of 1.68 km/s between 200 and
300 m, we can correlate Reflector 2 at the bottom of
seismic unit 2 to the top of zeolitic clays (Unit 5b) of the
middle Eocene.

3) The depth to oceanic layer 2 at Site 543 was diffi-
cult to predict because of the lack of good velocity anal-
yses from seismic reflection data. The cored contact is
estimated at 411 m sub-bottom, a depth close to the cal-
culated depth (404 m) based on core velocity measure-
ments (around 390 m using an average velocity of 1.75
km/s).

SUMMARY AND CONCLUSIONS

Site 543 is located on the Tiburon Rise 3.5 km sea-
ward of the deformation front of the Barbados Ridge
complex. Here we penetrated a 411-m sequence of hemi-
pelagic and pelagic sediments and 44 m of basaltic base-
ment.

The recent sediments consist of ashy mud to a depth
of 8 m at Site 543. The subjacent sediments to 70.5 m
are Pleistocene to upper Pliocene ashy nannofossil mud
that is transitional to a unit of lower Pliocene to lower
Miocene mud and ashy mud that extends to 176 m sub-
bottom. Radiolarian clay initially with local ash layers,
subsequently with manganese stains, occurs from 170 to
322 m sub-bottom, spanning the lower Miocene into the
Oligocene. Zeolitic clay-claystone is present from 322 to
379 m sub-bottom and overlies a basal calcareous, fer-
ruginous Maestrichtian to Campanian claystone that con-
tacts basalt at 411 m. Plagioclase as well as plagioclase-
olivine phyric pillow basalts extend to a total depth of
455 m.

Overall the lithology at Site 543 records the birth and
evolution of an oceanic crustal sequence with its pro-
gressive juxtaposition with an active volcanic source. The
pillow basalts recovered at the base of Site 543 are typi-
cal of those found at the Mid-Atlantic Ridge, and they
are succeeded by altered sediments commonly formed
during hydrothermal activity at ridges. The claystones
and zeolitic clay-claystone and manganese-rich radio-
larian clays record slow sedimentation under open-
ocean conditions, removed from any significant terrige-
nous or volcanic source. Notable quantities of ash occur
in the lower Miocene and are also present through the
Neogene, suggesting proximity to the Lesser Antilles
arc. The carbonate content and occurrence of nanno-
fossils and foraminifers suggest that Site 543 was above
the CCD in the Late Cretaceous and the early Pliocene
to Pleistocene. In general the Miocene and younger sed-
iments at Site 543 are similar to those cored at Sites 541
and 542.
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Figure 11. Correlations between physical properties, lithological units, and main reflectors of profile

AIC (Fig. 3).

The structural features observed in the cores from
Site 543 are principally induced by drilling. As such,
these features provide an excellent reference section and
allow separation of drilling induced and natural struc-
tures in the tectonically deformed sequences at Sites 541
and 542. Notably, the clay-rich sediments above 191 m
and below 315 to 380 m at Site 543 are more easily de-
formed by drilling than the radiolarian-bearing sedi-
ments separating them, suggesting the former may con-
stitute favored zones for décollement when this oceanic
section is underthrust beneath the trench slope.

At Site 543 sonic velocity increased uniformly with
depth in the sedimentary section. Density and porosity
show a sharp increase and decrease, respectively, be-
tween 180 and 200 m. An increase in shear strength also
occurs at this interval. This marked variation in physical
properties correlates with the transition from mud to
radiolarian mudstone and the approximate seaward ex-
tension of the reflector separating the apparently off-
scraped and underthrusted units to the west.

A key characteristic of Site 543 is the overall equiva-
lence of its Miocene and younger sediments to the se-
quences cored at Sites 541 and 542; as such, we may in-
fer oceanic derivation and offscraping of the deformed
and faulted sequence penetrated at these latter sites. A
second critical result is the association between 165 and
200 m of the top of the radiolarian-bearing mud, the in-
crease in density and strength, and the reflection sepa-
rating the apparently offscraped and subducted units
west of the deformation front. The observed changes in

physical properties, while subtle, favor the development
of a décollement at this level, as inferred from the seis-
mic data.

A downhole seismometer with temperature and tilt
recorders was emplaced in the basaltic basement at Site
543. The instrument remained in the hole while a seis-
mic refraction experiment was conducted. Malfunction-
ing of the seismometer necessitated retrieval of the down-
hole instrument and prevented deployment of the long-
term recording package on the seafloor.
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@ Colors: primarily greenish gray (5GY 5/1) with grada: ® Calors: primarily greanksh gray (BGY 5/1) with grada-
tional layers and faint motties of olve gray (8Y 8/2), tianal color chengen to amall “layers” of olive (Y
olive {5 5/3), dark greenish gray [SGY 4/1) and dusky 5/3), olive gresnisth gray (SGY 5/1-5Y 531, olive
wellow green (BGY 5/21. The clay is faintly mottied, gray (BY 5/2). There sre 1-2 em thick layers of pale
Sections 1 and 2 sre moderately deformed try drilling green 110G 6/2] in Sections 2 and 4, slterstion next 10
ard have scaly surfsce disruption from the pianc wire, ashy spots, Section 1 contains gray burrow mortling.
Sections 3 and 4 have less surface disruption than Sec- ® Ash: Section 1, 130—135 em: black (5Y 2.6/1) bed;
tions 1 and 2. Sections 2 and 3 contain ashy, dark gray Sectson 1, 140-143 cm: very dark gray (5Y 3/1) bed:
NS} burrows. Section 5 comists of compected clay Section B, 32-36 em: dark gray (N3] imyer. In addi-
breceia produced by drilling. PP tion there sshy specks often surrounded by pale groen
(10G &/2) alteration. There & & small percent of radio-
SMEAR SLIDE SUMMARY [%): latians in Section 2 and below. The clay Is quite lirm
5 3,75 8,76 and tha purfsce ham besn disrupted by splitting with &
o o L4 2 n pang wire,
Taxturs:
2 1 1 SMEAR SLIDE SUMMARY (%):
St & 5 8 1,75 1,80 2,80 382 557
Clay a3 a4 at (=] B s} o o =]
Composition: Taxture:
Quartz 1 1 1 Sand 1 5 2 3 4
Feldepa 4 5 & (=] S 5 7 B 5 6
Fegwy minerals 1 5 1 5 Cuy [V %0 2 w0
Clay 8w L 2 Compesition
Valcanic glas 5 2 10 = Quarz 1 1 1 1 1
' § 3 . Feldspar 5 4 5 3 5
CaCO3 Bomd: [%): E Hawry mineraly 1 T Tr Tr Tr
2.92=00 > Clay B 85 B3 " 88
4,23=00 = WVolcanic glass 4 0 5 H 2
1 o s Diatoms = L 5 m
Radiclarians - - 1 2 a
Bomb (%):
G 1,85=0.0
8,96=00
4 4
Bl B|B E
1 H "G
6|8
= g Aol |® .
51 4 wvo oG e
)
CC,
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SITE 543 HOLE CORE__ 18 CORED INTERVAL 5787.5-5807.0 (mbsi) 170.5-180.0 (mbsf) SITE 543 HOLE CORE 19 CORED INTERVAL 5807.0-58165 (mbs!] 180.0-189.5 (mbsf}
[T} 2
g FOSSIL H rossi
« |§ |_cuanscren | i |5 o nesis
N EHEE 3| e 8 |z.[3T= z| e
e- |S5]| ]| 5 3 GRAPHIC 2. |B=(8] 2% |5 GRAPHIC
'g E§ £ H HE LITHOOGY L LITHOLOGIC DESCRIPTION T E§ F 2 : £| E | umHoloay L LITHOLOGIC DESCAIPTION
aHHHIREE L 1F Rt HHARHE
3 = 3 f=
! : L 2 1HHEHE £l
a § ; g a = = |& = |8 3
-
a
. CLAY, RADIOLARIAN CLAY, ana ASH =] 1 RADIOLARIAN CLAY and MINOR ASH
8 o™ . w:];rg:l:g vwl:rsﬂ aray 15@" /1) ':| graynh = | ® Colors mowdy light olive gray [8Y B/21 and gray (5
green | ) with some intervaly mone olive gray 1 5/1], Minor brownhh black (SYR 2/1] ash ith
; . . 16Y 5/2), ) _— S Te ™ \ = ‘:\ llmralimu:nlnn af greenish gray (BG 6.-'\? g;::‘:s‘v
t I @ Ash: beids Saction 1, 57 em: blée IN'«’-‘-N‘-I 08- n::- | * 6/3) mud st Section 1, 100 em.
::n"[m.s'l:.m pale nlu;mizasmlﬁ:: s =] ® Aadiolarian clay, structureless except for ash beds. Dis
. has & t lower con 1o Wl " i
contact; Section 2, 110120 cm: grayish bisck [N25; =] e | turbed by drilling and by piang wire.
| Section 3, 125-130 cm: black (N25): Section 5, {q, SMEAR SLIDE SUMMARY [%):
about 48-56 cm: black [25Y/25; and Section & =11 L& 30
black (251, G n A M 0
[ ® Top part of core i clay, bottom i radiclarian clay, = E 'y | Textura:
both have ash layors. Ash layers have well-defined lowar 1 V=% Sand 10 2
om contacts end bioturbated upper contacts. Bigturbation | . S ] 42
2 l faint wxcapt near mh livers. Surface tisrupted and core 2 =] Clay 0 50
- partially factured by plano wire during splitting. 7 Composition:
= - voio Ouartz Tr 1
-] SMEAR 5LIDE SUMMARY %! n Feldsapr 15 =
=] |I) 5 : ] g. 75 Haavy mireraly Tr =
- - Clay 10 50
- Texture: - Volcanic glass 7% 25
B Sand 3 10 10 = | Radiolariany Tr 0
4 Sile 5 5 ] 3
(1] — Clay a2 88 85 AG 1l |
E Compaiion - + a0 Bombs (W1:
3l 3 X Guarts T 1 3 ] 3,80% 0,0
] Faldupar « 3 3 L | 3.93.00
< Heavy minerals ™ T Tr ¢ = 6,13=00
3 Clay a BS o I
™ = Valcariic glans Tr 2 3 7
& | Rudiolarians 4 1w o
8 1 - ] |
= 3 CaCO Bomb-(%): ]
z o™ r | 185200 1 |
5 mE 6,89-00 v =
M 7] 7
B o 3 N = |
-} = —
= 8 AG a |
5 .
vOID = ]
3 4
8|8 |AG = l
AG
5 RP 5 .
2 = l
) -+ "e ma
8[| [ 1" !
2 |
=
H & :
- L -4 |
E ]
s ] |
& H CG =
i 6 . g3 |® s| :
= =1 1
o -
3 cm |
Al 2 I
G ixan| i |
3 o 1 |
3 sal?] 3 i
| P JEB

£vS HLIS
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SITE 543 HOLE CORE 20 CORED INTERVAL 5816.5-5826.0 (mbsl) 189.5—199.0 (mhbsf)
FOSSIL
w | __CHARACTER
M EMAE z| 2
-]
‘T% rﬁ g § ; s E 5 L:’T‘}“!."::;g, o 5§ » LITHOLOGIC DESCRIPTION
£ ilgl2 3
F H % il SofE S H
§ H & B af
]
4 " AADIOLARIAN CLAY and MINOR ASH
W] ® Colars arn mainly olive (5Y 5/3) and subordinate green-
AG| 0.5 v] inh gray (SGY B/1) and olive gray (57 5721, Dark gray
f | IBY 4/1} wh with siteration halo greenish gray [5G
P : /1) at Section 2, 50 cm and Section 3, 110.cm. Grada-
1.0 l tianal change from 5Y 5/3 down 1o light brownftrang
i wown (1.5YR B/4-5M8) in Section 3. Section 4 &
| pale brown [10YR 6/3) 1o light yallowish brown [10YR
B4l
oCore | mortled and swirled, locslly sshy, Cavings
| breccia in 1op 60 om of Sectian 1
SMEAR SLIDE SUMMARY [%):
' 1,120 2,9 3,682
e 2 | -] o o
8 Taxture:
3 . Sand 4 2 2
| sitt ® w15
¥ Clay n B0 B
5 Compasition:
= Feidipar 3 2 1
= Clay n B B
= Volcanio glass Ti Tr -
3 cG Radialaians 26 L] 18
= = Fish remaim - Tr -
2| 2| |» 3
E =
= ol CaC0., Bomb (%);
3
% oo 2,982 0.0
2 3,88=00
§ Note: Core 21, 5826.0-58355 (mbefl  199.0-2085
E E (mbat}: no recovery.
i B| B [AG 1
Ee
ﬁ g
5
AG ICC Rl

SITE 542 HOLE CORE 22 CORED INTERVAL 58355-5846.0 (mbaf) 208.5-218.0 {mbsf)
2 FOSSIL
» & _EIRQG'ER
3 |zule[ale zl =
EEHHEE £l | Rasene LITHOLOGIC DESCAIPTION
'Z |58 g el LITHOLOGY | 3
A H IR T EEEd o
R F+H
= - ! a2
8| 8las 3 e
3 No recovery excopt for small sampla scraped from the top
-1 of tha core bareel,
0.5 ® Light brownish gray (26Y 672} 19 paa oiive {5Y 6/3)
1 7 radiolarian mud.
2|z 1
E 2 o SMEAR SLIDE SUMMARY (%)
= | e cc
> = +]
B s Taxture:
Sand 4
% % £ 6
E Clay kil
Composition.
? Fuldhapr 2
Cany 7
Padiolarisns i
SITE 543 HOLE CORE 23  CORED INTERVAL 5845.0-5854.5 (mbsl) 218.0-227.5 (misf)
2 FOSSIL
« |& | _caracten
- EMAEE HE:
e EHEE ElE | ey L& LITHOLOGIC DESCRIPTION
wd |ZN|Z| 2] % z ﬁ ] (2
I E
= a EAR-2 E
& |2|2]|2|& o
3 RADIOLARIAN CLAY
-1 ®Colors mainly pale alive [5Y B/3], greeniih gray (5GY
o] 5/11; whordinately pale brows (1O0YA 83, olive
1 : [5Y Bf3), gresnish gray [5G 611 and 5/1], light olive
gray I5Y 6721, and clive gray [BY 5/21
1.0 ® Swirled variegated mud, slightly toraminiferal, localty
1 radiotarian. Top of Section 1 breccisted (this probabiy
® = represents Cores 21 and 221
g i 1 SMEAR SLIDE SUMMARY [%):
= 2,13
= 3}
S Texture:
g 4 Sand 1
5| ™ 2 st 12
Clay 87
w‘llﬂﬂ:
Eniehipar 1
= Am| cny a7
9 § Radiolorisn 17
5
N 2 3 €aCO, Bomb %):
3 1,138=00
cc; 2,99+ 00
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543 HOLE CORE 24 CORED INTERVAL  58545-5864.0 (mbsl) 227.5-237.0 {mbsf) SITE 543 HOLE CORE 25  CORED INTERVAL 5864,0-58735 (mbsl) 237.0-2465 (mbsf)
u FOSSIL g FOSSIL
s I | _cwamacten : £ | cHaracten
MEAE z|l e 5 M E1E] z| =
Su | g W F
A H RS urioLoaiosscreTin 2 [E2[E[ETET T 12| 2 | coname GG Ra
ES|E 15 |E8|2 z 5| E | umoogy
A ERHEEE z £ TE A HHEHHBEE +FE
=18 |3 £z = ; = |z HEE HEE
= & L 5 H HEIEE E EH
M ! ]
g b, ) CLAY wansitianal 1o PELAGIC QLAY
® Colars arw greenish gray 15G B/11 and olive gray (BY ' ® Calars of terrigencus cley o olive gray 1BY 5721, grewn-
] 5/2) with igh oiive gray |BY B72), ivh gy ASGY 871, 711, and A1}, wnd light alive griy
= ® Swirled, varieguted mud: swirling i o » drifiing effect. F I5Y 8721, Colors far clay-palagic elay mixtres and pela-
1 = EMPTY Olive gray snd light alive gray precominste. Boundaries P 1 uie clay ate grayish teown 25Y 52 and 8721, and biown
1.0 Betwpens cifidrent eoloes. aryaredstions!. Locally adie (10¥R 673, B/2), aod 75Y 614, Varimgated mottied
-l forfan, Thin thodochicsite leyer at Section 4, 94 cm, clay, swirled by duiliing in upper part, with remaing of
o ® Drllling breccia below Section 4, 130 em (dightly horizontal tayering. Colors in leyers 10-20 em thick
= femer clasny o # Wupy matricl, Sections varme sut a1 with buriowed contact Stightly radiolarian, Fav specks
the battam ol sach of the voids, artifically langthening it
o the com, The voids were each sctually shorter than E
S Hove. 8 SMEAR SLIDE SUMMARY (%)
318
SMEAR SLIDE SUMMARY (%) 5 g %
1 o0 A2 g 2 2 Texture
g M 5| & , e T
Texture: :; = = Silt 4
Sand : - g J=- | Clay 9%
AR Sitt 1B = 8 R - | Compasitian:
s B = Feldhps Tr
Camposivon c/ =] . - Clay o
Faidepir bl = BB |w 3 = ]} Carbonate unipec. 1]
Honry ingey z: = = Radiotarians 4
" Cloy o4 = it —=| <85 Fiah remaing T
D, Volcanie glass 7 =
k] Rudiolarian 2 -
Rhodochrasita - 1 CaCOy :mnb 1xi:
1, 0
€aC04 Bomb (%) 2.55- 00
3
! 2,108 00
4,103=00
4
H AP .
g beno)
S
voio
R/
8ln|p
B =
-4  vo
sl
e —: voio
8 o)
§ R/
g ’ g
R/
0 D

€92
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SITE 543 HOLE CORE 26 CORED INTERVAL 5873.6-5883.0 (mbal] 246.5-256.0 (mbsf] SITE 543 HOLE CORE 27 CORED INTERVAL 5883.0-6892.5 mbsl) 256.0-265.5 (mbsf)
2 FOSSIL g FOSSIL
, z | cuanacter % E _cmnwr%u_
MBE HEA 3 M EMEE HE:
S EE § gl & Llﬁm‘:;_'ggv 5 LITHOLOGIE DESCRIPTION B g ; B4 | (pharme, LITHOLOGIE DESCRIFTION
Slan|z| 2|« o 3 o Z|== ol L &
L7IEN (5218 (B 2 ELEH Y g3EV|215(3 18 (#]2 BEE o
F 2|8 E g HE £
BHHHE ik i AHHHE 3
] =0
] [ i PELAGIC CLAY and RADIOLARIAN PELAGIC CLAY PELAGIC CLAY und MANGANIFEROUS PELAGIC CLAY
" 4 =1 ® Colors: brown (10YR 5/3) mainly, with undertones of -3 I ® Cedars: Bght yellowith biesim [10YR /40 and hight
2 - 0.5 = i groonish gray [5GY 6711 Beginning In Sectian B: light 05 brawn (75YR 8/4). Mingr colars fstreaks, wwirls, and
E WP . | yellomish Drown (10YR B4), reddish yellow (15YR 1 mottles) gray (1OYR 5/2), grayish brown (10YR 572),
—-{1 . /6], and black [10YR 2 5/1), Mn-ttained 1 ] | . wery pale brown (OYR 7/3 and 7741, dark grayish
10 H » Mattied brown ciey: drifling brecsia in Section 1. Then 1 brown (WOYA 4721, dork gray, (IOYR 4/1), and biack
B ] rotationsl shear wirfaces svery 24 cm; bacoming mare VIOYR 2.5/1). Burrowanoitied |ght brows ela
= = ! reddish downwards. Mn staining begiim in Section (=7} 1 ot top, rotational shesr surfaces every 2-5 om, mane
i :F_:— obuious toward b, Darker brovm o base.
—1 | SMEAR SLIDE SUMMARY (%):
1,80 3,80 580 p SMEAR SLIDE SUMMARY {%):
p————0T o [ 5] | .80 328 570
- Taxture: 0 L+ o o
ap — I Silt ] g ;g | Textura:
2 Clay % 2 Sandd 1 2 -
I Gkl = st 0 12
= Ouartz T 1 1 = Cisy & ] -
—— | Fihapr 5 5 5 z E Campasition:
=} = Hewry mineral T - - ] oG E Quarts ] T -
| - Gas Clay a1 a7 78 E E Pt 5 4 -
] Valcamse gas 1 [ ] - it Clay B4 8 -
& Raciatatians 3 B 0 - . Radliolarisn, L] 0 -
£ i [ heno
b CaCO Bomk [%] g Cal0y Bomb (%}
3 . 254500 & 3 7 A | 3,120-00
B, 55 =00 v 5.83-00
3 PP
g
‘6 L AM —— |
(=]
4 4
aln |
Bl B
1 "
: 5 1k
AM = o4 E E
s | E [
s » 5 E 5 .
= AW
R |
oM
3 oG RO
E AM
E 6 rm
e el —=———H _LL
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= T 5902,0-58115 (mbsl) 275.0-284.5 (mbsf}
SITE 543  HOLE CORE 28 CORED INTERVAL 5B825-5802.0 (mbsl] 265.5-275.0 (mbsf) SITE :ﬂ HOLE CORE 29 CORED INTERVA
[ = FOSSIL
; AnAcT % g CHARACTER
8 g |zule[a]3 El 2
Byl i g| & o 2] = GRAPHIC A
§|— Eg £ g -] E GRAPHIC LITHOLOGIC DESCRIPTION "f‘: EE|E E ) HE LITHO oY LITHOLOGIE DESCRIPTION
1Z 12813 g G g vimoloey b p gg HIE g gl & s
w3 e - H 4 E: ! g E
£ |E |313)2 g B E H E
= a8l e i g | E
BHHHE 3 S HEIHE 3
9o
] d RADIOLARIAN FELAGIC CLAY,
£ ] i PELAGIC CLAY ad RADIOLARIAN FELAGIC CLAY ! :fdumc m]:;iwuspsmtc 4 TE
E - ®Coion mainly fight yellawisth beawn (10YR 6/4) Y i umgmq:m ioglo.
i i : I o ylinlorqibioghis S Burivgebip-tin £ J I very pale trown (10YR 7/3-7/4). Minor color: dark
E ! 8 e w.,mmm e, Y E AM ! ] » gray (10YR 411, light brown [25YR 64). Mostly
£ 3 uten e T i § Sections 3, B, and 7 are black {10YR 2.5/1), dork gray
1 ~ . ® Burrow mottled fight yellowish brown to varisgeted g ki 1 e e ety
= o | 4 and 5 are light graenih gray (5GY 7/1), pale ofive
g ® Rotationsd shear surfsces every 2—4 cm g = = SO0 e Pl a
- ki ‘g AM == @ Light brown clay, burmowed vasiegated layers, local
; Mn.oxide 1aining. Faint mattling throughout, Hots.
i e S i tional shess urfaces every 2-5 cm. Drilling tweceiy
1,80 3,80 580 . =
o o B ] 4 a1 bass
ey 3 2| A =N SMEAR SLIDE SUMMARY [%):
§ | s ; - .80 3,70 5104 7,24
Skt 10 8 . ] = : 3 S %
e — Clay B84 B ] - —
e ! Sand 2 5 5 L}
] | Ouartz 1 1 2 3 I St 15 15 15 %
. o ? ) 3 o | Clay 83 80 8 N
—_— Hewry minersls . - .
b g 2 I = Cuartr e L) 1 1 1
= | Vaolcanic glass T 2 = 3 | Foldspar 5 & 4 5
Padialasian w0 5 2% = e & o a e
. -
i Volcana: giass. - = 2 -
B a | . Cali, Bamh (%) 3 =1 : = i d
g it = Radiolasians w® % B W
nsl 3, 58-00 = -
s A ™ | CaCO Bomb (%):
B 2,56=00
E l = 361=10
g ~ |
| g 4 .
4 u o s
e =
k] - 4y
| z pg=——=
£ H =
e S— —
= , —
=
% - 1 11 |
£ = I o - -
E J |
] el 5 =
5 1 .
= | = I
. o, 3 )
4 ot
z E =0 : =
o~ -
: & -~ Gﬂi |
s = = [
5 z g —
(=] ce i L] g = [
o™ o
6 T -
F -
E
=1]
7
AM
AM CC|
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SITE 543 HOLE CORE 30 CORED INTERVAL 59115-5921.0 (mbsll 284.5-294.0 imbsf] SITE 543 HOLE CORE 31 CORED INTEAVAL 5921.0-58305 (mbsl] 2094,0-303.5 (mbsf)
L]
H FOSSIL FOSSIL
s |E CHARACTER . CHARACTE
s L 1
EMAEE 2!l @ g 2 g 2
NEHH Al GRAPHIC b w 5| & GRAPH
T :E HVIE El £ | umiocooy H LITHOLOGIE DESCRIFTION HAEE 2 g w || R LITHOLOGIC DESCRIPTION
S HEEHIREE BEEd 2 £3 (2715 5|28 |8) % e
A HEHE :: £ : =+ FH
HIHEHHE 3 HHHE EH
; o
AM | = MARLY RADIOLARIAN DOZE, RADIOLARIAN CLAY, =1 t RADIOLARIAN CLAY and BROWN CLAY
E and MANGANIFEROUS AADIDLARIAN CLAY ® Calory; very pale beowr {10YR 7/4) and brawn (7 5YR
» ® Colors: mainly very pate brown {10 R 7/4), also grayin E | - B/4), with very datk gray (10YR 3/1) arad 10YR 4/1)
E AW 1 I L] trown (10YR B720, light brown {7.6YR 6/4) (s burrow @ AM ® Alternating vary pale brown radiolarian clays and brown
2 - tills), sedieh. yaliow (5Y B/8), ik grayish brown E ] i . clays. Layers of sach typically mattied by the athar
AM 10 [1OYR 4/2), light yellowith brawn (24Y 6/4) in top 2 & @ Patchy Mn-axide staining, Drilling breccia at very top.
g = | sections, Then: mainly pale brown (10YA 6/3) 10 light = |
(=] =) wellowish brown (10Y R 8/4), with thin lavers of brown i 8.8 SMEAR SLIDE SUMMARY (%h:
" oha {B5YR 6/4) and black (10YR 2.61) manganese-oxide H o | 1.46 1,75
-~ | stainy, = | " o
o wOore and clay, variably stwned by Mn.oxides (Black]. AM Toxturg:
H = ® The brown laysn sre non-radicl and burrowed. M ! Sand 2 B
o] ~ | ® Rotational shear wrfasces svery 3-6 cm. ! L S 5, E=)
3 3 Clay B &
£ M 2 _, %R, SMEAR SLIDE SUMMARY [%): Composition:
] = ™ . 3,70 8,60 Feldspar 1 ™
3 ] | D) o ] o Clay 91 80
¥ - Taatiiu: oleanie glass 2
— g
- ] Sand o 20 2 Radialsrians 4 40
1 - | Site 20 0 a
- Clay o 50 %0
o -~ Composition CuCO Bomb (%):
~] Quartz i 1 T 1,77 =00
—r] | Feldipar 4 4 4 28~00
7] - - Clay 56 45 78
3 = Radiclarians 40 45 15
—~] SITE 543 HOLE CORE 32  CORED INTERVAL 5030.5-5940.0 (mbsl) 303.5-313.0 mbsf)
-
g = I €aC0 Bomb (%h: £ FOSSIL
o o 5,126+ 0.0 « | |_cuamacTer
w i 06 6,82=00 g8 |=.lel% HE
z 5.60 ‘f'g SE(8|F § o Gl L L LITHOLOGIC DESCRIFTION
= 4n|z 2 w "
; = S HHE U & FH
- -3
= ! & |&8]|% g i E ;
=] =i ==
) — -l RADIOLARIAN CLAY
= | e | ® Calors: 25YR 1/2; SYR 4/4, 518, 403, 5/3, ana 5/6;
Al 05 - mainly brown 7.6YR 54, B/4, end 572, 10YR B/3, /2,
E I | =y S/4, B/4, and 8/2). Very minar hght gray [5Y B/1—
alele ] L ¥ — Y 7721, Ight beownish geay (10YR 6721 and light
; 1 e [ greanish gray (SGY 7/1), Varisgated raciolarian clay:
% B — ¥ shades of brown {mainly), pale Brown, reddish brown,
F o yellowith red, and yellowish brown Iveliow mars
= ~ | AG — Important towards basel. Layers of mach color 520 cm
S/, - thick; comacty graditianal and intersittontly burrowsd
£ 5 ' - [planalites type).
=N AG
— b= SMEAR SLIDE SUMMARY [%1:
E o) L5 2,78
E (=] s 2 o o
. | AG * Tasriirn:
3 Sarid 10 8
1 Sile a0 43
M Clay 60 L]
6 = & Composition:
I Quartz ™ 1
J, Clay 0 48
e - ———— 8 AG Rodiotarians @ s
-1 CaC0, Bomb (%)
1
o 3 1,81=00
'& 2.8=00
: AM
E a
§ Ff
=|8|ls|*
E F/
w
&
Fi
w i Lxngl
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543  HOLE CORE 33 CORED INTERVAL 5840.0-5949.0 (minl] 313.0-322§ {minf) SITE 543 HOLE A CORE 1 CORED INTERVAL  5627.0-5637.0 {mbsl) 0.0—10.0 (mbsf)
o FOSSIL g FOBSIL
g | CHARACTER % |% | _EHARACTER
MHE HE: -REMEE HE
23|t 2 ElE | oiiaioey LITHOLOGIC DESCAIPTION e E § Bl B | nae, LITHOLOGIC DESCRIPTION
R g | ¥ g g3 E" HETE g al# 3 Y
§ F 8|5 e R g 5 =+ 5
g |8 z|a B ERHE a 5
] i
E:P | ZEOLITIC PELAGIC CLAY 3 H CLAY AND VITRIC CLAY
® Colon: aternating 1ight yellowih bBrown o pale brown = 11 ® Colors: beown {10YA 673, patches of yellowish brawn
| . (MOYA 6/d-6/3) and yellowish red (5YR 4/6-5/6) 05 I10’\'"‘1:. 514), dl:\;anvr;m;':;ruz Ii_ l:n‘n I:.J:! ::m 4/
® Al geditic, light yellowish brown more 10, 3 sEvish brown and Fight yeliowish rown
! ® Firm clay constitutes driliing blscuits, softer remolded 1 -1 i 110YR 6/4), .I!m a Section 2, 135 cm i3 light brownish
Ff clay contitutes matrix. Some bisculn preserve lamine 19—_ . way (10YR &/2)
WP 1 tions and bioturbation. Surfacs divupted by plans wire, . .Tn-nmuy;:lv |-r-m:‘u b;wn;lw. with yellowsr and
MMAR 7 ranyer iy intervaly and streaks
| voin SMEAR SLIDE SUMMARY (%1: . .
| 1.50 2,90 SMEAR SLIDE SUMMARY (%]
Wi | o M W 213 4%
i Texture: o " ]
H Sant 3 Tr Texture:
§ I ey il 1] 0 Sand 2 a0 3
2 Clay 2 2 Sy ER I
H & . Composition ] i s 5
g 8 | Feldipar T = = Composition
Haavy minerals Tr " 7 Faldspar 2 40 1
Qv o a0 4 - Hewey mingrats Ti 7 ™
Valeanic glass 1 7 i A Clay a5 5 LF
Zealite 4 0 i Wolcanic gas 3 L 2
3 Radiclariang 2 Tr . Radiolariant ™ - Tr
E :; . Fergpmaunesians = 13 -
5 ’ 3 €4C04 Bomn (X1 B Puroturiie e
3 1148 0.0 -
H & k1
i icc L =
543  HOLE CORE 34 CORED INTERVAL 5948.5-5860.0 (mbal] 3225-332.0 (mbsf) E 3
H g
= FOSSIL
7 g CHARACTER g 3 "
g |s AE g 2l 2 a 8 oy
T'g' .'-E § AE I L:‘;ﬁ'&g, = LITHOLOGIC DESCRIPTION R
S E H : E 2 Blp 4 !
- |8 -1 §
HHHBE -1
3 voIio
PELAGIC CLAYSTONE and ZEOLITIC PELAGIC CLAY: -1
STOME
o @ Colars: yellowsh red (BYR B/B), reddish brown (5YR
- 5/4 andt 4/4), pals olive (5Y 8/31, yellowish brown
[BYR B5/8), (CoreCatchar] reddish yallow (7.5¥R
B/6), (ash Section 2, 43 cm) greenish gray (SGY 6/1).
Chunks af red/light brown [lemors realitie] clay: 5
2 wtane in @ matr of ymaller breceisted pisces and muih.
§ ® Chunks preservs lamination and bigturbation, Thin al.
o tared ash at Section 2, 43 cm.
= (]
B wh SMEAR SLIDE SUMMARY (%):
" 1,67 2,44 2,80
g . 5 M o
1 Texture: g
£l - Sand = 2 L]
‘::_’ =", it 3 10 10 §
] Clay a7 L L PP
we|  [CC. % oo L
Ousriz Tr 1 -
Feldspar - 5 Te
Heavy minarsly - Tr
Chay a8 a1 a0
WVolcanic glass - Kl -
Zualite 2 w0 0
Radiglariars - Tr -
Fish remaing Tr - L1
Fe-onhies Tr - Tr

L9t
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SITE HOLE A CORE CORED INTERVAL 5969.0-5868.5 (mbsl) 332.0-3415 {mbsf) 543 HOLE A 4 CORED INTERVAL 6978.0-5987.5 (mbsl) 351.0-360.5 (mbsf)
g FOSSIL 2 FOSSIL
« |2 CHARACTER i CHARACTER
a2 |= plaly z| @ e e lz2l3 § 5 2
ez 1% 2] 5 GRAPHIC = (1 GRAPHIC
‘Tg '-EE E Z E 5 E LITHOLOGY < LITHOLOGIC DESCRIFTION B § g £ E LTHOLOGY . LITHOLOGIC DESCRIPTION
N HHE U : AHHH B :
S HEHHE i MHEHHE EEE
H
ZEOLITIC PELAGIC CLAY AND CLAYSTONE g PELAGIC CLAY AND MANGANIFEROUS PELAGIC
@ ® Calars: thinly shiwmating light yetlowish brown (10YR CLAY
g B8] andd yellowish red [SYR 4/6). Thin layers of green- . ®Colors: mainly yellowish brown [10VR 5M4), manos
] & 1 ith gray [BGY 6/1] a2 Saction 1, 50 snd BS om, Section dark brown [10YR 4/3) munn:‘"mm Very
> 2, 50 end 61 em, wnd Core-Catcher, 16 cm. dork. grayish brown (10YR 3729 | -r:u.n-il, Oine bit
= ® Zoolitie clay and eloyetone. Fiom angd hard chunks in of light greenish gray (5GY 7/1) at Section 1, 80 cm.
- ® Wighly sheared matrix, Rotational shesi swrfaces ® Claystone, sporadically Mn-couide stained,
=) wwwry 2 gm from Section 1, 80-140cm. .;emﬂlnd whesr surfaces evary 36 cm. »
= & Mnustaining oceurs ;0 thin 1o medium parrailelsided o0
SMEAR SLIDE SUMMARY [%): Irregular layvers.
1,50 €C,10 H ® Darkar layirs may cootain lghter oval patches,
2 o o
L Texiure ug SMEAR SLIDE SUMMARY (%I:
cr St 10 0 = " B2 2,70 3,78
P cc Clay L F] Ay M o D
Compasition: WP Tewtura:
Cuarte 1 1 . - 1 1
Fabthpar B ] Sil a 7 5
Heavy minerais T T Cay w2 w2 L
7] B Camposition: o =
= 1 Cuarte T "
e 0 s i oo L
£ 8 Haavy mineral 1
CuCO4 Bomb (%1 i Clay & 92 90
3
2,52-00 £ o) Woleanie glass & 2 4
cC-00 cf Zeolit 2 Tr Tr
W
G0, Bomb %):
1,6
SITE 543 HOLE A co CORED INTERVAL 5968.5-5978.0 imbsl) 341.5--351.0 (mbsf) 3— ge -0
2 FOSSIL
|3 EHARACTER
g = - w
2 EAE 5987.5-5007.0 (mbsl) 360.5-370.0 {mbsf)
ER 2|3 § & BEAMYD 5 LITHOLOGIC DESCRIPTION 543 HOLE & 5 CORED INTERVAL !
z|Ee|. [ = LITHOWDGY | % o
anlzl 2= -3 2 2 = FOSSIL
g2 H % :|3 &)= E 2 L |E EHARACTER
I £ HelE
| R EIHEIE E3 § -MEARBE gl g GRAPHIC
il 2 B A b 'FE £E|2 g ] & LTHOLOGY LITHOLOGIC DESCRIPTION
a 2|2 Bl w “
ZEOLITIC PELAGIC CLAY AND MANGANIFERODUS 3= E ; s Hl = s
PELAGIC CLAY olE |2 i kK §
® Colon: mandy yellowish brown (10YR 5/4), dark yei = o e |8
lowisth brawn {10YR 44}, Subordinately dark groy to 2
b vory dark graylsh brown DIOYR 390 (Mnstainl; light PELAGIC CLAYSTONE
greenizh gray (SG 7/1) naar top, l R ® Colors alternating reddih heown [25YR 4/4) and
@ Firm zelitic pelagic clay with sporadie manganess oAy brawn [7.5YR 4/4),
!; oxide §taining. ﬁp I ® Core cluarly becomes redder downwards,
K ® Aotational sheor surfaces svery 2-5em. N ® Few parches and one thin bed aof light greenish gray
w @ 1n uppermost 40 cm, coherent hamps are sepsrated by | 56Y 1)
= em-thick shear ranes. ®» Claysione, burrowed, rotationsl shear surfaces gwery
5 B ® Dork Mstaining oceurs @ thin to wery thin wavy ] | 2-6 cm freccis at very top of Mnsteined cavings
Vayers excopt o1 base ol Section 2 whare X3 om of elay il | Froomm Turther up Hale,
b Mnatained with large lghiercolored oval patches. I I.
1 { SMEAR SLIDE SUMMARY (%i1:
£ ch SMEAR SLIDE SUMMARY ('%): = | 1,80 370 CC
i 1 1,83 2,00 " D ] o
: o [+] o 1 Texture:
5 o Tuxiure § I W - T -
e S g w18 i | Siit T T
Clay L] a0 B = Clay 95 0% 95
Comgoution: 3 Rl It Comgamtion:
Quartz 1 1 1 wh i uartz T Te T
Feldipar & 5 B Feldspar 4 4 1]
MHeavy mibnevats ™ - r Heivy minarals T Tr -
Clay B4 B4 B8 Gy Mm@
Valcanic gy 1 T Ti " Wolcanic glass 2 2 E
Zeolils g1 5 3 ele | it
E - CaCOy Bormh (%)
CaC0 Bomd (1] B l ¥ 1,845 00
1148 0.0 ] —— " 2,58~ 00
2,101 =00 3 ":' [
v "
______ = H N
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SITE 543 HOLE A CORE B CORED INTERVAL 5997.0-6006.5 (mbsl) 370.0-379.5 imbsf) SITE 543 HOLE A CORE__ 7 CORED INTERVAL  6006.5-6016.0 {mbsl) 379.5-389.0 (mbsf)
B FOSSIL H FOSSIL
x |E |_cHanacten « |& CHARACTER
R EMAE Zl 8 ENEMAE z| w
f'g‘ gs 2 ; g go] (Shasc LITHOLOGIC DESCRIFTION i gs g E 25 (ARArHIG LITHOLOGIE BESCRIPTION
1 w Ml Z|2]a ol
£212715 5| 3 [8| || A HE LR 3
= [= z
I HEEHE M EHHEE i
W
fi
= PELAGIC CLAY FERRUGINDUS MUDSTONE, CALCAREQUS FERRAU.
i 05— » Uniform reddish brown (2.6Y R 4/5) clay, 05 GINOUS MUDSTONE, and MINDR CHALK
E 1 w Rotational shesr wirfsces syary 3-6cm, RP 1 " ® Color mainty durk brown 1o dark reddish brown |1 SYR
|88 (B ® Core sbown |4 lower Eocens, core below ls upper Cre: ;i[ A/2-6YR 3/3). Minor inreguler patches and lsminations
H 10 tacaou. T " ol dark reddish beown (26YH 3/4) and reddish neown
- * (BYR 473, 441, and trown {7.5YR 54} also light
P SMEAR SLIDE SUMMARY (%): browm {SYH 5/8], tie later nannafosst rch
- ® Biowrbated, femuginoas,  sightly  dolomite  {from
o XAD] tocully calesreous muktane,
Tixture: ® Pancakn shaped fragments emhedded In a brecclated
Sl a shaured  matrz. Lager Iragmenty priseive Lurrows
L i“ hes, taw yeus, 1 Same
Compasitian: g fragrments thinky parallel L 5
2 T AP 2 ® Burrow fills fighter brown than murrounding sedinant
Faithpar 5 ® Top of Section 3 has 5 om ol bluish white (58 8/1)
Heavy mingrals 1 L l eary chalk dlso burrowed, Gray (SGY §/1) reduction zonw
Clay ;] 2 “ Iimmedintely below, about 1 em thisk. Cuts scroms bur
Walcatic glats 3 rows i lerruginous clay, Whole core cut by ratationasl
Cate, annatossh T ‘;é shear tarfaces pvery 24 em
.
Cally Bomb (%) 3 ¥ SEMEAR SLIDE SUMMARY i%i:
THT = i e 1,107 38
o M M
Tenture
AP 3 ¢ Sany ™
3 :i! Silt 5 [ e
5 Clay BE B4 100
2 Compaotition:
Feldapar s L -
Huavy minerats L0 -
sl ale 4 };} Clay EA ] 16
v Foraminiters Tr
M| o [xRot Caie. nannafossiiu - - as
CaC04 Bomt 4]
1,96=00
3,700 - 248
SITE 543 HOLE A CORE 8 CORED INTERVAL B016.0-B0255 |mbsl) 339.0-398.5 (mbst)
H FOSSIL
§ - CHARACTER
-4 Z| w -
B EH E 2 g gl g GRAPHIC & LITHOLOGIC DESCRIFTION
'z ZE|: g E i B LITHOLOGY
N HE HHBEE
z e
A HEEE
FERRUGINDUS CLAYSTONE
3 ® Coloi peedomipantly wodish brawn |SYR 473) with
minvor martiing of highter brawn [BYH 63
1 » Fernugenous slightly dolomitic biorerbated cloyitons,
Bl e gle|a o Has deilling bisouits and rotationst sheas surfaces.
|2 @Stightly calcameoue,
8| E
% Z SHEAR SLIDE SUMMARY 1)
£l E 5
Texturs:
silt 8
Clay e
Compesition:
Feldspar 2
e
Dalomiu 4
CaCOy Bomibs (%)
L17=49
1,87 =54

£vS HLIS



SITE 543

270

3

HOLE A

9 CORED INTERVA

6025.5-6035.0 (mbsl) 3898.5-408.0 (mbaf)

ROCK

uNIT
BIDSTRATIGRAFPHIC

TIME -

ZONE

FORAMINIFERE

FOSSIL
CHARACTEH

ANS

NANNOFOSSILS
AADIDLAR
OLATOMS

SECTION

METERS

GHRAFHIC
LITHOLODGY

pger ©

idella - upper Campariian

CM

LITHOLOGIC DESCRIPTION

DOLOMITIC FERRUGINOUS CLAYSTONE

& Color dominantly seddish brown (5YR 4/3) Alio red-
dish brown [EYR 4/4] & dark brown (75YR 22),

® Laminated, mottied, fermugincus, dolomitic claynone.

® Lighter and darker brown laminge have dightly waey,
iuriowed mangir. Burmowing decresses downwaidi and

SMEAR SLIDE SUMMARY [%):
1,33
o
Tenture:
Sity 2
Clay L]
Composition:
Haavy minaraly Tr
Clay g
Dodamite 8

C3C0 Bamb (I
1, 50= 288
1,6= 178

-]
=
m

HOLE A

0 CORED INTERVA

6035.0—-6044.5 (mbal)

408.0-417.5 (mbsf)

TIME — HOCK
UNIT
BIOSTRATIGRAPHIC

ZONE

FORAMINIFERS

=

DSSIL
HACTE

CIATOME

SECTION

METERS

upper Cretaceous (lower Campanian)

lower Companian

2 T |nannorossus 2
LT = |RaDioL

GRAPHIC
LITHOLOGY H

SAMPLES

LITHOLOGIC DESCRIPTION

| e

FERRUGINDUS NANNOFOSSIL CLAY

® Sediment 0=37 cm, \W semple 10 om long wa taken
from below this but basalt wers inadwartentiy placed
in this intarvsl during core praparation,

® Cotans: reddish brown (SYR 4/4], yallowith red (SYR
B, snel thark redaith brown (2.5YR 3/4),

® Hari: Taminated, be led, %
nannofossil clay, Burrows mainly planolites.fke; fow
vertical burrows.

Call, Bomb )
1,38=632
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TEA543A:-10

6048,0- BO54.5 mim: 411 0-417 6 mind

PLAGIOCLASE-OLIVINE MODERATELY PHYRIC BASALT

Four distiner eooling tnit bourdaries are present in this pillow wgusnce, s indlestad by the numbers alanguide
The alteration cofumig, The basalts sre 0 ly altered owlatively to dark brown (10YR &/3)
and dark grayih brown (10YR &/7), with sisration especially intends st the top of the care There s abundant
cafctn wwins I tractunes in mueh of the core, The rocks have B- 10% plagiociass phemocryits a5 1) lange imgular
glomarocrysn up to & mm, 2 small Mmlym with rabular crysals, and 3} indivicusl tebuler or rounded phano-
erysts, Olivine is altared 1oall h | {sapondte?) or 10 reddish iron tyilroxides and cleys.
Crack-filling limeitonss ocoiun in Section 2, plece B8,

Thim Section Descrition

TRAB434.101, 115118 em, pwee 80 Pitlow inteswr, Semple hs '\-lﬂ'& pingioclae D"I!'W'lll and
aliving phenacryiti set in an altered microl|vic Sama are phialy ponod, and hve sphor
ulitic inclusians. Qtheey wre tobular o chumped into glomareryatt, Most ars pactially "a"nml with ealeite, which
furms a vain i jar of the ssction, and flle vericlen In the groundmans, elavs replice gyrooxenes sid glasl?|, snd on
hydroxides replace 1itanomagnatite

TBA-6344.10.2, 112-115 em, ploce BA: Pillaw interiar, The soction han ~10% pagociate phenocryits snd goman
etryais, and < 1% dltenwd oliving phenocrysty, plus ong gain of chromian spinel. 1L 1 interely Sltered 1o reddish
sron hydraxides in the groundman, snd i riddied with calcite, The phennerysts hawe sbundant altgned o cbans
litic: formetly glassy inclusions, some sz rounded, and meny have skeletol margine. They are partially replaced by
calvite and most sre transforned 1o K-dgldsgar. The groundmass s micralite 1o coarsely fan spherubitic in texture,
tait in mostly altered o clays and iron hydronides.

V% sternd

TEA-543A:11

$054.5- 80570 misl 41754200 mas

ALTERED PLAGIOCLASEQLIVINE MODERATELY PHYRIC TO SPARSELY PHYRIC BASALT

Portions of plllow cooling units 4<8 s |n this corg {right mangin of gtersten columnl, merked by datinttive
shinrad glase Glass occurt on the edge af pillaw 4 and an both sdes of an interpiliow limestone (111, pisce 4)
Phenocrysts siw mamly plapoclae, nging up to 5% snd diminithing in sbundance downcorg. Al aton i modar-
ate tn intente with rant ofivine phenocryits altered 1o ciays and iron hydroxides, Glass it replaeed by Bhaith eliys
Cakelte veing are promaient in & numbsr of pieces,

Thin Section Decriptions

T8A-543A-11.1, 50-52 om, peoe BB Pillow infenior, The section his = 5% plagioclse phenocryits and glomerg.
£ryits, plos 2-3 slteced alivines, aod one chromian 1pinel With round, altered, glagt inciutiony. The groundmass is
mierolitic 10 somewhat spherulitic, amd s partislly axidatively altersd to clays and iron bydroxides. Thwre b a cal
cite vein on ore edge, and calcite in some vesclen. Tha vein was first lined with pale grean clays. Plagiociss phena.
crysts are partially ieplaced by cleys and K feldspar, especislly noa the yein

TBABAJA-11-2, BE-81 em, plece S0 Pilow intetior, The section hid enly 1-2% small plegioelsme chenocrysts set
I & mieralitic 10 spharulitic groundmats, Crystsl siam in she groundmas is imallar than i tsction abawe. Altoration
it perwasive, but 0ot a¢ intense as shave with clayy and iron iddes sbundant in the groundmass snd 1iling
rare vesicles. Clays sho legaly replece the plagiocias pherocrysts and many microliies. Only ane crystal (olwine?)
i roplaced by caicite,
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TBAE41A.12

BO57.0-B064.0 mbsl A20,0-427.0 mint

SPARSELY PLAGIDCLASE-OLIVINE PHYRIC BASALT

Piligw coaling units $—18 ware tecoversd in this corm, slong with mudstons and f Hilling lime-
sione in Sections 2 ard 3 respectivaly, The pillow marging are defined by sttorod glass. Nesr soversl pillow marging
are |srge, wall-devaloped shperulites. The rocks sre moderately to intensaly altered, with calcite voins prominemt in
Sections 1 and 3, and & beautiful vein in Section 4, pieces A snd B, Clay mineraly are groon and hiue, snd ram
alivines ire sltored 1o bron hydroxides.

Thin Section Descripticns

78A-543A-12.2, 70-72 om, piece 1G: Pillow inieviar, The secteon s < 1% tny (<7 mm] wbuier plegioc sse micno
phenncrysts in & microlitic, altered, groundmas. Crystals are aligned, nd the plece of rock has an slierstion rend
The basalt siso had small euhedral olwings | < 0.5%) now sitered to reddish iron hydroxides. The grouadmess i
pastiolly roplaced by green and orangs clays, and iron hydroxides, which form discrete patehas up 1o 0.5 nim acron,
The section has & thin crack lined with iron hydroxides,

TEAB43A- 124, 178133 cm, pace 10: Pillow interior. The section conteins 3—4% plagiocism phetiocry s, leser
shired alivine phenocrysts, and several chroma spénel. The goumdmass contiins of soreys of microlite plagiociam
separated by zones of brownish finw spherulitic materisl, The foldspass o tabeilar 1o wbhedial, many having sl
tered or devitrified glam Inchisiom. Most phenocrests s at least partially stared to clays Sreen clays replace 2 tats
wlat ferramagnesian phenocrysts [CPX7) end fill @ number of vesicles, Dlivings ae mplaced by pale yailow clays, The
ourdmas; tex tures arm distinctovly difforent from thoss in Cors 11 and in Com 12, Sectlon 2, plece 16, indieating
that this is a third petrographic and prohably chamical type.
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THA-5434.13

BG4, 0507 3.0 mbal A27.0-436.0 minl

SPARSELY MODERATELY PLAGIOCLASE-OLIVINE PHYRIC BASALT

Plilew coaling units 18-32 are mprewented by the core (e right mangin of alrermion column for ssquence)
Recovery wis extramely high, hence portions of every cooling unit, end sl of most of them, must have boen ro
trieved. The core has well recowsred curved portions of glasry pillow rinds, phis interpillow sediments in snveral
paeces. There are prominent calcite veins and intorpitlow fillings, the latter preserving fresh gless, Alteration seams
mix of oxidative and non-oxkiative, with iron hydroxides and blus green clays nasr glass and in large Iractisres, and
b reen cligs b wmialh fracturen snd pillow interion. Section B hadrownlih alietid rores next 1o fractures,

Thin Section Descriptions

TBA-543A-13-1, 1820 cm, piece 2B: Pillow interios. The section has ~4% plagloclase phenocrysts and lessar ol
wings st in i ol plumaods pl I ard mecrolites, T vl are altered o cliys, and the
proundma s sitared 1o iron hydroxides concentrated in dightly move eryssaliine Tones. The plagioclsms phana-
crysts o tabules and eubedral, sometimes forming clumps, sd many have cormers with dendiitic projections into
the growndmazs. Mot sre tepiscad by el

TEA-E43A.13.3, 70-82 cm, pieca 2B: Pillow interior. The section has - 1% plagloclass microphenocrystt mainky
tabular in form, The groandmas i microlitic, comisting of smal! plagioclase needies and tight bundes of plagivetase-
clinopyronene sheals, with remaining lilets dotted with timanomagnatite, The groundmass textiire i distincily dil
ferent fram that of immadiately adjacent samplos above, baing as crystalling ar mareso, but with small crystals.
Altnration i restricted 1o & narrow vein of green clays snd Mn-oxides| 7).

TEA-B43A-135, 72-75 om, phece 2C: Pillow imterior. Thie section hin ~ 5% plagiociage mnd sitered olivine phano:
cryams st in & sheal spherulite matrix. The . WAL Gecair A8 with sltered olivine, o
nlividusl anbedrai cryitals with skeletsl imtenon, and o ether single crystahi or loose clumps of tabuler euhedra
having comen with dendritic projections, Green clays and fron hydroxides line & narow vein, 111 vesicies, and i
phace olivines, with the green clay generally filling interion of those (farmed after the iron hydroxided), Thers am
mae large olongate micralites and tabulas miciophenocreas in this than in the paious mple,
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i 4 i
5 'g 5 g s 'g i B TBA-5434.14
- & E # & 3 2 2 .5
'E H £ £ e 25 E 6073.0-6075,0 mast 438,0-438.0 mby
Y 2 2 g 5 52 2 ef3 z 3 1
g i 5 g E E é g H 'E. ; s ﬁ& g ; i i g SPARSELY PLAGIOCLASE-OLIVINE PHYRIC BASALT
an £ 58 6 & 3z £ s &3 6z & E &
This shart core containg the remasnder of plllow coaling wnit 32 recovered in Core 13, Thare Is glass ot the bot:
0 — ] [‘]—- 1 M B tom of piece 2 with 3 zone of oxidative alteration nea the ghass. Drilling brecia including bassit chips and bravin
- / / d laystone is at the base of the core.
1 o
. + / Woa * 4 / N Thin Section Description
- o) a / J TBA-543A-14-1, 3740 cm, pisce 2B; Pillow interior, The section containg sbout 5% plagioclase phenocrists and
-— = 18| mierophanocrysts, and ram sitarsd ollvines. The plagiocinse cceur s glomarocryats of lags anhadrsl 1o wibhedral
— e ? (=] * — erystals, one of them inchuding alivine, as large tingiy tobular crystabs, as single rownded erystaly (resorbed enocrysnl,
v /U a8 tingle slongatn subedra, and as locte aggregates of slongate muhedra The groundmaess i fairly coarss grained,
4 T L~ 4 with athi et by anhedral clinogyronene, but giving way to patches of mecrolites and sahrul ites
P "', = J / with abundant titanomagnetites. Alteration oceurs alany one edge, whare the altared olivines are replaced by clays
=] \.‘ _.H:"- * — and iron hydroxide, the groundmass is stained red_ and & remnant of a vein lined with iron hydreoides can be sees,
=3
- ’ Wl ]
b x1
u) A a _ TBABAIAAE
B | ° ? <4 1B a 3 5075.0-6082.0 mbs! 438.0-445.0 mnt
28
50— = b * / - SPARSELY-MODERATELY PLAGIOCLASE OLIVINE PHYRIC BASALT
x| ! i1
- © 1 L2 * ! 4 The eare includes pillow units 33=40 (right margin of altsration column} with up 10 5% plagiocias phenocryst
B &l 5] .2 and rare stered olivine phenocrysts, and, in ong or two pleces, green clinopyroxens phenocrysts, Alteration s
= — 2p| 1 L RS | - moderate with caleita vaing, fractures filled with grmen clays, and reddish oxidired 1ones next to tome fractures
e * B and pillow masging, Calcite Hils interpillow voids, thus preserving glass. In Section §, cooling unit 36 is o confluence
7 o 5T 1 of two pillows with the irregular gliss masgen recovarad intact,
2E| + 2 | o o I
— - -
. o —] 2¢| I Thin Section Daseriptions
7 4 & 1 # % 1 THAS434-15-1, 48-51 em, plece 2C: Millow interior. The section has 2-3% plagioclase phanocryats, inchuding one
| - J’ ETY 1c| + E1 a —_ Iarge eubedeal B mm megacryst. Thare il one pligioclase-clivine glomesoeryst, with the olivine altered ta cliys and
Pl ol / - ac| iron hydroxides. The groundmass consists of skelatal plagiociase microlites in 8 matrix of spherulitic elinopy roxens,
- v © o . titanomagnetite and altered glass. Aheration minetals inchsde potches of green and blusgresn elays, and fron by
o T 8 L] o 4 droxides, distri i the g .
1 l w [__, x1/] = TBA-BA3A-15-3, 100102 cm, piece 3: Pillow interiar. Tne sampbe containg a number of farge (2-3 mm) plagiociass
i - 2o{l = * h and gl yets, some having devit: glass inchusions, lesser altarad olivine phenocrysts, and ann
- R == 9 large clinopyroxens megecryst, Most of the plagioclase phenocrysts ane tabulur, grouped in clusters, or anhedrsl,
= — I 1 The cpx magacryst surrounds smallar plagioclass cryctals. The groundmass consists of microlites of plagiociase,
38| 4 ar & o irnegulr, ic sorays of cl . with derk Itarshs of alwreed glass o skelatal tianommegnetite
. EH G 3 * Ei T % Dt 113 4 in betwaen, Olivinas and portions of the are ruplaced by p o dark tirown elays
i ~ 7BA.543A-15-5, 0002 cm, piece 3C: Pillow intarior. The sscri ir ~5% plagioel and glomer-
- - oeryits, with lisses sliered olivine phanoerysts (one containing two chromian spinels) and several clinopyrozens
Ly VH3 of partions of . The plags wh inchude with Inelu-
€l —— pa il v ¥ gac: glan
T - a Pl = tiom and tabular orystaly forming loose clumps or individual erystale. The clinopyrowene crystals are sommwhat
- - T rounded, The groundmaess is similer 10 that of Cors 15, Section 3, pisce 3 except it is mors sltarad to brown cleys,
I 4 T I and & travorsad by 3 vains, ona sarlier farmed and filled with brown clays, two later formed and filled with calcifa
= AR
- st - ? -
] O 1 B -
- / 5 T /ln =
a
] | Bt 7 b ]
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SPARSELY PLAGIOCLASE-OLIVINE PHYRIC BASALT

Piliow cooling unita 41-59 were racaversd in this cor inumbars at right margin of altaration columnl, Pligio-
cleie phenocrysts lorm up to 5% of the rock and there are rare, altered, olivine phenocryati. The contact betwesn
pillow cooling units 45 and 46 was recoversd intact. Alteration (v modarate, with brownish zones next to glass, snd
fractures lineel with calcite, green clays, and iron hydeoxider, There i & groundmass textural contrast in Saction 3,
egpeating contiastang chimical types [between piecas 8 and 7). Calorte prosare glis ot pillow margna

Thin Section Descrigtionm

T8A542A.16.1, 8902 cm, piecs 20 Pillaw intmiior, The soction contans ~3% plagioclase phonosrysts snd g
marocrysts, with rare altered oivine phanocrysts and portions of glomarocrysts, Plagioclase phenacryits may contain
davitrified glass inclusions snd Torm crystals up to 3 mim long. Most, however sre tabutar, mitedral, and nlongate.
The grountdman comiits of slongate Wweletal plagiociae microlites separated by 2 fine grained mesostasis of iphen.
litie chinopyroxene, titanomagnetite, and sltered gliss, dack brown in color, Rare wesicles are fifled with groes and/or
brown cleys, and colcite fills siteration voidi in olivines. A caicite vein crossss one comer of the section, and the
hasalt is maone altered near it
THA-543A-16-3, 10B-111 om, piece 7' Pillow intevior, The wetion he 3-X% laege plagiocles megacrysts with
1-2% atditional clongale, tabula phenocryity. There ure aiso & few altered ol wine phenceryste The clgiocise
magacryses have devitrified glass inclutions. The groundmasss has sbout 20% very elangame skeleral plagiocisse micsa
Tites, with the remasndes gither g sheal spl L, or morg crystalline sprays of sugite between which
octur atterad glas and Tiranomagnesite, Diivines are replaced by brown o vivid green slays, Pale brown and paie
treen clays also 1l or partty 11 vesicles in concentri: favers, One vesiche alo hin calcite,
TBA5434-16.7, B0--B4 cm, piece JA: Pillow vim, The section has a 1 om glassy edye and stcceiiive more eryitaling
spharulite zonas sway from the glass. Thare are several (ags weQCry I and , il AcaTtaned
tabular phenccrysts, Ona megacryst in the glass i riddled with ghess incluiions, A& glomerocryat near the giess has
hat ofivine almaost antitely altered ta clays, a0 plageoclase to teolite, with a single large chramian spined 11l pre
servned, Some fresh, small, olivines and clinagyroxenes o still retained in the glass, and Mere s one plagicciasy
kL yit. A faw Ll fully rounded. Almsration it mainly axidation af iphen
Iitie: 7ones, which ar dork reddish brown o3 8 result, and formation of clay: sealite veir in the glass, Vencies in the
spharuiitic zones sre lked with caleite.
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