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11. SITE 704

Shipboard Scientific Party?

HOLE 704A

Date occupied: 25 April 1987

Date departed: 27 April 1987

Time on hole: 1 day, 18 hr

Position: 46°52.757'S, 7°25.250'E

Bottom felt (rig floor; m; drill pipe measurement): 2542.8
Distance between rig floor and sea level (m): 10.50

Water depth (drill pipe measurement from sea level; corrected m):
2532.3

Total depth (rig floor; corrected m): 2825.5
Penetration: 282.7

Number of cores: 30

Total length of cored section (m): 282.7
Total core recovered (m): 224.55

Core recovery (%): 79

Oldest sediment cored:
Depth sub-bottom (m): 273.37
Nature: nannofossil ooze
Age: late Miocene
Measured velocity (km/s): 1.578 at 233.7 mbsf

HOLE 704B

Date occupied: 27 April 1987

Date departed: 3 May 1987

Time on hole: 6 days, 4 hr

Position: 46°52.785'S, 07°25.231'E

Bottom felt (rig floor; m; drill pipe measurement): 2542.8
Distance between rig floor and sea level (m): 10.50

Water depth (drill pipe measurement from sea level; corrected m):
2532.3

Total depth (rig floor; corrected m): 2825.5
Penetration: 671.7

Number of cores: 72

Total length of cored section (m): 671.7
Total core recovered (m): 502.75

Core recovery (%): 74

Oldest sediment cored:
Depth sub-bottom (m): 671.7
Nature: limestone
Age: early Oligocene
Measured velocity (km/s): 4.071

1 Ciesielski, P. F., Kristoffersen, Y., et al., 1988. Proc. ODE Init. Repis., 114:
College Station, TX (Ocean Drilling Program).

2 Shipboard Scientific Party is as given in the list of Participants preceding the
contents.

Principal results: Site 704 is located on the southern part of the Meteor
Rise (46°52.757'S, 07°25.250'E; water depth of 2532.3 m), an aseis-
mic ridge formed by extensive Paleocene-Eocene volcanism at a
propagating extension of the Mid-Atlantic Ridge. The Leg 114 ma-
jor objectives of determining the age, nature, and early subsidence
history of Meteor Rise and its conjugate feature, the Islas Orcadas
Rise, were largely met by drilling at Sites 702 and 703. For this rea-
son, Site 704 was located on a region of the Meteor Rise where a
maximum thickness of Neogene and upper Paleogene sediment could
be obtained in order to provide a high-resolution paleoceanographic-
paleoclimatic record of an interval not well represented at the pre-
ceding Leg 114 sites.

Two holes were drilled at Site 704 using the advanced hydraulic
piston corer (APC) and extended core barrel (XCB) coring systems.
Hole 704A was cored continuously (16 APC cores, 14 XCB cores)
through an upper Miocene to Quaternary sequence to a depth of
282.7 m below seafloor (mbsf), with a recovery of 224.55 m (79.4%).
After offsetting, Hole 704B was cored continuously (15 APC cores,
57 XCB cores), penetrating 671.7 m of lower Oligocene to Quater-
nary sediments, for a recovery of 502.75 m (74.8%). The composite
section of both holes recovered more than 99% of the upper Mio-
cene to Quaternary sequence above 282.7 mbsf. Coring operations
were suspended to allow 2 days for logging and a half day for testing
of the Navidrill system prior to departure from this last leg site to
Mauritius. Three logging runs were made using the seismic-strati-
graphic, lithodensity, and geochemical combinations. Site 704 was
occupied between 25 April and 3 May in generally high seas.

Site 704 was a fitting end to Leg 114, After our recovery of thick
Paleogene carbonate sequences at the preceding sites, a thick, mixed
carbonate and biosiliceous sequence of Quaternary-early Oligocene
age was obtained at Site 704. This recovery in conjunction with the
previous sites constitutes a remarkably complete representation of
the Upper Cretaceous-Quaternary, most of it carbonate bearing. Site
704 is potentially a very important reference section for the interpre-
tation of the Neogene southern high-latitude paleoenvironment. The
Neogene sequence at this site is the thickest (~576 m) and most
complete section at high southern latitudes that is characterized by
(1) the presence of carbonate throughout, which offers an extended
stable isotopic record of planktonic and benthic environments; (2)
little or no terrigenous component; (3) the continuous presence of
all calcareous and siliceous microfossil groups; and (4) a relatively
complete paleomagnetic record.

The two units and six subunits recovered at this site dramatically
reflect the major stages of Neogene paleoclimatic evolution. The
characteristics and ages of these subunits are as follows:

0-101.7 mbsf: a wide range of biogenic lithologies between diatom
ooze and calcareous ooze, with large variations in carbonate
content, of latest Pliocene to Quaternary age (Subunit 1A);

101.7-175.7 mbsf: dominantly calcareous ooze with a biosiliceous
component and large variations in carbonate content, of late
Pliocene age (Subunit IB);

175.7-251.7 mbsf: diatom-bearing calcareous ooze, which becomes
more siliceous between 219 and 251.7 mbsf, of late Miocene-
late Pliocene age (Subunit IC);

251.7-451.2 mbsf: uniform nannofossil ooze with a minor biosili-
ceous component, of latest early Miocene to latest Miocene
age (Subunit 1D);

451.2-491.2 mbsf: micrite-bearing nannofossil chalk with a minor
biosiliceous component, of early to latest early Miocene age
(Subunit I1A);

491.2-671.7 mbsf: micritic nannofossil chalk with a minor biosili-
ceous component, of early Oligocene to early Miocene age.
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Sedimentation rates for the Oligocene portion of Hole 704B (32/
34 Ma to 23.7 Ma) were about 8-10 m/m.y. Early Miocene (23.7-
16.5 Ma) sedimentation rates were also high (~20 m/m.y) but
dropped to ~11 m/m.y. during the early middle Miocene (~ 16.5-
14.5 Ma). A hiatus of 5 to 6 m.y. separates early middle Miocene
sediments (14.5 Ma) from overlying early late Miocene sediments
(~9-10 Ma). After formation of this hiatus, there was an extremly
high sedimentation rate of as high as 100 m/m.y. during a brief span
of the early late Miocene (~ 10-8.5 Ma). Sedimentation was again
interrupted during the late Miocene, forming a second hiatus with
bracketing ages of —8.5 and 6.5 Ma. With the resumption of sedi-
mentation, there were not further apparent interruptions in sedimen-
tation throughout the remainder of the late Miocene (~6.5-5.3 Ma)
with an average sedimentation rate of 45 m/m.y. The early to early
late Pliocene (5.3-2.8 Ma) sedimentation rate declined from that of
the late Miocene but was still relatively high at 22 m/m.y. A third
but brief hiatus occurs in the late Pliocene between sediments with
an age of ~2.9 or 2.8 Ma to 2.5 Ma. Above this youngest hiatus,
high sedimentation rates of ~82 m/m.y. were recorded for the mid-
dle late Pliocene-late Quaternary (~2.5-0.4 Ma). A precipitous drop
in sedimentation rate (to ~9.0 m/m.y.) ocurred by 400 k.y. ago, re-
sulting in the deposition of only 3.5 m of sediment since that time.

In contrast to the other Leg 114 sites, Site 704 remained north of
the Antarctic Convergence Zone (ACZ) throughout most of the Mi-
ocene without experiencing major periods of nondeposition or ero-
sion associated with the opening of the Drake Passage. The Oligo-
cene to middle Miocene was a period of environmental stability with
nearly continuous productivity dominated by calcareous microfossil
groups. Little change in sedimentation occurred during the middle
Miocene; however, cooler water assemblages of calcareous nanno-
fossils began appearing by 13 Ma. A more pronounced cooling trend
began during the late Miocene (~9.0 Ma), after which there is a
strong cyclicity in the sediment record, as seen in carbonate fluctua-
tions and in the geochemical logs. A severe cooling episode occurred
during the latest Miocene (~ 6.5 Ma to earliest Pliocene), which was
followed by the last, brief period of climatic stability during the
early to mid-Gilbert chron.

During the late Pliocene { ~2.9 Ma) the ACZ moved closer to
Site 704, leading to an increase in the deposition of biogenic silica
and the advent of strong cyclic sedimentation. Late Pliocene-Qua-
ternary cyclic deposition was controlled primarily by glacial-inter-
glacial fluctuations in calcareous and biosiliceous productivity. Log-
ging results and detailed carbonate analyses confirm the presence of
a strong, high-resolution climatic signal with cycles on the scale of
tens of thousands to hundreds of thousands of years. The isotopic
stratigraphy, paleontology, sedimentology, and logs of this site should
provide an unequaled southern high-latitude reference section of late
Neogene climatic history.

BACKGROUND AND OBJECTIVES

Site 704 is located on the central southern part of the Meteor
Rise, an aseismic ridge that abuts the Agulhas Fracture Zone
and extends for over 350 km southeastward, widening from
about 100 to 170 km. The rise has a rugged topography and a
general relief of 1-2 km, with several seamounts that reach 1100
m below sea level (mbsl) or shallower. The Meteor Rise was not
recognized as a major bathymetric feature, at least in the pub-
lished literature, until recently, but it forms the western bound-
ary of the Agulhas Basin (LaBrecque and Hayes, 1979) and de-
termines the pattern of Antarctic Bottom Water (AABW) flow
within the basin (Tucholke and Embley, 1984). LaBrecque and
Hayes (1979) also pointed out a possible dual tectonic relation-
ship with the Islas Orcadas Rise.

During the Maestrichtian, the spreading axis in the Agulhas
Basin shifted westward and reduced the offset in the Falkland-
Agulhas Fracture Zone from over 1000 km to near the present
distance of about 240 km (LaBrecque and Hayes, 1979). The
Meteor Rise and Islas Orcadas Rise were formed by excessive
volcanism at the new spreading center, becoming conjugate ridges
as seafloor spreading progressed (Fig. 1). The presence of the
rises at the ridge crest represented a major shallowing of the
Mid-Atlantic Ridge segment abutting the Falkland-Agulhas
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Fracture Zone and constituted major obstacles to deep and in-
termediate oceanic circulation, particularly during the early Pa-
leogene. Subsequent seafloor spreading and thermal relaxation
of the oceanic crust opened a gateway for deep oceanic commu-
nication between antarctic water masses and the South Atlantic
Fig. 1).

( gl"hv.e rugged basement relief (~1 km) and depositional envi-
ronment on the Meteor Rise contrast strongly with the relatively
smooth topography and conformable sediments of the Islas Or-
cadas Rise. On the highest part of the Meteor Rise, pelagic sedi-
ments deposited under strong bottom-current control have
smoothed the volcanic relief and formed large sediment drifts
on the lee side of the major seamounts.

Site 704 is located at 46°52.758'S and 07°25.231'E in a wa-
ter depth of 2532.3 m (Figs. 2 and 3). The acoustic stratigraphy
is characterized by a 0.1-0.3-s-thick (two-way traveltime—TWT)
highly reflective upper unit that overlies a thick, more weakly
stratified section, which locally may reach a thickness of 0.5-
1.0 s (Fig. 4). In some places strong basal reflections are present
about 0.2 s above basement. Gentle folding, increasing in am-
plitude downsection, is observed across the whole site survey
area. The presence of folds above areas of relatively flat base-
ment suggest that they may have resulted from differential com-
paction and tectonic movements, rather than from large-scale
sliding. We note that although the syncline is flanked to the east
by seamounts that extend up to 1000 m above the plain, the
thickness of the individual seismic units appears remarkably
symmetric with respect to its axis. Therefore, sediment trans-
port by mass flows into the syncline from the east must have
been of minor importance. The objectives of this site focused
on the Neogene part of the sediment section and aimed at strati-
graphic overlap with the Eocene and Oligocene sediments
drilled at the companion Sites 703 and 702 on the conjugate
Islas Orcadas Rise.

The location of Site 704 is between the present Subtropical
Convergence and the ACZ, but still within Subantarctic Surface
Water (SSW) entrained within the Antarctic Circumpolar Cur-
rent (ACC). The northern edge of the ACZ is at a latitude about
2.5° south of Site 704 and is characterized in this region by a
drop in surface temperature of 1.5°-2.0°C over a distance of
126 km (Lutjeharms and Valentine, 1984). Approximately 5° to
the north (42°S) is the Subtropical Convergence, the region
where SSW subducts northward beneath Subtropical Surface
Water to form the South Atlantic Central Water. Site 704 is posi-
tioned near the mean position of the subantarctic front, which
is expressed as a subsurface temperature gradient between 3°
and 5°C. Sea surface temperatures over the Meteor Rise today
average 6° to 7°C; we measured sea surface temperatures on site
of 6.3°C.

Site 704 is in a region of the southern South Atlantic where
sea surface temperature anomalies for today vs. the last glacial
maximum are 2° to 3°C. Based upon studies of piston cores
from the region, the Meteor Rise remained immediately to the
north of the maximum extent of sea ice during glacial episodes,
where pelagic carbonate sedimentation most likely persisted
through glacial-interglacial cycles (Hays et al., 1976). The closer
proximity of the ACZ during glacial episodes probably caused a
decline in microfossil diversity and an increase in the accumula-
tion of biogenic silica at this site.

This region of the eastern South Atlantic is north of where
North Atlantic Deep Water (NADW) converges with Circumpo-
lar Deep Water (CPDW). The influx of NADW into this region
is clearly seen as a deep salinity maximum east of the Mid-At-
lantic Ridge (Gordon and Goldberg, 1970). Bottom-water tem-
peratures of 2.0° to 2.5°C were measured by a heat flow ther-
mistor at Site 704 and are in close agreement with expected tem-
peratures of NADW. Because the seafloor is overlain by NADW
and SSW, the stable isotopic record of Site 704 may provide a
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Figure 1. Reconstruction of the subantarctic sites of Leg 114 for the late Paleocene and middle Eocene. Spreading center location based on

magnetic anomaly locations. Supporting data from OMD Region 13 Synthesis (LaBrecque, 1986). Bathymetry in meters.

623



SITE 704

46°S

—\  C2710

Site 7040 N\ \ [
“ SN _}Site 703 |
L |

PN\ |

48° L 1

6°E 7° B8° go°
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seismic-reflection line shown in Figure 4.
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Figure 3. Bathymetric chart of the subantarctic South Atlantic showing the location of Site 704 and other Leg 114
sites. Contour interval 1500 m.

means of evaluating the temporal relationship of glacial-inter- better and Ciesielski, 1982). No apparent disconformities exist
glacial fluctuations of the Northern and Southern hemispheres. below the high productivity zone near the polar front. Fracture

Piston cores taken to the south and southeast of the site indi- zones breaching the Southwest Indian Ridge between 20° and
cate that while CPDW is scouring the crest of the Southwest In- 30°E allow AABW to enter the West Agulhas Basin, from
dian Ridge, deposition is taking place on its north flank (Led- where it flows to the northwest along the eastern side of Meteor
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Figure 4. JOIDES Resolution single-channel seismic-reflection profile (Conrad cruise 2710) with the general location of Site 704. Location of line is

shown in Figure 3.

Rise (Fig. 5). The clockwise gyre creates a scour zone along the
basin perimeter (Tucholke and Embley, 1984).

The rationale for drilling on the Meteor Rise was to test
models for its origin in a plate tectonic framework (Site 703)
and to investigate its influence on paleocirculation (Sites 703
and 704). The specific objectives of Site 704 were

1. tointerpret the influence of the shallow Paleogene Meteor
Rise, Islas Orcadas Rise, and the adjacent fracture zones on
oceanic communication between the high and temperate lati-
tudes of the South Atlantic;

2. to document the development of the ACC and the history
of major northward excursions of the polar front during the Ne-
ogene;

3. to interpret the vertical temperature structure of Paleo-
gene water masses;

4. to obtain a lengthy Neogene carbonate record reflecting
simultaneous fluctuations of the characteristics of SSW and
NADW, thereby allowing a comparison of glacial-interglacial
fluctuations in both hemispheres;

5. to integrate biostratigraphic zonal schemes of high and
temperate latitudes;

6. to calibrate subantarctic biostratigraphy to the geomag-
netic polarity time scale (GPTS);

7. to document the evolutionary history of high-latitude bi-
ota.

OPERATIONS

The transit from Sites 703 to 704 was to be relatively unevent-
ful because Site 704 was just a few miles away, going from the

upper slope of a seamount to an adjacent plain on the Meteor
Rise. The site location was distinctive and covered a relatively
large area, and seismic data were acquired underway to tie the
two sites together. With Site 703 successfully completed, the
deeper objectives at Meteor Rise had been met, and our investi-
gations at Site 704 focused on the younger part of the section.
All went according to plan as the vessel passed over the loca-
tion, and the beacon was dropped at 1100 hr on 25 April 1987.
The vessel continued past the site for another 2 nmi. The sedi-
ments, however, continued dipping westward; therefore, the up-
per part of the section continued to increase in thickness. The
co-chiefs requested continued surveying on the same course to
locate the maximum thickness of the upper sediment sequence.
We decided to move the site to a new location where the sedi-
mentary section of interest was twice as thick, and the seismic
gear was retrieved after 1.5 hr. The vessel returned, and a new
beacon was dropped at 1245 hr to initiate the final site of the
leg.

After dropping the second beacon, the thruster pods and hy-
drophones were lowered. In less than an hour the vessel was op-
erating in dynamic positioning mode, and the rig crew began to
pick up the outer core barrel (OCB) assembly. A nonmagnetic
drill collar was used because we planned to orient cores from at
least one hole. Because the lockable float-valve assembly had
sanded up on both previous deployments of this leg, a mechani-
cal bit release (MBR) was run below the OCB assembly.

Again, prior to running in the hole, a Navidrill test was con-
ducted on deck. This test was required to ensure that the mud
motor had not been damaged pumping past the stator while the
bearing sub was jammed and unable to rotate. The test demon-
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Figure 5. Generalized depositional regime of the basins around South Africa and the relation to bottom circulation. Meteor Rise is added to
this representation because its existence was not known at the time of study by Tucholke and Embley (1984). 1 = core of circum-basin ero-
sional zone; 2 = basement exposed by current erosion; 3 = sediment wave field; 4 = zone of thin sediment along the mid-oceanic ridge axis
and beneath ACC; 5 = thick sediment drifts with weak acoustic laminae; 6 = generalized bathymetric contours as labeled (4500 m is a dashed
line); 7 = limit of thick, moderately laminated drifts of diatomaceous sediment extending north of the polar front; 8 = glide plane scars at the
head of slumps and slides; 9 = approximate seaward limit of slumps and slides; 10 = seamounts; 11 = piston cores of pre-Quaternary out-
crops (from L to R, top to bottom: Pliocene, Miocene, Oligocene, Eocene, Paleocene, and Cretaceous); 12 = manganese nodules/pavement
observed in bottom photographs; 13 = current direction from bottom photographs; 14 = direct current measurements; 15 = flow of AABW

inferred from bottom-water potential temperature.

strated that the coring system was indeed functioning suffi-
ciently to core through the steel cover plate on the rotary table.
Operating pressures were still somewhat below normal but not
as much as was experienced downhole on the earlier deploy-
ments. Assured that the tool was performing correctly, we laid
down the hardware and picked up the rest of the bottom-hole
assembly (BHA).
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At 0155 hr on April 26, Hole 704A was spudded in a water
depth of 2532.3 m (Table 1). Continuous, oriented cores were
recovered with the APC system through Core 114-704A-16H,
when an overpull of 80,000 Ib was recorded. The coring opera-
tion was switched over to XCB mode, following a core recovery
of 99% with the APC. Hole 704A was terminated at 2815 m
(282.7 mbsf) after five consecutive cores (114-704A-26X to 114-



Table 1. Site 704 coring summary.

SITE 704

Table 1 (continued).

Local Local
Date time Depths Cored Recovered Recovery Date time Depths Cored Recovered  Recovery
Core (Apr. 1987) (hr) (mbsf) (m) (m) (%) Core (Apr. 1987) (hr) {mbsf) (m) (m) (%)
Hole 7T04A: Hole 704A (cont.):
1H 26 0210 0.0-7.2 7.2 7.28 101.0 48X 28 2115 441.7-451.2 9.5 4.57 48.1
2H 26 0310 7.2-16.7 9.5 9.66 101.0 49X 28 2150 451.2-460.7 9.5 8.00 84.2
3H 26 0400  16.7-26.2 9.5 10.00 105.2 50X 28 2320 460.7-462.7 2.0 1.23 61.5
4H 26 0510  26.2-35.7 9.5 8.29 87.2 51X 29 0045  462.7-472.2 9.5 1.69 17.8
SH 26 0620  35.7-45.2 9.5 9.43 99.2 52X 29 0115  472.2-481.7 9.5 7.69 80.9
6H 26 0720  45.2-54.7 9.5 10.00 105.2 53X 29 0415 481.7-491.2 9.5 4.90 51.6
TH 2 0825  54.7-64.2 9.5 8.85 93.1 54X 29 0510  491.2-500.7 9.5 9.81 103.0
8H 26 0910  64.2-73.7 9.5 9.02 94.9 55X 29 0550  500.7-510.2 9.5 9.44 99.3
9H 26 1000 73.7-83.2 9.5 9.60 101.0 56X 29 0630  510.2-519.7 9.5 6.39 67.2
10H 26 1100 83.2-92.7 9.5 10.06 105.9 57X 29 0735 519.7-529.2 9.5 4.32 45.5
11H 26 1140 92.7-102.2 9.5 9.81 103.0 58X 29 0920  529.2-538.7 9.5 9.02 94.9
12H 26 1245 102.2-111.7 9.5 9.16 96.4 59X 29 1010 538.7-548.2 9.5 6.70 70.5
13H 26 1415 111.7-121.2 9.5 9.78 103.0 60X 29 1100 548.2-557.7 9.5 8.52 89.7
14H 26 1507 121.2-130.7 9.5 8.58 90.3 61X 29 1230 557.7-567.2 9.5 3.03 319
15H 26 1635 130.7-140.2 9.5 9.78 103.0 62X 29 1345 567.2-576.7 9.5 8.59 90.4
16H 26 1810 140.2-149.7 9.5 8.70 91.6 63X 29 1500  576.7-586.2 9.5 8.13 85.6
17X 26 1930 149.7-159.2 9.5 9.21 96.9 64X 29 1615 586.2-595.7 9.5 4.61 48.5
18X 26 2010 159.2-168.7 9.5 8.84 93.0 65X 29 1730 595.7-605.2 9.5 4.51 47.5
19X 26 2045 168.7-178.2 9.5 9.59 101.0 66X 29 1910 605.2-614.7 9.5 1.01 10.6
20X 26 2125 178.2-187.7 9.5 9.68 102.0 67X 29 2015 614.7-624.2 9.5 1.58 16.6
21X 26 2203 187.7-197.2 9.5 5.67 59.7 68X 29 2145 624.2-633.7 9.5 3.65 38.4
22X 26 2245 197.2-206.7 9.5 8.13 85.6 69X 30 1710 633.7-643.2 9.5 1.20 12.6
23X 26 2345 206.7-216.2 9.5 8.10 85.2 70X 30 1930 643.2-652.7 9.5 2.60 27.3
24X 27 0030  216.2-225.7 9.5 8.11 85.3 71X 30 2100 652.7-662.2 9.5 3.95 41.6
25X 27 0110  225.7-235.2 9.5 8.78 92.4 72X 30 2245 662.2-671.7 9.5 4.61 48.5
26X 27 0145  235.2-244.7 9.5 0.00 0.0 19 50218
27X 27 0220  244.7-254.2 9.5 0.06 0.6 : .
28X 27 0315 254,2-263.7 9.5 0.00 0.0
29X 27 0400  263.7-273.2 9.5 0.21 2.2 704A-30X) recovered a total of only 0.44 m of core. This hole
et & 0465, IA-IRAT 93 0.17 1.8 has the same type of lithology as Hole 703A, where similar re-
282.7 22455 covery problems were experienced. The hole was displaced with
Hole. 704B: heavy mud and the pipe pulled out of the hole. At 0645 hr the
1H 27 0825 0.0-6.7 6.7 6.75 101.0 bit cleared the seafloor to end Hole 704A.
a 22 B bpdez 93 SR 546 After offsetting the vessel 10 m to the east, Hole 704B was
3H 27 0925  16.2-25.7 9.5 10.03 105.6 .
4H 27 1000 25.7-35.2 9.5 872 91.8 spudded at 0810 hr on 27 April. The water depth was deter-
SH 27 1030 35.2-44.7 9.5 9.62 101.0 mined to be 2532.3 m. Continuous coring with the APC, this
H Ll 1100 44.7-54.2 9.5 1010 106.3 time without orientation, continued through Core 114-704B-
7H 27 1135 54.2-63.7 9.5 9.68 102.0 15H. R ble 98% . To b the safi
8H 27 1216 637-73.2 9.5 4.96 22 SH. Recovery was a very respectable 0. e on the safe
SH 27 1330 73.2-82.7 9.5 9.96 105.0 side, we switched to coring with the XCB system one core short
105 21 1425 82.7-92.2 9.5 9.78 103.0 of the APC-recovered depth in Hole 704A. The XCB system
11H 27 1500 92.2-101.7 9.5 9.98 105.0 : : i
12H 27 1540 101.7-1112 9.5 0.38 98.7 also performed with admirable core recovery until the recovery
13H 27 1618 111.2-120.7 9.5 9.83 103.0 of Cores 114-704B-19X to 114-704B-22X. This interval was 50
14H 21 1700 120.7-130.2 9.5 9.75 102.0 m above the low-recovery zone in the previous hole, and the
15H 27 1750 130.2-139.7 9. 10.31 108.5 : :
16X e 1920 139.7-147.2 =% oz 16 cause of the almost total lack of recovery was not immediately
17X 27 2007 147.2-156.7 9.5 8.62 90.7 known. Weather conditions had been deteriorating for most of
18X 27 2055 156.7-166.2 9.5 9.18 96.6 the afternoon, and excessive vessel heave may have been parti-
;g)’é ;; gg’; el g; ;ﬁ o ally responsible for low recovery because low bit weights were
21X 27 2255 185.2-194.7 9.5 0.00 0.0 required to core the reasonably soft formation. It was apparent
22X 27 2335 194.7-204.2 9.5 1.37 14.4 that drastic measures were required if any recovery was to be
2X 28 0020  204.2-213.7 9.5 9.70 102.0 had at all in this interval. Because the formation appeared to be
24X 28 0100  213.7-223.2 9.5 9.84 103.0 A
25X 28 0145 223.2-232.7 9.5 9.9 104.0 extremely water soluble, a 93/s-in. inner barrel sub was used to
26X 28 0220  232.7-242.2 9.5 6.98 73.5 extend the XCB cutting shoe farther ahead of the main XCB
o o perrillicep it S o a9 jets. This was an extremely risky proposition, and we kept a
20% 28 0415 261.2-270.7 95 972 102.0 close eye_on_lhe breakout torque of the cutting shoes, as well. as
30X 28 0500  270.7-280.2 9.5 10.42 109.7 for any significant wear. The drillers were alerted to stop coring
31X 28 0540  280.2-289.7 9.5 9.72 102.0 i f a hard or penetration-
Yk e 0605 389.7.9005 oy s s anq pull a barrel e.arly at fhe first sign o I? ard ptal
#x 28 0645 299.2.308.7 9.5 9.89 1040 resistant layer. This technique worked well, and a total recovery
34X 28 0750  308.7-318.2 9.5 9.95 105.0 of 102.5% was achieved using the long extension sub. We tried
;5’; ig g—"“ 318.2-327.7 9.5 9.98 105.0 drilling with the previous sub configuration to see if the forma-
o o e s P e b4 tion could be cored without the extension, but recovery dropped
38X 28 1030 346.7-356.2 9.5 0.46 4.8 dramatically. After Core 114-704B-45X was recovered the 93/a-
39X 28 115 356.2-365.7 9.5 9.99 105.0 in. sub was replaced with a 4-in. version that was somewhat
b - he aaer 22 1O 10 safer to use. We continued to maintain a close watch as coring
42X 28 1320 384.7-394.2 95 1021 107.5 continued. Recovery was not quite as good as with the longer
43X 28 1435 394.2-403.7 9.5 9.09 95.7 sub—only 80.8% —but was still appreciably more than the 62.6%
44X 28 1650  403.7-413.2 9.5 2.43 25.6 i i ion su
B 58 1735 41324227 0.5 310 326 recovery achieved without the use of any extension s b.
46X 28 1830 422.7-432.2 9.5 784 825 Three heat flow measurements were taken in Hole 704B us-
47X 28 2030 432.2-441.7 9.5 9.53 100.0 ing the Uyeda system, which was spaced out on an extra 15-ft
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core barrel to help decouple the heave motion of the drill string
from the temperature probe. Two of the measurements were suc-
cessful; one run failed to collect usable data. The last heat flow
measurement was taken at 481.7 mbsf. Upon attempting to re-
cover the tool, we found that it was stuck inside the smooth-
bore OCB. Apparently, an influx of sand caused the tool to be-
come stuck, because after a few minutes of heavy circulation
the tool dislodged, and we were able to recover it without any
sign of damage.

Coring continued with the XCB system until Core 114-704B-
68X at 633.7 mbsf, The weather began to deteriorate rapidly at
this time. The barometer fell 21 mbar in 6 hr. The seas were
building again, a condition that we had learned to put up with
most of the leg. This time, however, the storm was projected to
be worse than those experienced earlier during Leg 114, and we
decided to cease coring, pull up closer to the mud line, and con-
duct a wiper trip that had been planned for hole conditioning.
The pipe was pulled to 2684 mbsl, and a stand of wear-knotted
drill pipe was picked up, placing the bit at 2713 mbsl. Condi-
tions remained bad, and 3 hr were spent waiting on weather in a
force 10 storm before the second half of the wiper trip could be
continued. Upon running the pipe to bottom, the hole was
swept with a mud pill to prepare for another Navidrill coring
test. Two runs were made with the Navidrill, both unsuccessful.
Operating pressures were significantly below normal again, and
on neither run was there any indication that rotation occurred
or that the diamond bit contacted the formation. Navidrill test-
ing was terminated, and the remaining available coring time was
spent with the XCB system. At 2245 hr on 30 April 1987, Core
114-704B-72X from 3202.5 mbsl (671.7 mbsf) was recovered,
and coring operations for Leg 114 were terminated to provide
ample time for three complete logging runs before abandoning
the hole. The hole was swept with a high-viscosity mud pill, and
the shifting tool for the MBR was run in the hole. At the critical
moment, the sleeve shifted effortlessly and the bit released with-
out resistance. Back flow was encountered almost immediately,
indicating that the pipe was now open ended.

Four logging runs were made before abandoning the hole.
The first run made with the DIT-D, SGT, BHC, and MCD tools
was remarkably successful, reaching to within 4 m of the bot-
tom of the hole. The second run, made using the LDT, CNT-G,
NGT, and GPIT tools, also reached to within 4 m of bottom
and was also successful, except for a few short-duration failures
of the Masscomp computer. This problem precipitated some se-
rious errors in running the logging cable, which caused an over-
run of 22 m of cable after the tools had set down. Upon recover-
ing the cable, we found a knot approximately 420 m from bot-
tom, resulting in our having to cut off 520 m of cable. When
running the third suite of tools (GST, ACT, CNT-G, and NGT)
into the hole, a bridge was encountered directly below the open-
ended pipe. The tools were recovered, and the drill string was
periodically lowered to bottom to pick up the circulating head
during the trip. After reaching bottom, a 25-bbl mud pill was
circulated. Because of the windows in the MBR and a high
probability of the pipe being plugged after the trip, we decided
to leave the pipe in the hole and log through it for the final suite
of logs. This strategy was successful, and by 0015 hr on 3 May 3
the logging tools were rigged down and the hole was filled with
mud. The pipe was pulled clear of the mud line, and a final test
of the Navidrill system was conducted. The HWD4 core barrel
was removed to allow higher flow rates without the risk of ex-
tending below the pipe and rotating at high rpm. Our intention
was to try and determine once and for all why the operating
pressures were so much lower than the design and test pressures.
The test was unsuccessful, as pressures remained low despite re-
peated attempts at seating and the use of ultra-high flow rates.
The tool was recovered and again run in the hole, this time with-
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out the mud motor in an attempt to verify if the motor itself,
because of tight tolerances in the seal-bore OCB, was preventing
the proper landing and sealing of the external seals. The test was
inconclusive in that the only pressure difference was lost by not
having the pressure drop through the motor. The test was aban-
doned and the pipe pulled out of the hole until the top of the
BHA was just below the rig floor. Here the abbreviated Navi-
drill assembly was dropped into the pipe, where it remained un-
til recovery with the BHA. When the tools reached the rig floor,
the Navidrill was found resting on the proper landing shoulder,
the seals in place and torque segments latched. The mystery of
downhole pressure loss remained unsolved. Evidence was found
upon disassembly of the tool that indicated that the profile seals
on the hex male spline had rotated out of position. This would
have been responsible for at least some of the pressure loss, but
just how much remains to be determined. The bit cleared the ro-
tary table at 1015 hr on 3 May 1987, the rig floor was secured,
and the vessel was underway at 1100 hr.

Because the seismic records upon arrival at Site 703 were
poor (rough following seas), a 7-hr post-site survey was con-
ducted over Site 703, prior to setting a course for Mauritius. At
1800 hr on 3 May 1987, the vessel finally took a heading toward
Mauritius.

LITHOSTRATIGRAPHY

Two holes were drilled with the APC and XCB systems at
Site 704, on the western flank of the Meteor Rise in a water
depth of 2532.3 m. Hole 704A penetrated late Miocene to late
Pleistocene age sediments to a depth of 282.7 mbsf, with an av-
erage recovery rate of 79.4%. Seventy-two cores were recovered
in Hole 704B to a depth of 671.7 mbsf. Sediments of early Oli-
gocene to late Pleistocene age were penetrated, with an average
recovery of 74.8%.

The cored sediments consist of varying admixtures of two
end-member components: (1) calcareous oozes and chalks con-
sisting of foraminifers and calcareous nannofossils and (2) sili-
ceous oozes composed of diatoms with minor radiolarians and
silicoflagellates. The various lithologies include calcareous-bear-
ing diatom ooze, calcareous diatom ooze, calcareous siliceous
ooze, diatom-bearing calcareous ooze, siliceous-bearing calcar-
eous ooze, siliceous-bearing nannofossil ooze, nannofossil
ooze, micrite-bearing nannofossil chalk, and micritic indurated
nannofossil chalk (Table 2).

Site 704 is subdivided into two units based on compositional
variations and color changes (Table 2 and Figs. 6 and 7), per-
cent calcium carbonate (Fig. 8), and diagenetic maturity (Figs. 6
and 7).

Unit I (to the base of Hole 704A and to 451.2 mbsf in Hole
704B) consists of oozes of varying siliceous and calcare-
ous composition; middle Miocene to Pleistocene in age.

Subunit IA is marked by distinct color and lithology
changes, corresponding to various admixtures of carbon-
ate and silica. Diatoms are an important component of
Subunit IA, which has lithologies ranging from diatom
ooze to calcareous-bearing diatom ooze, calcareous dia-
tom ooze, nannofossil ooze, diatom-bearing calcareous
ooze, and diatom calcareous ooze. The age of this sub-
unit is latest Pliocene to Pleistocene.

Subunit IB is dominantly a calcareous ooze with an impor-
tant biosiliceous component. It is lighter in color than
Subunit IA, and color changes are less sharp but still evi-
dent; late Pliocene age.

Subunit IC is composed of diatom-bearing calcareous ooze.
Color variations are much less pronounced than in the
overlying subunit, with the exception of Cores 114-704A-
24X and 114-704A-25X. This subunit is further divided
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Table 2. Major lithologies, lithostratigraphic units, age, and depth below seafloor of Site 704 cores.

Lithostratigraphic Depth
unit {mbsf) Age Core Major lithology
Hole T04A:
IH  Calcareous-bearing diatom ooze, calcareous
diatom ooze, and nannofossil ooze
2H  Nannofossil ooze, calcareous diatom ooze,
calcareous-bearing diatom ooze, and
diatom ooze
3H  Diatom ooze, calcareous-bearing diatom ooze,
and diatom calcareous ooze
1A 0-102.2 latest Pliocene- 4H  Diatom-bearing calcareous ooze, diatom
Pleistocene calcareous-bearing diatom ooze
(Calcareous-bearing diatom ooze) 5H  Diatom-bearing 1S 00Z€, ous
ooze, and calcareous diatom ooze
6H  Calcareous ooze, diatom-bearing calcareous
ooze, calcareous diatom ooze, and diatom
ooze
7H  Foraminifer-bearing diatom ooze
8H  Calcareous diatom ooze
9H  Calcareous diatom ooze
10H Calcareous diatom ooze
11H  Calcareous diatom ooze
12H  Siliceous calcareous ooze
13H  Siliceous calcareous coze and calcareous-
bearing diatom ocoze
14H  Siliceous calcareous ooze and calcareous
siliceous ooze
IB 102.2-178.2  late Pliocene 15H  Siliceous calcareous ooze
(Siliceous calcareous ooze) 16H  Calcareous siliceous ooze and siliceous-bearing
calcareous ooze
17H  Siliceous-bearing to siliceous calcareous ooze
18X Siliceous calcareous ooze to calcareous sili-
ceous ooze
19X  Calcareous siliceous ooze, siliceous-bearing
nannofossil ooze, and siliceous calcareous
ooze
20X  Diatom-bearing calcareous ooze
21X  Diatom-bearing calcareous ooze
22X Diatom calcareous ocoze
IC 178.2-254.2  late Miocene to 23X Diatom-bearing calcareous ooze
late Pliocene 24X Siliceous calcareous ooze
(Diatom-bearing calcareous ooze) 25X  Diatom-bearing nannofossil ooze and siliceous
calcareous ooze
26X No recovery
27X Diatom-bearing nannofossil ooze
28X No recovery
1D 254.2-282.7  late Miocene 29X  Diatom-bearing nannofossil ooze
(Diatom-bearing nannofossil ooze) 30X  Diatom-bearing nannofossil ooze
Hole 704B:
1H Diatom-foraminifer ooze
2H Calcareous diatom ooze
3H Calcareous diatom ooze
4H Siliceous calcareous to Calcareous siliceous
ooze
IA 0-101.7  latest Pliocene- SH Siliceous-bearing calcareous ooze, and calcare-
Pleistocene ous-bearing siliceous ooze
6H Siliceous-bearing to siliceous calcareous ooze
and diatom ooze
(Calcareous siliceous and siliceous calcareous ooze) TH Calcareous-bearing diatom/siliceous ooze and
siliceous calcareous ooze
8H Siliceous-bearing calcareous ooze and diatom
ooze
9H Siliceous calcareous ooze and calcareous
siliceous ooze
I0H  Calcareous siliceous ooze and siliceous calcare-
ous ooze
11H  Calcareous-bearing to calcareous siliceous ooze
12H  Siliceous-bearing calcareous ooze
13H  Siliceous-bearing to siliceous calcareous ooze
14H  Siliceous calcareous ooze

into Subunits IC, and IC,. Subunit IC ranges from late
Miocene to late Pliocene in age.

Subunit ID is a uniform, featureless white nannofossil ooze
with little to no color variation and of middle to late Mio-
cene age.

Unit II (only in Hole 704B) consists of white chalks of early
Oligocene to latest early Miocene age. Subunits are de-
fined by the degree of induration and micritization.

Subunit 11A is a white, micrite-bearing nannofossil chalk;
early to late early Miocene in age.
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Table 2 (continued).

Lithostratigraphic Depth
unit (mbsf) Age Core Major lithology
Hole 704B:
1B 101.7-175.7  late Pliocene 15H  Siliceous-bearing calcareous ooze
(Siliceous-bearing calcareous ooze) 16X  Siliceous calcareous ooze
17X Siliceous-bearing calcareous ooze
18X Siliceous-bearing nannofossil ooze
19X  Siliceous calcareous ooze
20X  No recovery
21X No recovery
16 175.7-251.7  late Miocene to 22X Siliceous-bearing calcareous ooze
late Pliocene 23X Siliceous calcareous ooze
(Siliceous-bearing calcareous ooze) 24X Siliceous-bearing calcareous ooze
25X Siliceous calcareous ooze
26X  Siliceous calcareous ooze
27X Siliceous-bearing to siliceous calcareous ooze
28X  Nannofossil ooze
29X  Nannofossil ooze
30X  Nannofossil ooze
31X  Nannofossil ooze
1D 251.7-451.2 middle Miocene to 32X  Nannofossil ooze
late Miocene 33X  Nannofossil ooze
(Nannofossil ooze) 34X Nannofossil coze
35X  Nannofossil ooze and diatom-bearing nanno-
fossil ooze
36X  Nannofossil ooze
37X Nannofossil ooze
38X  Nannofossil ooze
39X  Nannofossil ooze
40X  Nannofossil ooze
41X  Nannofossil ooze
42X  Nannofossil ooze
43X Nannofossil ooze
44X Nannofossil ooze
45X Nannofossil ooze
46X  Nannofossil ooze
47X Nannofossil ooze
48X  Nannofossil ooze
49X Nannofossil chalk
1A 451.2-491.2  early to middle 50X  Micrite-bearing nannofossil chalk
Miocene 51X Micrite-bearing nannofossil chalk
(Micrite-bearing nannofossil chalk) 52X Micrite-bearing nannofossil chalk
53X Micrite-bearing nannofossil chalk
54X Micritic nannofossil chalk (indurated)
55X Micritic nannofossil chalk (indurated)
56X  Micritic nannofossil chalk (indurated)
57X Micritic nannofossil chalk (indurated)
1B 491.2-671.7  early Oligocene to 58X Micritic nannofossil chalk (indurated)
early Miocene 59X Micritic nannofossil chalk (indurated)
(Micritic indurated nannofossil chalk) 60X  Micritic nannofossil chalk (indurated)
61X  Micritic nannofossil chalk (indurated)
62X  Micritic nannofossil chalk (indurated)
Miocene/Oligocene boundary 63X Micritic nannofossil chalk (indurated)
64X  Micritic nannofossil chalk (indurated)
65X  Micritic nannofossil chalk (indurated)
66X Micritic nannofossil chalk (indurated)
67X  Micritic nannofossil chalk (indurated)
68X  Micritic nannofossil chalk (indurated)
69X Micritic nannofossil chalk (indurated)
70X Micritic nannofossil chalk (indurated)
71X Micritic nannofossil chalk (indurated)
72X Micritic nannofossil chalk (indurated)

Subunit IIB is a uniform white, indurated micritic nannofos-
sil chalk; early Oligocene to late early Miocene.

Hole 704A

Hole 704A penetrated Subunits IA through IC, but only the
uppermost part of Subunit IC is represented because of poor re-
covery from the basal five cores of the hole.

Unit I: Core 114-704A-1H to Section 114-704A-30X, CC;
Depth: 0-282.7 mbsf; Age: late Miocene to Pleistocene.

The subdivision of Unit I in Hole 704A into three subunits is
based on the relative importance of the siliceous and calcareous
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' biogenic components (Fig. 6). This is reflected by color varia-

tions and first-order changes in the mean carbonate content of
the sediment (Fig. 8). Superimposed upon these first-order
changes is a high degree of variability in color and lithological
character within the individual subunits.

Subunit IA: Core 114-704A-1H to Section 114-704A-11H,
CC; Depth: 0-102.2 mbsf; Age: latest Pliocene to Pleistocene.

Subunit IA contains alternations of olive (5Y 5/4) diatom
ooze, pale yellow (2.5Y 8/4) to light yellowish brown (2.5Y 6/4)
calcareous-bearing diatom ooze, olive (5Y 5/3), pale olive (5Y
6/3), light greenish gray (5GY 7/1), and gray (5Y 6/1) to white
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Figure 6. Relative smear slide composition of Hole 704A.

(no color code) calcareous diatom ooze, light gray (5Y 7/1) dia-
tom calcareous ooze, light yellow (5Y 7/3) to white (no color
code) calcareous ooze, and white (no color code) nannofossil
0o0ze.

Subunit IA is highly variable in color and lithology at inter-
vals of about 20 to 100 cm. Generally, the lighter color intervals
(light yellow and light gray to white) correspond to high carbon-
ate content, whereas the darker colors (olive and pale olive) cor-
respond to diatom-rich intervals and low carbonate values (Fig.
8). The contacts between the lithologic and color boundaries are
sharp, except where drilling disturbance has blurred the record.

In comparison to other subunits, Subunit 1A exhibits strik-
ingly sharp color variations and higher amplitude carbonate
fluctuations. This reflects a greater importance in the relative
contribution of biogenic silica in Subunit IA.

Pebbles first occur at 33 and 107 cm in Section 114-704A-
5H-1. Soupy drilling disturbance in this section casts doubt as
to whether these lithic fragments are in place. All sections of
Core 114-704A-4H and the first three sections of Core 114-
704A-5H are highly disturbed in Hole 704A, resulting in an ho-
mogenization of the sediment. Fine, dispersed lithic fragments
(ice-rafted detritus?) were found throughout Core 114-704A-
7H, and from 85 to 95 ¢cm in Section 114-704A-8H-1.

The occurrence of pyrite-coated microfossils in Sample 114-
704A-6H-2, 129 cm, and traces of pyrite and opaques in Cores
114-704A-TH to 114-704A-9H suggest localized oxygen-deficient
conditions and degradation of organic carbon within the sulfate
reduction zone.

Subunit IB: Core 114-704A-12H to Section 114-704A-19X,
CC; Depth: 102.2-178.2 mbsf; Age: late Pliocene.

Subunit IB also consists of mixed carbonate and siliceous li-
thologies, but the average carbonate content is slightly higher

than in Subunit IA (Fig. 8). The dominant lithology of Subunit
IB is calcareous ooze, including siliceous calcareous ooze, sili-
ceous-bearing calcareous ooze, and siliceous-bearing nannofos-
sil ooze. The color contrasts are less distinct than those in Sub-
unit IA but are still pronounced. Color variations include white
(no color code, 2.5Y 8/0, 7.5YR 8/0), olive (5Y 5/3), light olive
(5Y 6/2), light olive gray (5Y 6/2), light gray (5Y 7/2), gray (5Y
7/2), greenish gray (5G 7/1), light greenish gray (5GY 7/1), and
light blue gray (5GY 7/1).

Lithic fragments and small pebbles occur sporadically, par-
ticularly in the top part of the first section of core. Pyrite occurs
in small dark blebs, indicative of local anoxic microenviron-
ments.

Subunit IC: Core 114-704A-20X to Section 114-704A-27X,
CC; Depth: 178.2-254.2 mbsf; Age: late Miocene to late
Pliocene.

Subunit IC is divided into Subunits IC, and IC,. Core 114-
704A-20X through Section 114-704A-24X-5 (178.2-222.2 mbsf)
comprising Subunit IC, exhibit little color variation, with higher
carbonate content and lower variability than Subunit IC,. The
lithology consists of uniform, diatom-bearing calcareous ooze,
mostly white (no color code or 2.5Y 8/0) with subtle hues of
light greenish gray (SGY 7/1) and light gray (5G 7/1). Convo-
lute bedding from 107 to 135 cm in Section 114-704A-23X-1
may indicate slumping and sediment redeposition. Subunit IC is
early to early late Pliocene in age.

Subunit IC, is composed of Section 114-704A-24X-5 through
Core 114-704A-25X (222.2-254.2 mbsf). This interval is similar
to Subunits IA and IB in that it contains distinct color varia-
tions, a lower mean carbonate content, and a greater biogenic
silica component. Lithologies range from siliceous calcareous
ooze to diatom-bearing nannofossil ooze. The siliceous calcare-
ous ooze contains sharp variations in color, including light
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Figure 8. Carbonate content of Hole 704A.

greenish gray (5G 7/1), greenish gray (5G 6/1), light gray (2.5Y
7/2), white (5Y 8/1), and grayish brown (2.5Y 5/2). Diatom-
bearing nannofossil ooze is white (no color code) to light gray
(5Y 7/1). Subunit IC, is early Pliocene to late Miocene in age.

Below Core 114-704A-26X, recovery was extremely poor and
consists of diatom-bearing nannofossil ooze, light greenish gray
(5G 7/1) in color.

Hole 704B

Unit I: Core 114-704B-1H to Section 114-704B-48X, CC;
Depth: 0-451.2 mbsf; Age: latest early Miocene to
Pleistocene.

Unit I in Hole 704B is subdivided into four subunits based
on the relative components in smear slide estimates (Fig. 7) and
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percent calcium carbonate (Fig. 9). Variations in the carbonate
content mainly reflect the relative abundance of carbonate and
biogenic silica.

Subunit IA: Core 114-704B-1H to Section 114-704B-11H, CC;
Depth: 0-101.7 mbsf; Age: latest Pliocene to Pleistocene.

Subunit IA is characterized by common alternations of light
gray (2.5Y 7/2), pale yellow (5Y 7/3) to white (no color code)
diatom-foraminifer ooze, pale olive (5Y 6/3), light gray (5Y 7/
1) to white (5Y 8/1) calcareous diatom ooze, pale olive (5Y 6/
4), olive (5Y 5/4) to light gray (5Y 7/1) calcareous siliceous
ooze, greenish gray (5GY 6/1), olive (5Y 5/4) to light gray (5Y
7/2) calcareous siliceous ooze, and olive (5Y 5/4) diatom ooze.
Minor lithologies include white (no color code) nannofossil
ooze and spots of pure diatom ooze (i.e., “diatom cotton”).
These high-frequency lithologic changes are expressed in the
variability of the carbonate record (Fig. 9). Ash- and ice-rafted-
detritus-bearing horizons first appear in Sections 114-704B-2H-
6 and 114-704B-2H-7. Disseminated lithic fragments (ice-rafted
detritus?) are common in Core 114-704B-5H. Staining of the
sediment by opaque minerals (pyrite?) occurs in Section 114-
704B-4H-5 and is common through Core 114-704B-10H.

Bioturbation is minor to moderate, causing mottling of the
oozes, which is especially evident in the darker colored sedi-
ments.

Soupy drilling disturbance occurs in a few cores (114-704B-
2H and 114-704B-3H), but Subunit IA is much less disturbed in
Hole 704B than in Hole 704A.

Subunit IB: Core 114-704B-12H to Section 114-704B-19X,
CC; Depth: 101.7-175.7 mbsf; Age: late Pliocene.

Subunit IB is dominated by light gray (5Y 7/1), light olive
gray (5Y 6/2), to white (5Y 8/1 to no color code) siliceous-bear-
ing calcareous ooze, olive gray (5Y 5/2) to white (no color code)
siliceous calcareous ooze, and greenish gray (5GY 6/1) to white
(no color code) siliceous-bearing nannofossil ooze. The subunit
is marked by a higher mean carbonate value than Subunit IA
(Fig. 9), and a decrease in the abundance of biogenic silica is ev-
ident from smear slide estimates (Fig. 7). The boundary between
Subunits IA and IB coincides with a marked change to lighter
colors in the lower subunit. The lower (older) boundary of Sub-
unit IB was extrapolated from Hole 704A because of poor re-
covery in Cores 114-704B-20X and 114-704B-21X.

Disseminated lithic fragments (ice-rafted detritus?) are found
in Cores 114-704B-12H, 114-704B-13H, 114-704B-17X, and
114-704B-19X, and a larger pebble occurs at 102 cm in Section
114-704B-17X-4. A gray (5Y 6/1) ash-bearing horizon appears
at 20-25 c¢cm in Section 114-704B-19X-1.

Staining of the sediment by opaque minerals (pyrite?) is
common in Cores 114-704B-13H, 114-704B-14H, 114-704B-17X,
and 114-704B-18X.

Minor bioturbation in Cores 114-704B-14H, and 114-704B-
15H is reflected by sediment mottling. Planolites burrows are
filled with light gray (5Y 7/1) ooze.

Drilling disturbance is soupy to moderate in the very first
centimeters of Cores 114-704B-1H to 114-704B-15H. Sections
114-704B-14H-2 and 114-704B-14H-3, 114-704B-15H-2 to 114-
704B-15H-4, and 114-704B-15H-6 are highly disturbed.

Subunit IC: Core 114-704B-20X to Section 114-704B-27X,
CC; Depth: 175.7-251.7 mbsf; Age: late Miocene to late
Pliocene.

The major lithologies of Subunit IC are light bluish gray (5B
7/1) to white (2.5Y 8/1 to 7.5YR 8/1) siliceous-bearing calcare-
ous ooze and light greenish gray (SGY 7/1) to bluish gray (5B 6/
1) siliceous calcareous ooze. Minor lithologies are pinkish gray
(7.YR 6/2) to greenish gray (5GY 6/1) calcareous siliceous ooze,

634

greenish gray (5GY 6/1) ash-bearing clayey diatom ooze, and
dark greenish gray (5GY 4/1) pyritic nannofossil ooze. The oc-
currence of the minor lithologies intercalated in the calcareous
ooze is evidenced by a strong decrease in carbonate content
(Fig. 9) and the dominance of siliceous biogenic material, as es-
timated from smear slides (Fig. 7). Minor staining of the sedi-
ment by opaque (pyrite?) minerals occurs in Core 114-704B-
22X and is common to abundant in Cores 114-704B-25X to
114-704B-27X. These pyritic(?) black (7.5YR 2.5/0) spots cause
sediment mottling.

Bioturbation is minor to moderate. Zoophycos is well devel-
oped at 99 and 105 cm in Section 114-704B-24X-6, and Plano-
lites occurs from 125 to 133 cm in Section 114-704B-24X-6.

Drilling disturbance is moderate to minor in the topmost
parts of Sections 114-704B-26X-1 (from 1 to 40 ¢cm) and 114-
704B-27X-1.

Subunit IC is further divided into Subunits IC; and IC,.

Subunit IC,;: Core 114-704B-20X to Sample 114-704B-24X-
4, 80 cm; Depth: 175.7-219.0 mbsf; Age: early Pliocene to early
late Pliocene.

Subunit IC, consists of siliceous-bearing to siliceous calcare-
ous ooze. This subunit is characterized by a mean carbonate
content of about 60% with low variability. Color changes in this
interval are extremely subtle to absent, and biogenic silica is low.

Subunit IC,: Sample 114-704B-24X-4, 80 cm, to Section
114-704B-27X, CC; Depth: 219.0-251.7 mbsf; Age: latest Mio-
cene to early late Pliocene.

The lower (older) boundary of this subunit is marked by a
sharp decrease in carbonate content at 222.2 mbsf. This corre-
sponds to a greenish gray (5GY 6/1) ash-bearing clayey diatom
ooze from 102 to 113 cm in Section 114-704B-27X-4. Color var-
iations are distinct in Subunit IC,, and the siliceous biogenic
component is high. The contact between Subunits IC and ID is
marked by an increase in carbonate content from 25% to 77%.
Siliceous biogenic components decrease markedly at this
boundary (Figs. 7 and 9).

Subunit ID: Core 114-704B-28X to Section 114-704B-48X,
CC; Depth: 251.7.7-451.2 mbsf; latest early Miocene to latest
Miocene.

This subunit consists of light greenish gray (5GY 7/1) to
white (2.5Y 8/1 to no color code) uniform nannofossil ooze.
The siliceous biogenic components are rare, except for abun-
dant diatoms in Core 114-704B-35X (Fig. 7). The mean carbon-
ate content is about 80% and shows minor fluctuations. With
increasing micrite the sediments become stiffer, and the first
chalk occurs in Core 114-704B-46X. A small, normally graded
turbiditic(?) layer containing ash particles occurs in Sample
114-704B-28X-1, 15 cm, and fine, dispersed ash was noted in
Sample 114-704B-28X-4, 78 cm.

Spots and thin horizons of concentrated opaque particles
(pyrite?) stain the ooze light blue gray (5B 7/1). They are com-
mon in Cores 114-704B-29X to 114-704B-31X, 114-704B-36X,
and 114-704B-40X to 114-704B-44X and abundant in Core 114-
704B-35X.

The interval between Samples 114-704B-35X-3, 40 cm, and
114-704B-35X-5, 140 cm, documents a short paleoenvironmen-
tal change in the late Miocene. Carbonate content decreases to
40% (322 mbsf in Fig. 9), and an increase in diatoms produces a
yellowish mottling of the ooze. The second carbonate content
low (60% at 404 mbsf) occurs just above a sand-bearing nanno-
fossil coze in Section 114-704B-44X-1. The sand is composed of
pumice, quartz, benthic foraminifers, and pyrite, indicating a
possible slump deposit or downhole contamination resulting
from a heat flow measurement made prior to recovering Core
114-704B-44X.

Bioturbation is minor, resulting in faint sediment mottling.
Planolites was found in Section 114-704B-30X-1.



100

200

300 p— ——— —
ES T

3 : .

F=]

E

p =

&

o 1D
400 — * =
500 |— —
600 — ]
700 - l :

0 50 100
Carbonate content (%)

Figure 9. Carbonate content of Hole 704B.

SITE 704

635



SITE 704

Most of the drilling disturbance is represented by biscuiting
of the sediment.

Unit II: Core 114-704B-49X to Section 114-704B-72X, CC;
Depth: 451.2-671.7 mbsf; early Oligocene to late early
Oligocene.

Unit 11 is differentiated on the basis of the increasing diage-
netic maturity of the sediment.

Subunit IIA: Core 114-704B-49X to Section 114-704B-53X,
CC; Depth: 451.2-491.2 mbsf; Age: late early Miocene.

The dominant lithology is light greenish gray (SGY 7/1) nan-
nofossil chalk and white (no color code) micrite-bearing nanno-
fossil chalk. Nannofossil ooze occurs as a minor lithology in
Section 114-704B-49X-1. Calcareous biogenic components and
micrite are abundant to very abundant (Fig. 7), and the carbon-
ate content increases to 90% (Fig. 9).

Bioturbation is minor. Zoophycos occurs at 98 and 116 cm
in Section 114-704B-49X-2, and Planolites is common from 105
to 150 cm in Section 114-704B-49X-4 and 140 to 150 cm in Sec-
tion 114-704B-49X-5.

Drilling disturbance has resulted in biscuiting and moderate
fracturing.

Subunit IIB: Core 114-704B-53X to Section 114-704B-72X,
CC; Depth: 451.2-671.7 mbsf; Age: early Oligocene to late
early Miocene.

Increased micritization of the carbonate results in an indu-
rated micritic nannofossil chalk in Subunit IIB. The color of the
chalk varies from gray (N6), light gray (5Y 7/1 and 10YR 7/1),
to white (5Y 8/1 and 10YR 8/1 to no color code). A light gray
(5Y 7/1) fine-grained, laminated turbidite with high clay con-
tent occurs from 37 to 68 cm in Section 114-704B-56X-4 (Fig.
10). The upper and lower contacts are sharp, and bioturbation
is absent within the turbidite.

A volcanic breccia was found in Sample 114-704B-59X-1,
10-15 cm. Pebbles in Sections 114-704B-59X-1, 114-704B-70X-
1, and 114-704B-72X-1 are interpreted as downhole contamina-
tion.

Minor to strong bioturbation is visible in most sections be-
tween Cores 114-704B-54X and 114-704B-66X. The ichnofacies
is dominated by Zoophycos and Planolites. Zoophycos occurs
in Cores 114-704B-54X and 114-704B-56X, Section 114-704B-
61X-2, and Cores 114-704B-62X, 114-704B-63X, 114-704B-65X,
and 114-704B-66X. Planolites occurs in Core 114-704B-56X,
Section 114-704B-61X-2, and Cores 114-704B-62X, 114-704B-
63X, 114-704B-65X, and 114-704B-66X. Chondrites occurs in
Core 114-704B-62X.

Drilling disturbance is present throughout Subunit IIB in the
form of drilling biscuits. Core 114-704B-55X is highly fractured
and brecciated.

Paleoenvironment

The paleoenvironmental interpretation in Site 704 is based
largely on lithologic changes recorded in both sediment color
and carbonate content. The upper 250 m of sediment contains
very numerous fluctuations in carbonate and biogenic silica.
The shipboard carbonate analyses have captured the first-order
changes in sediment composition, but the data are clearly bi-
ased. That is, the sampling spacing for carbonate analyses is
greater than the natural period of variation. As a result, the
character of the record is likely to change as more data become
available.

The sediments at Site 704 record major paleoclimatic events
that occurred during the late Cenozoic. From the base of the
section to 251.7 mbsf, the sequence is dominated by pelagic car-
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Figure 10. Fine-grained, laminated turbidite layer (Sample 114-704B-
56X-4, 28-77 cm).

bonate sedimentation (nannofossil ooze and chalk) with little
variation in color or lithology. This suggests uniform carbonate
deposition above the carbonate compensation depth (CCD) be-
tween the early Oligocene and late Miocene. An interval of low
carbonate content and increased diatom abundance occurs at
324 mbsf (Fig. 9) in Subunit ID, but this depositional event was



short lived. The dominant trend below 251.7 mbsf is a progres-
sive increase in the diagenetic maturity of the sediment, with the
ooze/chalk transition occurring at about 451.2 mbsf.

A major change in sedimentation occurred in the latest Mio-
cene at about 251.7 mbsf, corresponding to the base of Subunit
IC,. This event is marked by a decrease in CaCO, by about 50%
(Fig. 9), an increase in biogenic silica (Fig. 7), and the onset of
strong color variations in the sediment. Preliminary magneto-
biostratigraphic results suggest that these changes occurred in
Chron C3AR.6 (~6.5-6.37 Ma) and are undoubtedly linked to
other documented paleoceanographic events in the Southern
Ocean at this time (Shackleton and Kennett, 1975; Ciesielski et
al., 1982; Hodell and Kennett, 1986). The decrease in carbonate
and increase in biogenic silica at Site 704 are related to a com-
bined effect of increased siliceous productivity and carbonate
dissolution associated with climate change during the latest Mi-
ocene. This lithologic change at Site 704 documents the north-
ward migration of the polar front to ~47°S. The amplitude and
variance of the carbonate signal during the latest Miocene-ear-
liest Pliocene (6.5 to 4.7 Ma) is comparable to the Pleistocene
record, suggesting that the intensity of paleoceanographic change
in the Southern Ocean was comparable during the late Miocene
and Pleistocene.

Above Subunit IC,, from 219 to 101.7 mbsf, the lithology re-
turns to relatively high carbonate values (Fig. 8). The amplitude
of the carbonate signal appears to progressively increase through
Subunits IC, and IB. The age of this interval extends from the
early Pliocene to the late Pliocene, spanning much of the Gil-
bert, Gauss, and lower Matuyama Chrons.

A marked change in sedimentation occurs at ~ 101.7 mbsf,
at the base of Core 114-704A-11X, and represents a significant
increase in the biogenic silica component (diatoms) of the sedi-
ment. The color changes above this level are strikingly intense
and more common than lower in the section. The average car-
bonate content is slightly lower in Subunit IA and is character-
ized by higher variability (Figs. 8 and 9). According to diatom
biostratigraphy (see “Biostratigraphy” section, this chapter) and
the magnetostratigraphic record, the Subunit IA/Subunit IB
boundary occurs just below the top of the Olduvai Subchron,
which has been placed at a depth of 93.7 mbsf.

The top 175 m of sediment at Site 704, including Subunits
IA and IB, contains cyclic alternations of carbonate and silica
components. These cycles are reflected in color variations, with
the lighter shades generally correlating with higher carbonate
values. These lithologic changes are probably related to glacial-
interglacial cycles of the Pliocene-Pleistocene. In the Atlantic,
glacial episodes usually correspond to low carbonate values,
whereas interglacial episodes are marked by carbonate highs
(Gardner, 1975). Post-cruise oxygen isotopic analyses confirm
an Atlantic-type carbonate pattern at Site 704.

Late Pliocene-early Pleistocene deposition at Site 704 was
controlled by a complex interplay of three climatically con-
trolled processes: (1) siliceous and carbonate productivity, (2)
carbonate dissolution, and (3) dilution of silica by carbonate
and vice versa. Climatically induced changes in these variables
on time scales of tens of thousands to hundreds of thousands of
years resulted in the complex changes in sediment deposition
observed in Subunits IA and IB. One explanation of the car-
bonate/silica variations is cyclic migration of the polar front
across Site 704 in response to glacial-interglacial forcing. The
excellent recovery by double APC/XCB methods over this inter-
val coupled with detailed magnetobiostratigraphy will permit
high-resolution paleoceanographic studies.

BIOSTRATIGRAPHY

Holes 704A and 704B were drilled in a water depth of 2532.3
m on the Meteor Rise. Hole 704A penetrated 282.7 m of diatom
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and nannofossil oozes. Hole 704B penetrated 671.7 m of dia-
tom and nannofossil oozes overlying a nannofossil chalk.

Nannofossil preservation is moderately good throughout the
Pleistocene to Miocene section, but poor in the Oligocene strata.
Diatoms are abundant and well preserved throughout most of
the section, with two intervals of reduced abundance in the mid-
dle Miocene and upper Miocene. Planktonic foraminifer preser-
vation is good in the Pleistocene, moderate in the Pleistocene to
lower Miocene, and poor in the lower Miocene to Oligocene.
Benthic foraminifers and radiolarians are generally well pre-
served throughout the section.

Biostratigraphy
The following biostratigraphic divisions are drawn in a com-
posite section of Holes 704A and 704B:

114-704A-1H-2, 110 cm, to
114-704A-1H-1, 0 cm

late Pleistocene

middle-early
Pleistocene 114-704A-1H-2, 100 cm, to
114-704A-11H-1, 16 cm
114-704A-11H-2, 34 cm, to
114-704A-20X-6, 85 ¢cm
114-704A-20X-6, 95 cm, to
114-704A-25X-1, 135 cm
114-704B-25X-1, 145 c¢m, to
114-704B-46X-2, 82 cm
114-704B-47X-5, 79 cm, to
114-704B-48X-3, 81 cm
114-704B-48X, CC, to 114-
704B-62X-2, 92 cm, or CC
114-704B-64X, CC, to 114-
704B-69X, CC
114-704B-70X, CC, to 114-
704B-72X, CC

late Pliocene
early Pliocene
late Miocene
middle Miocene
early Miocene
late Oligocene

early Oligocene

The biostratigraphic results together with zonal assignments
are graphically summarized in Figures 11A and 11B. A list of
microfossil datums identified at this site is given in Table 3 and
plotted in the age vs. depth diagram of Figure 12. Table 3 re-
veals that the majority of microfossil datums are based upon
diatoms: however, this should not be interpreted as indicative of
the lack of stratigraphic utility of other microfossil groups. At
the time of this writing, other fossil groups have not been exam-
ined in detail, whereas a more detailed (though incomplete) dia-
tom stratigraphy of the Neogene has been provided by Fenner
and Ciesielski. No detailed biostratigraphic studies have been
made of the Oligocene at this time.

The Pliocene/Pleistocene, early/late Pliocene, and Mio-
cene/Pliocene boundaries are placed at the top of the Olduvai
subchron, Gauss/Gilbert boundary, and Gilbert/C3AN bound-
aries, respectively. On the basis of foraminifer zonation, the
middle/late Miocene boundary is placed at the first appearance
datum (FAD) of Neoglobogquadrina acostaensis, between Sec-
tions 114-704B-40X, CC, and 114-704B-41X, CC. Diatoms are
indicative of a late/middle Miocene boundary lower in the sec-
tion, between Sample 114-704B-46X-2, 82 cm, and Section 114-
704B-46X, CC (~425.02 to 432.20 mbsf). The diatom stratigra-
phy suggests that this boundary occurs at a hiatus between the
lower middle Miocene and upper Miocene, which is marked by
a pile up of last appearance datums (LADs) of diatoms and cal-
careous nannofossils (datums 32-37; Table 3). The younger ap-
parent age for the N. acostaensis datum may be attributed to a
younger first occurrence in the subantarctic (~8.5 to 9.0 Ma) or
a mistaken correlation of this datum to the base of Chron C5N
(Berggren et al., 1985).

The early/middle Miocene boundary is tentatively placed be-
tween the FAD of Sphenolithus heteromorphus, between 451.2
and 460.7 mbsf (between Sections 114-704B-48X, CC, and 114-
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Figure 11. Summary of microfossil data from Holes 704A and 704B.
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Table 3. Microfossil and paleomagnetic datums in Hole 704A and 704B, with ages, bracketing sample intervals, and depths below seafloor.

Hole 704A
Mean
Microfossil and paleomagnetic Interval in Depth range  position
datums® Age (Ma) Reference® Hole 704A (mbsf) (mbsf)
1. LAD Pseudoemiliana lacunosa (N) +0.474 (30, 37), +0.40 29) 1H-1, 0 ¢m, to 1H-1, 100 cm 0.00-2.50 1.25
2. LAD Stylatractus universus (R) +0.41 19 1H-1, 0 ¢cm, to 1H, CC 0.00-7.20 3.60
3. LAD Hemidiscus karstenii (D) ! 0.195 36 1H-2, 100 cm, to 1H-3, 76 cm 2.50-5.26 3.88
4. LAD Actinocyclus ingens (D) +0.62 10 2H-5, 120 cm, 1o 2H-5, 120 cm 14.40-15.90 15.15
5. Brunhes/Matuyama boundary 0.73 4 3H-5, 99 cm, to 5H-7, 16 em 23.69-45.20 33.10
6. Top Olduvai subchron 1.66 4 11H-1, 16 ¢m, to 11H-2, 34 ¢cm 92.86-94.54 93.70
7. LAD Rhizosolenia barboi (D) +1.50 10 11H-4, 70 ¢m, to 11H-4, 80 cm 97.90-98.00 97.95
8. LAD Coscinodiscus kolbei (D) +1.89 10 11H-6, 35 cm, to 11H-6, 80 em 100.45-101.00 100.73
9. Top Helicosphaera sellii (N) +1.37 28 13H, CC, to 14H-5, 33 cm 120.53-121.20 124.37
10. LAD E. calvertense +1.90 11 13H, CC, to 14H, CC 121.20-130.70 125.95
11. LAD Nitzschia interfrigidaria (D) +2.81 10 16H-2, B0 cm, to 16H-4, 70 cm 142.50-145.40 143.95
12. LAD Coscinodiscus vulnificus (D) +2.20 10 16H-4, BO cm, to 16H-2, 82 cm 145.50-142.52 144.01
13, LAD Discoaster brouweri (N) +1.88 29 15H, CC, to 16H, CC 249.70-140.20 144.95
14. LAD Helotholus vema (R) +2.47 11 16H, CC, to 17X, CC 149.70-159.20 154.45
15. LAD Desmospyris spongiosa (R) +2.47 11 16H, CC, to 17X, CC 149.70-159.20 154,45
16. Top NN17 Zone (N) +2.35 28 17X, CC, to 18X, CC 168.70-159.20 163.95
17. l}ﬂ!amyamaf(]auss boundary 2.47 4 18X-6, 145 cm, to 19X-1, 5 cm 168.15-168.75 168.45
18. LAD Coscinodiscus insignis (D) +2.49 10 18X-6, 76 cm, to 19X-2, 60 cm 167.46-170.80 169.13
19. LAD Nitzschia weaveri (D) +2.64 10 18X-6, 78 cm, to 19X-2, 60 cm 167.48-170.80 169.14
20. FAD concurrent C. insignus and C. vulnificus (D) +3.10 10 18X, CC, to 19X-1, 77 cm 168.70-169.47 169.09
Hiatus ~280r29to ~2.5Ma ~169-171
21. Top Kaena subchron 2.92 4 19X-5, 135 cm, to 19X-6, 5 cm 176.05-176.25 176.15
22. Base Kaena subchron 2.9 4 19X-7, 5 cm, to 19X-7, 15 cm 178.20-178.20 178.20
23, Top Mammoth subchron 3.08 4 20X-1, 85 ¢m, to 20X-1, 95 cm 179.05-179.15 179.10
24, FAD N. weaveri (D) +3.88 10 19X, CC, to 20X-2, 70 cm 178.20-180.40 179.30
25, Base Mammoth subchron 3.18 4 20X-3, 25 cm, to 20X-3, 45 cm 181.45-181.65 181.55
26. Top NN16 Zone (N) +2.41 4 19X, CC, to 20X, CC 187.70-178.20 182.95
27. Gauss/Gilbert boundary 3.40 4 20X-6, 85 cm, to 20X-6, 95 cm 186.55-186.65 186.60
28. FAD Nitzschia angulata (D) +4.22 10 21X-3, 82 cm, to 21X-4, 5 cm 191.52-192.25 191.89
29, Top Cochiti subchron 3.88 4 22X-1, 115 cm, to 22X-1, 135¢cm  198.35-198.55 198.45
30. LAD Reticulofe pseud, bilica (N) +3.56 (28), 3.50 4) 21X, CC, wo 22X, CC 197.20-206.70  201.95
31. Base Cochiti subchron 3.97 4 22X-4, 15 cm, to 22X-4, 75 cm 201.85-202.45 202.15
32. Top Munivak subchron 4.10 4 22X-5, 95 cm, to 22X-5, 104 cm 204.15-204.24 204.20
33. Base Nunivak subchron 4.24 4 23X-3, 65 cm, to 23X-3, 75 cm 210,35-210.45 210.45
34. FAD Gephrocapsa spp. (N} 3.70-3.56 34 22X, CC, 10 23X, CC 206.70-216.20  211.45
35. Top Sidufjall subchron 4.40 4 23X-4, 75 em, to 23X-4, 85 cm 211.95-212.05 212.00
36. Base Sidufjall subchron 4.47 4 23X-5, 55 cm, to 23X-5, 65 cm 213.25-213.35 213.30
37, Top Thvera subchron 4.57 4 24X-1, 55 cm, to 24X-2, 5 cm 216.75-217.75 217.25
38. Base Thvera subchron 4,77 4 24X-3, 15 e¢m, to 24X-3, 35 cm 219.35-219.55 219.45
39. LAD Triceraspyris coronata (R) +4.25 12 23X, CC, to 24X, CC 216.20-225.70 220.95
40. LAD Denticulopsis hustedtii (D)} +4.48 10 23X, CC, to 24X, CC 216.20-225.70  220.95
41. LAD Amphy ium challengerae (R) +4.35-4.45 12 24X, CC, 1o 25X, CC 225.70-235.20  230.45
42. LAD Stichocorys peregrina (R) +4.6-4.4 12 24X, CC, to 25X, CC 225.70-235.20  230.45
43. LAD Coscinodiscus insignis v. triangula (D) ~4.8-5.0 15 26X, CC, to 27X, CC 244.70-254.20 249.45
44. LAD Lamprocyclas aegles group (R) +5.50 12 28X, CC, 10 29X, CC 263.70-273.20  268.45
45. FAD C. insignis v. triangula (D) +6.40 10 29X, CC, to 30X, CC 272.20-282.70  277.95
46. FAD Nitzschia reinholdii (D) +6.40-6.50 kL] >30X, CC >282.70
Hole 704B
Mean
Microfossil and paleomagnetic Interval in Depth range position
datums® Age (Ma) Reference? Hole 704B (mbsf) (mbsf)
1. LAD Hemidiscus karstenii (D) +0.195 36 1H-1, 0 ¢m, to 1H-2, 150 em 0.00-3.00 (1.50)
2. LAD Pseudoemiliana lacunosa (N) +0.474 (30, 37), +0.40 (29) 1H, 0 ¢m, to 1H, CC 0.00-6.70 (3.35)
3. LAD Actinocyclus ingens (D) +0.62 10 3H, CC, to 4H-2, 95 cm 25.70-28.15 (26.93)
4. LAD Rhizosolenia barboi (D) +1.50 10 11H, CC, to 12H, CC 101.70-111.20  (106.45)
5. LAD Coscinodiscus kolbei (D) +1.89 10 12H, CC, to 13H-2, 125 em 111.20-113.95  (112.58)
6. LAD? Helicosphaera sellii (N) +1.37 28 13H, CC, to 14H, CC 120.70-130.20  (125.45)
7. LAD? Calcidiscus macintyrei (N) ' +1.45 28 16X, CC, 10 17X, CC 147.20-156.70  (151.95)
8. LAD? Discoaster brouweri (N) +1.88 28 16X, CC, to 17X, CC 147.20-156.70  151.95)
9. LAD Coscinodiscus vuinificus (D) +2.22 10 17X-2, 100 cm, to 17X, CC 149.70-156.70  (153.20)
Hiatus ~280r29to ~2.5Ma ~171-169 in Hole 704A
{position inferred from Hole 704A) —160-165 in Hole 704B
10. FAD C. vulnificus (D) +3.1 10 19X-1, 21 em, to 19X-1, 75 cm 166.41-166.95  (166.68)
11. FAD Nitzschia weaveri (D) +3.88 10 19X, CC, 1o 20X, CC 175.70-185.20  (180.45)
12. LAD Amaurolithus triconiculatus (N) +4.40 3 21X, CC, to 22X, CC 194.70-204.20  (199.45)
13. LAD Reviculofenestra pseudoumbilica (N) +3.56 28 21X, CC, to 22X, CC 194.70-204.20  (199.45)
14. FAD Nirzschia angulata (D) +4.22 10 23X-2, 70 cm, 23, CC 206.40-213.70  (210.05)
15. LAD Denticulopsis hustedtii (D) +4.88 10 23X, CC, to 24X, CC 213.70-223.20  (218.45)
16. Gilbert/C3AN boundary 5.35 4 25X-1, 135 cm, to 25X-1, 145 cm  224.55-224.65  (224.60)
17. LAD LAD Amphymenium challengerae (R) +4.35-4.45 12 24X, CC, to 25X, CC 223.20-232.70  (227.95)
18. LAD Stichocorys peregrina (R) +4.6-4.4 12 24X, CC, to 25X, CC 223.20-232.70  (227.95)
19. CIAN/C3AR boundary 5.89 4 26X-5, 45 cm, to 27X-2, 25 em 239.15-243.95  (241.55)



Ta

ble 3 (continued).

Hole 704B (cont.)

SITE 704

Mean
Microfossil and paleomagnetic Interval in Depth range position
datums?® Age (Ma) Reference? Hole 704B (mbsf) (mbsf)
20. LAD Lamprocyclas aegles group (R) 5.5 12 26X, CC, to 27X, CC 242.20-251.70  (246.95)
21. FAD L. aegles group (R) 6.0-5.8 12 29X, CC, to 30X, CC 270.70-280.20  (275.45)
22. FAD Nitzschia reinholdii (D) +6.5 38 30X-1, 82 cm, to 31X, CC 271.52-289.70  (28B0.61)
23. fAD 5. peregrina (R) +6.3 32 30X, CC, 10 31X, CC 280.20-289.70  (284.95)
24, FAD Nitzschia miocenica (D) +6.8 9 31X-5, 82 cm, to 31, CC 287.02-289.70  (288.36)
Hiatus Maximum duration = 2.5 m.y. (8.5 to 6.5 Ma) ~287-308
25. "LAD Denticulopsis lauta (D) #8.7 10 32X, CC, to 33X, CC 299.20-308.70  (303.95)
26. LAD Diartus hughesi (R) +9.0 (22)-#8.6 (10) 34X, CC, 1o 35X, CC 318.20-327.70  (322.95)
27. FAD Hemidiscus cuneiformis (D) #8.7-8.9 39 39X-5, 82 cm, to 40X-2, B0 cm 363.02-368.00  (365.51)
28. LAD Denticulopsis dimorpha (D) 8.4 33 40X-5, 82 ¢cm, to 41X-5, 80 cm 375.52-382.00 (377.26)
29. FAD Neogloboguadrina acostaensis (F) 10.4 4 41X, CC, to 40X, CC 384.70-375.20  (379.95)
30. LAD Cyrtocapsella japonica (R) #8.7 (10), 9.1 (22) 43X, CC, to 44X, CC 403.70-415.20  (409.45)
31. FAD D. dimorpha (D) 8.9 33 46X-2, 82 cm, to 46X-5, 80 cm 425.02-429.50  (427.26)
Hiatus Maximum duration = ~6.0 m.y. (~9.0-15.0 Ma) ~425.02-432.20
32. '_LAD Denticulopsis maccollumii (D) -10.7? 40 47X-2, 81 cm, to 47X-5, 79 cm 434,51-438.99  (436.75)
33. 7 LAD Denticula nicobarica (D) 12,6 21 46X-5, 82 cm, to 47X-2, 81 cm 438.99-434.51  (436.75)
34, .LJ\D Coscinodiscus lewisianus (D) 12.9 9,21 47X-2, 81 cm, to 47X-5, 79 cm 434.51-438.99  (436.75)
3s. .LAD Coscinodiscus pulchellus (D) 13.6-13.5 20 46X-2, 82 cm, to 46X-5, 80 cm 425.02-429.50  (427.26)
36. LAD Actinocyclus ingens f. nodus (D) ~13.8 33 46X-2, 82 cm, to 46X-5, 80 cm 425.02-429.50  (427.26)
37. LAD Sphenolithus heteromorphus (N) 14.4 4 45X, CC, to 46X, CC 422.70-432.20  (427.45)
38. FAD A. ingens f. nodus (D) -15.2 33 47X-5, 79 ¢cm, to 47X-2, 81 cm 438.99-434.51  (436.75)
39. FAD Nitzschia denticuloides (D) ~14.4 18 47X-5, 81 cm, to 48X-1, 79 cm 439.01-442.49  (440.75)
40. LAD Nitzschia maleinterpretaria (D) 15.6 20 48X-1, 79 cm, to 48X-3, 81 cm 442.49-445,51  (444.00)
41. LAD Coscinodiscus lewisianus v. similis (D) 15.7 20 48X-1, 79 cm, to 48X-3, 81 cm 442.49-445.51  (444.00)
42. FAD D. hustedtii? (D) 14.2 20 48X-3, 81 cm, to 49X-1, 47 cm 445.51-451.67  (448.59)
43. FAD D. lauta (D) 16.1 21 48X-3, 81 cm, to 49X-1, 47 cm 445.51-451.67  (448.59)
44. FAD Cestodiscus peplum (D) 16.4 25 48X-3, 81 cm, to 49X-1, 47 cm 445.51-451.67  (448.59)
45. FAD A. ingens (D) 16.8 20 48X-3, B1 cm, to 49X-1, 47 cm 445.51-451.67  (448.59)
46. FAD Rouxia marylandica (D) +16.7 20 49X-4, 49 cm, to 49X-1, 49 cm 456.19-451.69  (453.94)
47. FAD? C. macintyrei (N) 16.2 4 48X, CC, to 49X, CC 451.20-460.70  (455.95)
48. FAD 5. heteromorphus (N) 17.1 4 48X, CC, to 49X, CC 451.20-460.70  (455.95)
49. FAD D. maccollumii (D) - —_ 49X-4, 49 cm, to 50X-1, 45 cm 456.19-461.15  (458.67)
50. FAD Denticula cf. kanayae (D) +16.9 20 49X-4, 49 cm, to 50X-1, 45 cm 456.19-461.15  (458.67)
51. FAD C. lewisianus v. similis (D) +17.4 20 49X-4, 49 cm, to 50X-1, 45 cm 456.19-461.15  (458.67)
52. FAD Nitzschia grossepunctata (D) — — 50X-1, 45 cm, 1o 51X-1, 45 cm 461.15-463.15  (462.15)
53. LAD Catapsydrax dissimilis (F) 17.6 21, 4 51X, CC, 1o 52X, CC 472.20-481.70  (476.95)
54. LAD Coscinodiscus rhombicus (D) 17.5-17.6 4] 52X-4, 42 cm, to 52X, CC 477.12-481.70  (479.41)
55. LAD Naviculopsis (S) +17.5 25 53X-3, 42 cm, to 54X-2, 40 cm 485.12-493.10  (489.11)
56. LAD Triceratium pileus (D) +17.6 20 53X-3, 42 cm, to 54X-2, 40 cm 485.12-493.10  (489.11)
57. FAD Denticula nicobarica (D) +17.8 20 54X-2, 42 cm, to 54X-5, 40 cm 493.10-494.40  (493.75)
58. LAD R. symmetrica (D) 18.7 42 55X-1, 40 cm, to 56X-1, 85 cm 501.10-511.05  (506.08)
59. FAD N. maleinterpretaria (D) 18.8 20 56X-1, 87 em, 57X-2, 82 cm 511.07-522.02  (516.55)
60. LAD Rocella schraderi (D) ~18.8 43 56X-1, 87 cm, to 57X-2, 82 cm 511.07-522.02  (516.55)
61. LAD Rocella vigilans (D) — — 56X-1, 87 cm, to 57X-2, 82 cm 511.07-522.02  (516.55)
62. LAD Rocella gelida (D) 227 21 56X-1, 87 cm, to 57X-2, 82 cm 511.07-522.02 (516.55)
63. FAD Cyrtocapsella tetrapera (R) 22.1 21 58X, CC, 10 59X, CC 538.70-548.20  (543.45)
64. FAD Thalassiosira fraga (D) 19.9 21 59X-2, 82 cm, 60X-2, 80 cm 541.02-550.50  (545.76)
65. LAD Triceratium groningensis (D) — — 59X-2, 82 cm, to 60X-2, 80 cm 541.02-550.50  (545.76)
66. LAD Bogorovia veniamini (D) +19.9 44 59X-2, 82 cm, to 60X-2, 80 cm 541.02-550.50  (545.76)
67. LAD C. lewisianus v. rhomboides (D) 22.5 21 59X-2, 82 cm, to 60X-2, 80 cm 541.02-550.50 (545.76)
68. LAD Thalassiosira primalabiata (D) 21.7 21 59X-2, 82 cm, to 60X-2, 80 cm 541.02-550.50  (545.76)
69. FAD R. marylandicus (D) — — 61X-2, 82 cm, to 62X-2, 40 cm 560.02-569.10  (564.56)
70. Top P21b Zone (F) 28.1 4 62X-2, 92 cm, to 62X-3, 90 cm 569.62-570.90  (570.26)
71. Top Reticulofenestra bisecta Zone (N) 237 1,4 63X, CC, to 64X, CC 586.20-595.70  (590.95)
72. Top Chiasmolithus altus (N) 23.7-28.1 2 64X, CC, to 65X, CC 595.70-605.20  (600.45)
73. FAD R. gelida (D) 24,0 (21), 23.8-24.0 (25) 65X, CC, to 66X, CC 605.20-614.70  (609.95)
Possible Hiatus
74, Base P21B Zone (F) 30.0 4 69X, CC, to 70X, CC 643.20-652.70  (647.95)
75. Base P19/20 Zone (F) 34.0 4 =>72X, CC >671.70
76. FAD R. vigilans (D) ~33.0 20 =72X, CC >671.70

2 D = diatom; F = planktonic foraminifer; N = calcareous nannofossil; S = silicoflagellage; + = direct correlation to paleomagnetic stratigray

. Wise (1983); 2. Martini and Miiller (1986); 3. Perch-Nielsen (1985); 4. Berggren et al. (1985); 5. Kent and Gradstein (1985); 6. Jenkins (1985); 7. McGowran (1986);

9. Burckle et al. (1978); 10. Ciesielski (1983); 11. Chen (1975); 12. Weaver (1983); 13. L.H. Burckle pers, comm. (1980) to Barron (1985); 14. Barron et al. (1985),
Ciesielski (1985); 15. Ciesielski (1985); 16. Gombos (1983); 17. Fenner (1984); 18. Weaver and Gombos (1981); 19. Hays and Shackleton (1976); 20. Barron (1985);
21. Barron et al. (1985); 22. Johnson and Wick (1982); 23. Barron (1983); 24. radiometric age by Hausback (1984) in Kim and Barron (1986); 25. Barron et al.
(1985b); 26. inferred from Gombos and Ciesielski (1983); 27. inferred from Shaw and Ciesielski (1983); 28. Backman and Shackleton (1983); 29. Mijajima (1974);
30. Thierstein (1977); 31. Haq and Takayama (1984); 32. Theyer et al. (1978); 33, Barron (1986); 34. Samtleben (1980); 35. Ryan et al. (1974); 36. Burckle et al.
(1978); 37. Thierstein et al. (1977); 38. Ciesielski (unpub. data); 39. inferred from (10) and (15); 40. based on correlation with LAD of Coscinodiscus; 41. corrected
age from Weaver and Gombos (1981) based upon ages of bracketing calcareous nannofossils; 42. age based on relative position to nannofossils datum at Site 278;
43. based upon coincidence of datum with the FAD of N. maleinterpretaria in Site 513, as cited by Gombos and Ciesielski (1983); 44. L.H. Burckle (pers. comm) to

Barron (1982).
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Figure 12. Age vs. depth relationship and average sedimentation rates for the Neogene of Site 704. Sparse biostratigraphic data from the lower part of Hole 704B (below Core 114-704B-63X) at this
time prevents high resolution age vs. depth determinations. Numbered datums correspond to biostratigraphic and magnetostratigraphic datums identified in Table 3. The sub-bottom depth ranges
of individual datums that occur in both holes are plotted separately if their ranges do not overlap; if they overlap, the plotted depth represents the interval of overlap.



704B-49X, CC) and the occurrence of several datums bracketing
the boundary in Sample 114-704B-48X-3, 81 cm (Table 3). The
Oligocene/Miocene boundary is placed between Sections 114-
704B-64X, CC, and 114-704B-63X, CC, at the top of the Retic-
ulofenestra bisecta Zone. The early/late Oligocene boundary is
tentatively placed at the base of foraminifer Zone P21b, be-
tween Sections 114-704B-69X, CC, and 114-704B-70X, CC.

Strong reworking was observed in all microfossil groups in
the Pleistocene. In the Oligocene and Neogene sediments, only
sporadic reworked specimens were encountered.

Paleoenvironment

Radiolarian assemblages indicate warm surface waters in the
early to middle Miocene, and similar conditions persisted into
the late Miocene. Warmer waters characterized the early Plio-
cene. Radiolarians deposited after the early Pliocene show the
occurrence of a general cooling trend. Ratios of the silicoflagel-
late genera Dictyocha/Distephanus in the Pleistocene show
warm-water conditions prevailed during the deposition of Sec-
tion 114-704A-7H, CC.

The nannofossils have a major change in assemblages be-
tween Sections 114-704B-48X, CC, and 114-704B-47X, CC,
representing a drop in surface water temperature. Dramatic
changes in the abundance of different nannofossil species in the
uppermost three cores (114-704A-1H through 114-704A-3H)
possibly reflect a rapidly changing environment of deposition.

The stratigraphic ranges of some diatom species in the Neo-
gene seem to be determined predominantly by paleoenviron-
mental changes. Diatom abundance through time indicates three
periods of increased productivity. These were during the late
Oligocene, the middle to early late Miocene, and the latest Mio-
cene to Pleistocene.

Deposition at Site 704 was above the foraminiferal lysocline
from the Oligocene to Pleistocene, with deposition near the ly-
socline during the late Oligocene and late Pliocene. The benthic
foraminifers indicate a paleowater depth of >1000 m.

Calcareous Nannofossils

Hole 704A

Eight core samples and all of the core-catcher samples were
examined from Hole 704A. All samples examined contain nan-
nofossils. The nannofossil floras are assigned to Martini’s (1971)
zones, as described in the “Explanatory Notes” chapter, this
volume.

Biostratigraphy

Sample 114-704A-1H-2, 100-101 cm, to Section 114-704A-
13X, CC, contain Pseudoemiliana lacunosa and are assigned to
NNI19 (middle Pleistocene-upper Pliocene). Samples in the in-
terval between Sample 114-704A-14H-5, 33-34 cm, and Section
114-704A-15H, CC, additionally contain Helicosphaera sellii, a
species with a LAD within NN19; thus, these samples can be as-
signed to the lower part of NN19 (lower Pleistocene-upper Plio-
cene).

The very rare occurrence of Discoaster brouweri and the
presence of Calcidiscus macintyrei in Section 114-704A-16H,
CC, indicate the presence of NN18 or older strata. The very rare
occurrence of Discoaster pentaradiatus in Section 114-704A-
18X, CC, indicates the presence of NN17 or older strata, whereas
the presence of very rare Discoaster surculus in Section 114-
704A-20X, CC, indicates the presence of NN16 or older strata.
These fossils are all very rare, and their last occurrences, which
are used to zone the upper Pliocene, are not necessarily their ex-
tinctions. The continued occurrence of Gephyrocapsa spp.
down to Section 114-704A-22X, CC, indicates the presence of
NNI15 or younger strata. Rare specimens of Reticulofenestra

SITE 704

pseudoumbilica possibly restrict this sample to NN15, but these
may be reworked.

A stratigraphic break may occur between Sections 114-704A-
22X, CC, and 114-704A-23X, CC. This is reflected in the nan-
nofossil flora by an abrupt change in the assemblages from
those dominated by Coccolithus pelagicus to those dominated
by R. pseudoumbilica.

Sections 114-704A-23X, CC, and 114-704A-24X, CC, are as-
signed to NN15-11 on the basis of the presence of R. pseudo-
umbilica in both samples and Amaurolithus delicatus in the
lower sample. Below Section 114-704A-25X, CC, the strata are
assigned to NN15-?7. The nannofossil floras are of low diver-
sity and are dominated by R. pseudoumbilica, Reticulofenestra
perplexa, and C. pelagicus.

Hole 704B

The core-catcher samples from Hole 704B were examined for
nannofossils. The samples all contain abundant nannofossil flo-
ras that are assigned to the zones of Martini (1971) and Wise
(1983).

Biostratigraphy

Sections 114-704B-1H, CC, to 114-704B-13H, CC, contain
P. lacunosa and are assigned to NN19 (middle Pleistocene-up-
per Pliocene). Samples between Sections 114-704B-14H, CC,
and 114-704B-16X, CC, additionally contain H. sellii, a species
with a LAD within NN19. These samples are thus assigned to
the lower part of NN19 (lower Pleistocene-upper Pliocene).

The very rare occurrence of D. brouweri and the presence of
C. macintyrei in Section 114-704B-17X, CC, indicate the pres-
ence of NN18 or older strata. No older Pliocene zones were rec-
ognized in the interval between Sections 114-704B-17X, CC, to
114-704B-21X, CC, although comparisons with Hole 704A
would suggest that they are probably present.

A stratigraphic break may occur between Sections 114-704B-
21X, CC, and 114-704B-22X, CC. This is reflected in the nan-
nofossil floras by an abrupt change from assemblages domi-
nated by C. pelagicus to those dominated by R. pseudoumbil-
Ica.
Sections 114-704B-22X, CC, to 114-704B-24X, CC, are as-
signed to NN14-9 (lower Pliocene-middle Miocene) on the ba-
sis of the presence of Amaurolithus triconiculatus (NN14-11) in
the highest sample and D. pentaradiatus in the lowest sample.
The underlying samples between Sections 114-704B-25X, CC,
and 114-704B-45X, CC, are assigned to NN14-?7. They contain
abundant nannofossil floras of low diversity that lack age-diag-
nostic species. The dominance of these floras by R. pseudoum-
bilica and R. perplexa, together with their stratigraphic posi-
tion, confirms this age assignment.

An abrupt change in the nannofossil flora between Sections
114-704B-45X, CC, and 114-704B-46X, CC, indicates a strati-
graphic break. The co-occurrence of Sphenolithus heteromor-
phus and C. macintyrei in the latter section indicate assignment
to NN5-4. The nannofossil floras from this interval are domi-
nated by Cyclicargolithus floridanus and C. pelagicus.

Samples below the FAD of C. macintyrei are assigned to be-
tween NN4 and the Cyclicargolithus abisectus Zone, between
Sections 114-704B-50X, CC, and 114-704B-63X, CC. No zonal
index taxa are present, with the exception of C. abisectus. This
species appears to range as high as NN5 in this area, or it is re-
worked. Whichever case, the top of the C. abisectus Zone, the
top of which is defined by the LAD, cannot be accurately
picked in Hole 704B. The Reticulofenestra bisecta Zone is rec-
ognized in Section 114-704B-64X, CC, by the occurrence of the
nominate taxon. The top of the Chiasmolitus altus Zone is rec-
ognized in Section 114-704B-65X, CC, by the consistent and
significant occurrence (1%-3% of nannofossil flora) of the

643



SITE 704

nominate taxon. This zone is present down to the lowest sample
examined, from Section 114-704B-72X, CC.

Paleoenvironment

The uppermost three cores of Hole 704A are characterized
by abundant alternations of the different species dominating the
nannofossil floras. These species are Gephyrocapsa spp., Calci-
discus leptoporus, and C. pelagicus. The environmental signifi-
cance of these changes is unknown, but they probably reflect
rapidly changing surface waters. The lower Pliocene to Miocene
nannofossil floras are of low diversity and are dominated by
placoliths. These assemblages are typical of cold-water, high-
latitude areas.

Preservation

The nannofossil floras from the upper part of Hole 704B
(above Core 114-704B-10H) consist of slightly etched cocco-
liths. Below this, they become increasingly overgrown with sec-
ondary calcite deposition.

Planktonic Foraminifers

Samples from Sections 114-704A-1H, CC, to 114-704A-25X,
CC, and 114-704B-26X, CC, to 114-704B-72X, CC, were exam-
ined. Core recovery at Hole 704A below Core 114-704A-25X
was poor and, therefore, samples from Hole 704B were studied,
commencing with Core 114-704B-26X, which has a sub-bottom
depth 2.5 m below that of Core 114-704A-26X.

Biostratigraphy

The sediment age ranges from Quaternary to early Oligo-
cene, without any evidence of large unconformities. The low di-
versity during the Quaternary-Pliocene, the almost total ab-
sence of the marker species of both standard and Jenkins’
(1985) zonations and of Kennett’s (1973) zonation in the South-
west Pacific during the Miocene do not allow the application of
any zonal scheme. Within the Oligocene the scheme of Berggren
et al. (1985) has been tentatively applied.

The age of the examined samples is summarized as follows:

Hole 704A

1H, CC
2H, CC, 1o 23X, CC
24X, CC, and 25X, CC

Quaternary-late Pliocene
Quaternary-Pliocene
Quaternary-late Miocene

27X, CC Miocene
Hole 704B
26X, CC Quaternary-late Miocene

28X, CC, 1o 31X, CC
32X, CC, to 40X, CC
41X, CC, to 51X, CC
52X, CC, to 56X, CC
57X, CC, to 62X-2, 90-92 ¢m

late Miocene

early late Miocene-middle Miocene
middle Miocene-early Miocene
early Miocene

early Miocene-late Oligocene
(N4-P21b)

late Oligocene (P21b)

early Oligocene (P21a-20)

early Oligocene (?P19-20)

62X-3, 90-92 ¢m, to 69X, CC
70X, CC, to 72X-3, 20-22 cm
72X, CC

The Pliocene/Miocene boundary can be defined on the basis
of planktonic foraminifers because the assemblages of Sections
114-704A-24X, CC, 114-704A-25X, CC, and 114-704B-26X,
CC, contain only Neogioboguadrina pachyderma, which ranges
from Quaternary to late Miocene in age.

The Miocene/Oligocene boundary is based on the FAD of
Globoquadrina dehiscens. This event, however, is not very reli-
able due to the poor fossil preservation in this hole.

The late Oligocene/early Oligocene boundary is placed at
the level of the LAD of chiloguembelinids.

In the Quaternary-upper Miocene stratigraphic interval, si-
nistral N. pachyderma is the most abundant foraminifer. It is

associated with common to abundant specimens of the Globo-
rotalia crassaformis group, Globigerina quinqueloba, Globiger-
ina bulloides, Globigerina umbilicata, and Globigerina uvula.
Globigerina inflata is present only in Section 114-704A-1H, CC.
Globorotalia scitula is common in Section 114-704A-21X, CC.
The planktonic foraminifer assemblage is almost monospecific
in Sections 114-704A-23X, CC, to 114-704A-25X, CC, and 114-
704B-26X, CC, represented only by N. pachyderma, although a
few G. crassaformis appear in Section 114-704A-23X, CC. It is
possible that sediments in Section 114-704B-26X, CC, were de-
posited below the foraminifer lysocline. N. pachyderma is ab-
sent below Sample 114-704B-26X, CC.

The subdivision of the Miocene stratigraphic interval into
stages is difficult because the planktonic foraminifer ranges are
completely unknown in this area. The upper Miocene interval is
based on the presence of rare Neogloboquadrina acostaensis,
the FAD of which is a standard event of the N16 lower bound-
ary. This form is associated with G. continuosa and Globorota-
lia panda. These latter two forms, however, show a range from
middle Miocene to early late Miocene in New Zealand and in
the Southwest Pacific. Therefore, a hiatus may be present in the
upper Miocene. Sample 114-704B-28X, CC, contains abundant
reworked early Miocene age fossils, such as Catapsydrax dissi-
milis and Globorotalia zealandica, without excluding middle
Miocene reworked fossils, such as Globigerina druryi.

The early late Miocene-middle Miocene age is based on the
absence of N. acostaensis and the presence of G. continuosa
and G. panda, which are associated with G. scitula, G. bulloi-
des, and Globigerina juvenilis. Because N. acostaensis was very
rare in the overlying interval, it is not possible to exclude an
early late Miocene age for this stratigraphic interval.

The middle Miocene-lower Miocene stratigraphic interval is
characterized by the abundance of G. scitula; G. panda does
not occur below Section 114-704B-40X, CC. The assemblages
of this age include G. bulloides, Globigerina woodi woodi, G.
woodi connecta, and rare Globorotalia miozea.

The lower Miocene is well defined by the LAD of C. dissimi-
lis, which is the second standard event in this hole and indicates
the upper boundary of NS5. Globigerina brazieri, G. woodi
woodi, G. woodi connecta, G. scitula, and rare G. dehiscens,
and Globoguadrina praedehiscens, and Globorotalia acrostoma
are the planktonic foraminifers characteristic of this age. Some
forms similar to Globigerinoides trilobus occur without second-
ary apertures.

Within the upper Oligocene, the upper boundary of the
P21b Zone is placed at the last occurrence of Globorotalia op-
ima opima, but the range of this marker species could be shorter
at high latitude.

Paleoenvironment

From the Quaternary to the early Oligocene, deposition was
above foraminiferal lysocline but appears to have oscillated close
to it during some stratigraphic intervals, such as the lower Plio-
cene and upper Oligocene.

The lack of the Globigerinoides lineage during the whole Ne-
ogene is a characteristic feature of this area that can be linked to
the low temperature of the surface water. The abundance of
Globorotalia, although the species diversity is low, in the differ-
ent stratigraphic intervals is confusing because the Globorotalia
are generally considered subtropical-temperate species (Kennett
and Srinivasan, 1983).

Figure 13 is a preliminary relative abundance diagram of an-
gular or slightly keeled Globorotalia vs. planktonic foraminifers
and of planktonic foraminifers vs. radiolarians and large dia-
toms. This diagram has been correlated with the percent CaCO,
curve, It appears that within the late Oligocene a strong de-
crease of planktonic foraminifers (Globorotalia are absent dur-
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Figure 13. Relative abundances of Globorotalia vs. planktonic foraminifers and planktonic foraminifers vs. planktonic microfossils (> 150

pm).

ing the Oligocene) did not influence the CaCO, content in the
sediments. The depth of deposition may have been such that
dissolution could destroy foraminifers tests but not those of cal-
careous nannoplankton. During the Miocene the Globorotalia
fluctuations follow the planktonic foraminifers fluctuations, ir-
relative of the CaCO, variations. Close to the Pliocene/Quater-
nary boundary, Globorotalia, planktonic foraminifers, and CaCO,
show a strong decrease that is probably the result of a carbonate
dissolution episode. Within the late Pliocene-Quaternary the
abundance of Globorotalia fluctuations seems to be linked
more to CaCO; fluctuations than to the total planktonic abun-
dance.

Preservation

Planktonic foraminifers are generally abundant in every
stratigraphic interval, and they are associated with radiolarians
and diatoms. Their preservation is good down to Section 114-
704A-5H, CC, moderate from Sections 114-704A-6H, CC, to
114-704B-53X, CC, with recrystallized tests, and very poor from
Sections 114-704B-54X, CC, to 114-704B-72X, CC, with some
intervals of almost complete dissolution (Sections 114-704B-
66X, CC, to 114-704B-69X, CC).

Benthic Foraminifers

Core-catcher samples from Holes 704A (Cores 114-704A-1H
to 114-704A-30X) and 704B (Cores 114-704B-30X to 114-704B-
72X) yielded generally well-preserved, moderately diverse ben-
thic foraminifer assemblages. Preservation is deteriorated below
Section 114-704B-65X, CC. Core-catcher samples were barren
in Cores 114-704B-63X and 114-704B-66X. The species compo-
sition of the benthic foraminifer fauna remained fairly consis-
tent, with few significant changes observed within the section
recovered at Site 704. The most notable occurrence is the range

of Planulina wuellerstorfi in samples from Sections 114-704B-
48X, CC, to 114-704A-TH, CC. P. wuellerstorfi is a cosmopoli-
tan, deep-water taxon that ranges in other localities worldwide
from the middle Miocene (N9) through the Pleistocene (N23).

The benthic foraminifer fauna at Site 704 is dominated by
Cibicidoides mundulus, Cibicidoides cicatricosus, P. wueller-
storfi, Globocassidulina subglobosa, Gyroidinoides spp., Lafi-
carinina pauperata, Melonis barleeanus, Melonis pompilioides,
Oridorsalis spp., Pullenia bulloides, Pullenia eocaenica, Pulle-
nia quinqueloba, and Stilostomella spp. Other common species
include Astrononion pusillum, Cassidulina crassa, Cibicidoides
bradyi, Cibicidoides robertsonianus, Ehrenbergina gibbera, Eg-
gerella bradyi, Karreriella subglabra, Martinottiella sp., Nonion
sp., Nuttallides umbonifera, miliolids, Uvigerina peregrina, and
Uvigerina sp.

There is some evidence of reworking at Site 704. Section 114-
704A-12X, CC, contains common shallow-water Hanzawaia sp.
Section 114-704A-23X, CC, contains several older, reworked spec-
imens, including Cibicidoides eocaenus (Eocene to Oligocene)
and Nuttallides truempyi (Campanian to Eocene). Sections 114-
704A-30X, CC, and 114-704B-30X, CC, include several speci-
mens of the older form C. eocaenus.

The benthic foraminifer faunas indicate a lower bathyal to
abyssal paleodepth (> 1000 m) at Site 704 for the section recov-
ered (based on van Morkhoven et al., 1986).

Diatoms

At Site 704, which is in a basinlike structure on the Meteor
Rise, two holes were drilled to recover a 585-m-thick Neogene
sequence overlying 87 m of upper Oligocene sediments.

Diatoms are abundant and well preserved throughout most
of the recovered section except for two intervals, where their
abundance is reduced and preservation is relatively poor. One
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interval covers the lower to lower middle Miocene, and the other
falls in the upper Miocene (Fig. 16).

Most Southern Ocean marker species are present in Site 704
Oligocene and Neogene sediments. The absence or rarity of
some index species (e.g., Nitzschia denticuloides, Denticulopsis
hyalina, and Denticulopsis lauta) is a result of the principal por-
tion of their ranges missing because of erosion or nondeposi-
tion. The additional occurrence of lower latitude index species
will provide extra stratigraphic resolution and a means of corre-
lating high- and low-latitude zonal schemes.

Using the most probable paleomagnetic interpretation, some
of the late Neogene stratigraphic marker species, which were
more consistently present at this site, showed a later FAD than
reported for the subantarctic region by former workers (e.g.,
FAD Nitzschia weaveri) or a LAD later than at other subantarc-
tic sites (e.g., Nitzschia interfrigidaria). In single cases rework-
ing might not have been recognized as such because the re-
worked material is of just slightly older age. But, in general, the
shift of the LADs as well as FADs in sediments of late Pliocene
and Quaternary to younger age means that these datums are di-
achronous toward the northern margin of the subantarctic zone.
For this reason some of the middle Miocene to Quaternary dia-
tom zones identified for Holes 704A and 704B and listed below
are not time equivalent with those established at sites fully un-

der the subantarctic influence.
The following zones were identified:

Depth
Zone Hole 704A (mbsf)
Coscinodiscus lentig 1H-1, 2 cm, to 2H-5, 0.02-14.4
120 ¢m, and CC
Coscinodiscus elliptipora-Acti-  2H-6, 120 cm, to 11H-  15.9-97.9
nocyclus ingens 4, 70 cm
Rhizosolenia barboi-Nitzschia  11H-4, 80 cm, to 11H-  98.0-100.45
kerguelensis 6, 35 cm
Coscinodiscus kolbei-R. bar-  11H-6, 80 cm, to 16H-  101.00-142.5
boi to N. weaveri 2, 80 cm
N. interfrigidaria-Coscinodis-  16H-4, 70 cm, to 18H,  145.50-168.7
cus vulnificus cC
Hiatus—~2.8 or 2.9 to 2.5 Ma ~171-169
N. interfrigidaria 18H, CC, 19H, CC 168.70-178.20
Nitzschia praeinterfrigidaria 20H-2, 70 ¢cm, 21H-4,  180.40-192.25
5 cm
Nitzschia angulata 20H, CC, to 21X-3, 187.70-191.52
82 cm
Nitzschia reinholdii 21X-4, 5 cm, to 23X, 192.25-216.20
cC
Denticulopsis hustedtii 24X, CC, to 30X, CC  225.70-282.70
Hole 704B
C. lentiginosus 1H-1, 24 cm, to 3H, 0.2-25.70
cC
C. elliptipora-A. ingens 4H-2, 95 cm, to 11H,  28.15-101.70
CcC
R. barboi-N. kerguelensis 12H, CC 111.20
C. kolbei-R. barboi 13H-2, 125 cm, to  113.95-149.70
17H-2, 100 cm
C. vulnificus to N. interfrigi- 17H, CC, to 19H-1, 156.70-166.41
daria-C. vulnificus 21 cm
Hiatus—~2.8 or 2.9 to 2.5 Ma ~ 160-165
N. interfrigidaria 19H-1, 75 cm, to 19H,  166.95-175.70
CcC
N. angulata 22X, CC, to 23X-2, 185.20-204.20
70 cm
N. reinholdii 23X-2, 70 cm, to 23X,  213.70-206.40
cC
D. hustedtii 24X, CC, to 26X, CC  223.20-242.20
? 27X, CC, to 32X, CC  252.70-299.20
D. hustedtii 24X, CC, to 3X-5, 223.20-287.02
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Depth
Zone Hole 704A {mbsf)
Hiatus—Maximum duration = ~2.5 m.y. ~287-308
(~8.5-6.5 Ma)
D. hustedtii-D. lauta 33X, CC, to 46X-2, 308.70-425.02
82 cm
Hiatus—Maximum duration = —6.0 m.y. ~425.02-432.20
(~9.0-~15.0 Ma)
lower Coscinodiscus lewisianus ~ 47X-5, 79 cm, to 48X-  438.99-442.49
1, 79 cm
Coscinodiscus rhombicus 52X, CC, to 55X-1, 481.70-501.10
40 cm
Rocella gelida 56X-1, 85 cm, to 65X,  511.05-605.20
CcC

Rocella vigilans 66X, CC, to 72X, CC  614,.70-671.70

Within the Quaternary the LAD of Rouxia spp. occurs in
Section 114-704A-1H, CC. The rarity of species of the genus
Rouxia at this site prevents this occurrence from providing a re-
liable datum. Hemidiscus karstenii has its last abundant occur-
rence at approximately 3 m core depth (Sample 114-704B-1H-2,
150 cm).

Three possible hiatuses can be identified (Fig. 12). The youn-
gest of these occurs in the upper Pliocene and may represent an
interval of the late Gauss Chron between 2.9 or 2.8 Ma and
~2.5 Ma. A second hiatus occurs in the upper Miocene and
probably represents a 2.0- to 2.5-m.y. period between ~ 8.5 and
6.5 Ma. The third hiatus encompasses most of the middle Mio-
cene and lowermost upper Miocene, between ~ 15.0 and 9.0 to
10.0 Ma. An additional hiatus may occur in the Oligocene sec-
tion; however, biostratigraphic resolution of this interval is cur-
rently inadequate to make such a determination.

Reworked diatoms are abundant in the Quaternary and com-
mon in the late Quaternary sediments (the first four cores in
both holes). In Pliocene and middle Miocene sediments, only
sporadic single, reworked diatom valves were encountered (e.g.,
Sections 114-704B-13X, CC, 114-704B-22X, CC, 114-704B-48X,
CC, and 114-704B-49X, CCQC).

Radiolarians

Most core-catcher samples from Site 704 generally yielded
common to abundant and moderately well-preserved radiolari-
ans. From the biostratigraphic zonations of Hays and Opdyke
(1967) and Chen (1975) from the antarctic and Weaver (1983)
from the subantarctic regions, the following zones were recog-
nized:

Hole 704A

1H, CC, to 13H, CC Stylatractus universus and the re-
maining Quaternary section (0.49-
1.9 Ma)

Eucyrtidium calvertense (late Plio-
cene: 1.7-2.47 Ma: ® Zone, Matu-
yama, Chron C2N-C2R)
Helotholus vema (early Pliocene:
2.47-5.10 Ma; « and 7 Zone;
Gauss-Gilbert, Chron C2AN-C3R)
No sample

Unzoned (late Miocene)

14H, CC, to 16H, CC

17X, CC, to 25X, CC

26X, CC, to 28X, CC
29X, CC, to 30X, CC

Hole 704B

25X, CC, to 30X, CC H. vema (early Pliocene: 2.47-5.10
Ma; o and r Zone; Gauss-Gilbert,
Chron C2AN-C3R) to late Mio-
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31X, CC, to 34X, CC
35X, CC, to 38X, CC

Undetermined

Unzoned (coeval to the low-latitude
Didymocyrtis antepenultima Zone;
late Miocene)

Unzoned (middle-early Miocene)
Unzoned (late-early Oligocene)

39X, CC, to 58X, CC
9%, CC, to 72H, CC

Section 114-704A-1H, CC, is identified as belonging to S.
universus Zone; therefore, the modern Antarctissa denticulata
Zone is likely within Core 114-704A-1H. However, the absence
of Saturnalis circularis in the Quaternary section prevents defi-
nition of the base of the S. universus Zone and the underlying
S. circularis Zone.

The overlying H. verna Zone of both Holes 704A and 704B
can also be assigned to Weaver’s (1983) Stichocorys peregrina
Zone by the occurrence of the named species.

A part of upper Miocene unzoned interval was considered as
correlative to the low-latitude Didymocyrtis antepenultima Zone
because of the occurrence of Diartus hughesi in the Site 704
samples. This species has the same geological range as D. ante-
penultima (Sanfilippo et al., 1985).

For the unzoned middle to lower Miocene section, neither
the antarctic zonal schemes of Hays and Opdyke (1967) and
Chen (1975) nor the low-latitude zonation of Sanfilippo et al.
(1985) is generally applicable to Site 704 sediments, apparently
because of temperate depositional conditions.

Furthermore, as already indicated at previous sites, no zona-
tion has ever been proposed for the Paleogene section from the
high- to midlatitude South Atlantic region.

We attempted to evaluate the synchronology of radiolarian
events between western and eastern subantarctic regions. Some
of the biostratigraphically important datums calibrated against
paleomagnetic data presented by Weaver (1983) from DSDP
Leg 71 are listed with those observed from Site 704. Tm refers to
the top (last), or youngest, geological occurrence; Bm is for the
basal (initial), or oldest, occurrence.

Tm Triceraspyris coronata 114-704A-24X, CC ~4.25 Ma; just

below Nunivak Subchron
Tm Amph ium challeng 114-704A-25X, CC, and 114-704B-
25X, CC 4.35-4.45 Ma; above
or within the Sidufjall Sub-
chron
114-704A-25X, CC, and 114-704B-
25X, CC 4.6-4.4 Ma; within
the lower Gilbert Chron
114-T04A-29X, CC, and 114-704B-
27X, CC 5.5 Ma
114-704B-29X, CC 6.0-5.8 Ma
114-704B-30X, CC ~6.3 Ma
114-704B-35X, CC ~8.6 Ma
114-704B-44X, CC B.7-9.1 Ma

Tm Stichocorys peregrina

Tm Lamprocyclas aegles group

Bm L. aegles group

Bm 8. peregrina

Tm Diartus hughesi

Tm Cyrtocapsella japonica

To this list, a new biostratigraphic datum of the basal ap-
pearance of Cyrfocapsella tetrapera can be added for the region.
In many parts of the world, this datum signals the base of Mio-
cene Epoch.

Silicoflagellates

Although silicoflagellate specimens were moderately well pre-
served, their occurrence was sporadic in core-catcher samples
from Site 704. Utilizing the biostratigraphic zonations of Ciesi-
elski (1975) and Shaw and Ciesielski (1983), silicoflagellate-
bearing sediments were assigned as follows:

Hole 704A

1H, CC, to 16H, CC
17X, CC to 25X, CC

Unzoned (Quaternary-late Pliocene)
Distephanus boliviensis (early Pliocene)

SITE 704

Hole 704B
25X, CC D. boliviensis (early Pliocene)
34X, CC, to 36X, CC  Mesocena circulus/Mesocena diodon (late
Miocene)
37X, CC, to 52X, CC  Undetermined

53X, CC, to 55X, CC
58X, CC

59X, CC, to 62X, CC
63X, CC, to 65X, CC
66X, CC, to 67X, CC
68X, CC

69X, CC, to 70X, CC

Corbisema triacantha (early Miocene)
Naviculopsis robusta (early Miocene)
Naviculopsis biapiculata (early Miocene)
Undetermined

Corbisema archangelskiana (late Oligocene)
“Naviculopsis constricta/C. archangelskiana”
“N. constricta/ Dictyocha deflandrei”

Regarding the last two zones, which have names in quotation
marks, their assignment is provisional at present because of the
complete absence of an index species, Dictyocha deflandrei, in
the examined sediments.

Ebridians
Aside from the rare occurrence of Ammodochium rectangu-
lare in numerous samples, the only ebridian species observed in
core-catcher samples of Site 704 is Ebriopsis antiqgua antiqua,

occurring consistently in the lower Pliocene section from Sec-
tions 114-704A-17X, CC, through 114-704A-25X, CC.

Paleoenvironment

The presence of Cyrtocapsella tetrapera (radiolarian) in most
of sediments of early to middle Miocene age suggests a warm-
water environment during deposition. Similar conditions seem
to have persisted during the late Miocene, as evidenced by the
presence of Didymocyrtis didymus, a temperate counterpart of
tropical Didymocyrtis antepenultima (radiolarian), and more
warmer to near-tropical conditions are suggested by the occur-
rence of the tropical Stichocorys peregrina (radiolarian) in the
lower Pliocene. From that time to the present, a general cooling
trend has continued.

An attempt was made to interpret the Quaternary paleocean-
ographic depositional environment by means of the Dictyocha/
Distephanus ratio based on the modern distributional pattern
of Dictyocha (limited to the warm water), and Distephanus (ex-
clusively in a colder environment).

Core catcher

from section 1 2 3 4 5 6 7 8-13

depth (mbsl) 16.7 26.2 367 452 547 642 737 83.2-
121.2

ratio (%) 6 6 0 0 0 0 35 0

The only distinguished warmer conditions (probably a result
of the southward migration of the polar front) other than those
from the present time throughout the Quaternary at Site 704
were during the deposition of Section 114-704A-TH, CC, at
about 64 mbsf.

GEOCHEMISTRY

Pore-water samples were collected from nine intervals in Hole
704A (0-232 mbsf) and 15 intervals in Hole 704B (249-665
mbsf). Pore-water chemistry at this site reflects alteration reac-
tions with volcanic silicic ash present in the upper sediment col-
umn and most likely present below the recovered section. Unit I
(0-451.2 mbsf) consists of middle Miocene to upper Pleistocene
biogenic oozes dominated by alternating siliceous-rich (diato-
maceous) and calcareous-rich (nannofossils and foraminifers)
intervals, Disseminated ash is observed throughout Unit I and is
common in the upper 40 m, whereas discrete ash-bearing hori-
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zons occur at about 80, 174, 220, 254, 265 and 542 mbsf (see
“Lithostratigraphy” section, this chapter). Below about 178
mbsf, the abundance of both the siliceous-rich intervals and
diatoms in the calcareous oozes decrease abruptly. This lower
interval is predominantly nannofossil ooze with scattered car-
bonate-poor diatom-bearing intervals.

Unit II (451.2-671.7 mbsf) consists of a lower Oligocene to
middle Miocene micritic nannofossil chalk that is indurated be-
low 491.2 mbsf. Pore-water chemistry reflects carbonate recrys-
tallization reactions within this deeper sediment column, and
there is some evidence for microbial sulfate reduction. There is
no evidence from pore-water chemistry for formation of diage-
netic silica phases. No zeolites were observed, and the section
contains no chert.

Headspace samples were also analyzed for volatile hydrocar-
bons in both Holes 704A and 704B.

Sediment organic carbon was determined at irregular inter-
vals throughout Hole 704A (0-234 mbsf). Sediment carbonate
contents were determined at closely spaced intervals (3 to 5 per
section) throughout Hole 704A and in those intervals of Hole
704B where core disturbance was thought to be severe in Hole
704A (16 to 35 mbsf) and where we needed a high-resolution
stratigraphic interval at the bottom of both holes (below 215
mbsf).

Interstitial-Water Chemistry

Pore waters were squeezed from either 5- or 10-cm? whole-
round samples taken at about 30-m intervals. Squeezers were
maintained in a refrigerator at near-bottom-water temperatures
(0°-2.2°C) in order to duplicate the observations at Site 702.
Samples to be squeezed were placed immediately into these re-
frigerated squeezers and the water expressed through a 0.4-um
filter into a syringe. The same filter and syringe were used for
all of our investigations at Site 704 in an attempt to minimize,
characterize, and identify potential contamination artifacts in
the planned shore-based determinations. About 20 drops (Il
mL) of pore solution was expressed through each filter step (to
waste) to minimize carry-over dilution by adjacent samples.

Measurement of the final temperature of the squeezer outlet
port at the end of each squeeze confirmed that the temperature
rise was less than 2°C over the 10-15-min squeezing period. The
pore water was then postfiltered again from the syringe into
sample vials, using the same filter (0.4 pm) throughout the pro-
cedure, again filtering 20 drops to waste, Vials containing sam-
ples with noticeable hydrogen sulfide were left uncapped until
the H,S odor had disappeared, but no attempt was made to ac-
tively purge the gas from solution. Based on the intensity of the
odor, the sulfide levels in these interstitial fluids probably did
not exceed 100 pmol/L, so the potential error in the sulfate data
due to H,S reoxidation artifacts is negligible (0.1 mmol/L com-
pared to 29 mmol/L).

The results of the pore-water chemistry are reported in Table
4 and presented in Figure 14.

Salinity and Chloride

Salinity and chloride values at the top of the sediment col-
umn reflect the salinity of the overlying bottom water. Salinities
and chloride values increase slightly to a maximum at about 50
mbsf, from which depth they decrease again with depth. This
cyclic, small-amplitude, downward-damped salinity signal is due
probably to downward diffusion of glacial-interglacial fluctua-
tions in oceanic salinity into the sediment column from the sedi-
ment/water interface (McDuff, 1985). Other pore-water constit-
uents displaying maxima at about 50 mbsf (Ca?*, Mg?*, and
S0,?) are due to this salinity maximum. These ion/CI ratios are
virtually constant in the upper 50 m (conservative behavior).
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Calcium and Magnesium

Calcium concentrations increase in the upper 25 m from bot-
tom-water values (10.6 mmol/L) to about 11.4 mmol/L, and
then remain remarkably constant between 25 and 138 mbsf at
concentrations of 11.5 mmol/L + 0.1 mmol/L (Fig. 14). Below
138 mbsf, calcium concentrations begin increasing smoothly but
nonlinearly, reaching concentration levels of about 27 mmol/L,
almost three times that of seawater in the bottommost sample
(665 mbsf). Magnesium concentrations likewise increase slightly
down to 25 mbsf, and then remain fairly constant at concentra-
tions within 5% of seawater until a depth of 80 mbsf. Below this
level, magnesium concentrations decrease rapidly, reaching con-
centrations of 15 mmol/L at the bottom of the hole (665 mbsf).
The AMg/ACa ratio decreases slightly in the upper 138 m, from
where it decreases sharply to the bottom of the hole, reaching
minimum values of about 0.6.

A plot of calcium vs. magnesium demonstrates that the rela-
tive changes are not linear, particularly in the upper 200 m (Mg
> 37 mmol/L; Fig. 15). Above 200 m, the slope of the line is
less (more negative) than —2. Below 200 mbsf, the AMg/ACa
relationship is fairly linear (ignoring the bottommost points),
with a slope of about — 1.9, These values are diagnostic of al-
teration with silicic volcanic material (Gieskes and Lawrence,
1981; Gieskes, 1983; Baker, 1986).

The nonlinear shapes of these vertical calcium and magne-
sium profiles require reactions within the sediment column. The
nonconservative nature of the AMg/ACa plot and the high
slopes suggest that the magnesium and calcium profiles are con-
trolled by alteration of dispersed silicic ash within the upper sev-
eral hundred meters of the sediment column, below which the
AMg/ACa plot is nearly linear. These downward-diffusion pro-
files may be controlled by reaction with nonbasaltic basement,
or, more likely, with silicic volcanic ash horizons buried below
the depth of recovery.

Alkalinity

Alkalinity at the top of the hole is about 3.1 mmol/L, above
bottom-water concentrations (about 2.6 mmol/L). Alkalinity
increases downhole to a maximum value of about 4.4 mmol/L
+ 0.3 mmol/L between 150 and 400 mbsf. Below 400 mbsf, al-
kalinity decreases erratically downhole to minimum values of
about 2.0 mmol/L at the bottom of the hole (665 mbsf). Values
of pH decrease erratically from about 7.7 at the top of the hole
to about 7.4 below 400 mbsf.

These profiles are consistent with regeneration of organic
matter and dissolution of carbonates in the upper 150 m of the
sediment column. Below about 350 m, the downward-decreas-
ing alkalinities suggest carbonate precipitation/recrystallization
reactions, consistent with the presence of micritic calcite below
450 mbsf.

Fluoride, Silica, and Sulfate

Fluoride concentrations at the top of the hole are identical to
seawater values (70 pmol/L) and decrease slightly downhole to
80 mbsf, with a minimum value of 63 umol/L at 50 mbsf. From
80 mbsf, fluoride increases dramatically downhole to maximum
values of about 180 pmol/L in the interval between 305 and 364
mbsf, below which it decreases again to minimum values of 97
pmol/L at 556 mbsf. Below this, fluoride increases again to
about 147 pmol/L in the bottommost sample (665 mbsf). As
discussed in the “Geochemistry” section in the “Site 702” chap-
ter, this volume, this profile is probably not the result of temper-
ature-of-squeezing artifacts. The shape of the fluoride profile
requires the following interpretations:



Table 4. Interstitial-water chemistry data from Holes 704A and 704B.

SITE 704

Sample Depth  Volume Alkalinity  Salinity = Magnesium Calcium Chloride Sulfate Fluoride Silica Mg/Ca
(cm) (mbsf) (mL) pH  (mmol/L) (g/kg) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
Hole T04A:
1H-4, 145-150 5.95 48 7.75 3.14 34.5 54.82 10.63 567.00 28.42 70.20 840 5.16
3H-5, 145-150 24,15 49 7.70 3.46 349 56.15 11.38 582.00 30.02 72.20 1009 4.83
6H-3, 145-150 49.65 48 7.64 3.90 35.2 55.95 11.58 583.00 29.94 62.80 4.83
9H-4, 145-150 79.65 51 7.66 4.05 349 55.19 11.46 582.00 29.31 64.10 4.82
12H-5, 145-150  109.65 39 7.59 3.99 35.0 52.90 11.35 576.00 28.05 68.30 963 4.66
15H-5, 145-150 138.15 46 7.57 4.30 34.8 49.66 12.11 573.00 26.80 78.20 1096 4.10
18X-4, 145-150 165.15 39 7.41 4.37 34.8 45.72 13.73 569.00 2495 98.10 1080 3.33
21X-3, 145-150 192.15 25 7.49 4.20 345 41.30 15.11 567.00 23.12 112.70 1037 2.73
25X-4, 145-150  231.60 72 7.58 3.97 34.4 36.43 16.94 566.00 21.19 127.50 1092 2.15
Hole 704B:
27X-5, 145-150  249.60 53 7.57 4.16 34.4 35.68 17.46 569.00 20.55 137.60 1073 2.04
30X-2, 145-150  273.60 52 7.54 4,23 344 33.20 18.98 569.00 19.21 158.10 1064 2.04
33X-4, 145-150  305.10 39 7.48 4,70 34.1 29.93 20.26 563.00 18.57 179.60 1154 1.48
36X-2, 145-150  330.60 50 7.41 4.38 34.0 28.77 21.11 575.00 18.35 182.50 1189 1.36
39X-5, 145-150  363.60 33 7.41 4.34 34.0 27.27 21.97 565.00 17.25 178.90 1217 1.24
42X-5, 97-107 391.67 45 7.29 4,53 34.0 25.68 22.76 565.00 17.31 161.90 1249 1.13
46X-4, 140-150  428.60 23 7.36 3.37 34.0 25.06 22.59 566.00 17.19 131.10 1164 1.11
48X-2, 140-150 444,60 20 7.35 3.23 34.0 24.26 23.31 566.00 16.35 123.00 1117 1.04
52X-4, 140-150  478.10 26 7.36 3.90 4.1 22.84 24.25 567.00 15.71 113.60 1260 0.94
54X-5, 140-150  498.60 28 7.41 3.43 34.0 23.37 24.02 566.00 16.66 108.30 1216 0.97
58X-5, 140-150  536.60 12 7.46 3.35 34.1 23.28 24.33 563.00 16.63 98.90 1133 0.96
60X-5, 140-150  555.60 23 7.44 3.50 33.9 19.67 25.47 571.00 15.51 96.90 1139 0.77
63X-4, 140-150  582.60 20 7.36 2.54 34.0 20.45 25.81 571.00 15.15 110.50 1134 0.79
70X-1, 140-150  644.60 12 7.42 2.89 339 15.91 27.13 566.00 13.48 124.50 1240 0.59
72X-2, 140-150  665.10 12 7.48 1.91 336 15.26 26.83 564.00 13.70 146.60 1247 0.57

1. Fluoride production (dissolution of some fluoride-con-
taining solid phase) is occurring in the intervals displaying fluo-
ride maxima (305-364 mbsf and below 665 mbsf).

2. Fluoride consumption (precipitation of some solid phase
incorporating fluoride) is occurring in the intervals displaying
fluoride minima (50-305 mbsf and 400-665 mbsf).

3. Fluoride is diffusing down the gradients, away from the
maxima toward the minima.

The simplest explanation for these inferred reactions that is
consistent with the other data is carbonate recrystallization. Bi-
ogenic calcite contains about 200 ppm fluoride, apparently in-
advertently incorporated during rapid growth of calcitic tests
from seawater (Froelich et al., 1983). Upon near-equilibrium
dissolution and reprecipitation, inorganic calcite apparently ex-
cludes fluoride, partitioning it into the interstitial solution. Thus,
fluoride gradients may be sensitive indicators of contemporane-
ous carbonate recrystallization reactions in calcareous sedi-
ments. This interpretation would imply that the initial micritiza-
tion of carbonate skeletons starts just below 300 mbsf at this
site. The phases and reactions inferred to be consuming fluoride
are less clear, but may involve either precipitation of finely dis-
seminated carbonate fluorapatite or adsorption onto clays.

Dissolved silica concentrations at the top of the section are
about 840 pmol/L, far above bottom-water concentrations. Sil-
ica concentrations increase slightly downhole to about 1100 to
1250 pmol/L. This profile is consistent with the ubiquitous
presence of diatoms at this site and the absence of zeolites or
chert (Fig. 16).

Sulfate concentrations at the top of the hole are near seawa-
ter values and increase slightly through the upper 50 m, from
where they begin a downhole decrease to minimum values of
about 13.5 mmol/L in the bottommost samples. Hydrogen sul-
fide was noticeable by its odor in the sediments and interstitial
waters from core intervals between 24 and 110 mbsf, signifying
the presence of sulfate reduction in the virtual absence of reac-
tive iron, which would otherwise precipitate the free sulfide as

FeS. The shape of the sulfate pore-water profile suggests that
most of the sulfate reduction is occurring in the upper 200 m,
consistent with the presence of horizons with significant organic
carbon in the uppermost sediment column (Fig. 17). Organic
carbon is effectively zero below about 150 mbsf (see the follow-
ing).

Volatile Hydrocarbon Gases

Headspace analyses for volatile hydrocarbon gases in Holes
704A and 704B are tabulated in Table 5. The very low methane
values reflect the presence of sulfate throughout the sediment
and thus, the virtual absence of methanogenesis, except in mi-
croenvironments. The large increase in headspace methane at
the bottom of the hole (below 600 mbsf) may reflect upward dif-
fusion of biogenic methane from the sulfate reduction zone be-
low the recovered section.

Sedimentary Organic and Inorganic Carbon

Over 750 carbonate determinations were completed aboard
ship for Holes 704A and 704B to provide a first-order high-reso-
lution stratigraphic basis for correlating the two holes and to en-
sure a good paleoceanographic record of the carbonate and opal
fluctuations at this site for subsequent work. Calcium carbon-
ate and organic carbon data for Hole 704A are tabulated in Ta-
ble 6. Calcium carbonate data for Hole 704B are tabulated in
Table 7. The percent organic carbon profile for Hole 704A is
plotted in Figure 17. The percent calcium carbonate profile for
Site 704 is plotted in Figure 18.

The organic carbon data in Hole 704A clearly display an in-
direct correlation with % CaCO, variations in the upper 140 m,
below which the organic carbon content is indistinguishable
from zero. The organic-rich intervals correspond to siliceous
horizons (see “Lithostratigraphy” chapter). The depth interval
in which hydrogen sulfide was detected (24 to 110 mbsf) corre-
sponds to the depth interval with the highest organic carbon
contents. This carbonate cyclicity presumably reflects climati-
cally driven shifts from calcareous to opal-rich regimes, perhaps
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Figure 14. Pore-water calcium, magnesium, Mg/Ca ratio, pH, titration alkalinity, fluoride, dissolved silica, sulfate, salinity, and chloride profiles, Site 704.
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data trend below 200 mbsf. The A Mg/A Ca covariation over this depth
interval is about -1.9, characteristic of diffusive exchange below the re-
covered interval with silicic volcanic ash alteration. The nonlinear por-
tion of the curve shallower than 200 mbsf requires reaction within the
sediment column in this depth interval, probably also by alteration of si-
licic volcanic ash.
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SITE 704

Table 5. Volatile hydrocarbon gases (meth-
ane and ethane) from headspace analysis
of Site 704 samples.

Sample Depth C C,
(cm) (mbsf) (ppm) (ppm)
Hole T04A:
1H-3, 0-5 3.00 1.7 0.0
2H-3, 0-5 10.20 1.9 0.0
3H-3, 0-5 19.70 3.4 0.0
4H-3, 0-5 29.20 0.5 0.0
6H-3, 0-5 48.20 2.7 0.0
7H-3, 0-5 57.70 2.7 0.0
8H-3, 0-5 67.20 0.7 0.0
9H-3, 0-5 76.70 3.6 0.8
11H-5, 0-5 98.70 6.3 0.0
12H-6, 0-5 109.70 6.9 2.5
13H-5, 0-5 117.70 9.0 0.0
14H-4, 145-150 127.15 9.1 0.0
15H-6, 0-5 138.20  10.1 1.2
16H-4, 0-5 144,70 7.8 0.0
17X-5, 0-5 155.70 11.4 0.8
18X-5, 0-5 165.20 12.7 0.6
19X-5, 0-5 174.70 13.0 0.0
20X-5, 0-5 184,20 11.1 0.5
21X-4, 0-5 19220 13.8 1.4
22X-5, 0-5 203.20 14.1 0.0
23X-3, 0-5 209.70 6.9 0.0
24X-2, 121-126 21891 6.2 0.0
25X-4, 0-5 230.20 9.6 0.0
Hole 704B:

27X-6, 0-5 249.70 8.1 0.0
28X-3, 0-5 254.70 17.1 6.0
29X-3, 0-5 264.20 9.6 0.3
30X-3, 0-5 273.70 126 0.0
31X-3, 0-5 283.20 16.6 0.0
33X-5, 0-5 305.20 149 0.0
34X-3, 0-5 311.70 15.8 0.9
35X-5, 0-5 32420 16.0 0.0
36X-3, 0-5 330,70 144 0.0
37X-3, 0-5 340.20 14.0 0.0
39X-6, 0-5 363.70 133 0.0
40X-5, 145-150 373.15 11.6 0.3
41X-5, 0-5 381.20 17.8 0.6
42X-5, 67-72 391.37  16.6 0.0
44X-2, 0-5 405.20 10.4 0.5
45X-2, 0-5 41470 142 0.0
46X-5, 0-5 428.70 7.0 0.0
47X-4, 0-5 436.70 7.0 0.0
48X-3, 0-5 444.70 7.3 0.0
52X-5, 0-5 478.20 1.4 0.0
53X-3, 0-5 484.70 29 0.0
54X-6, 0-5 498.70 3.5 0.0
55X-5, 0-5 506.70 4.8 0.0
58X-6, 0-5 536.70 7.2 0.3
59X-2, 0-5 540.20 14.4 0.0
60X-6, 0-5 555.70 3.2 0.0
63X-5, 0-5 582.70 117 0.0
68X-2, 0-5 625.70 10.9 0.5
70X-2, 0-5 644.70  32.2 1.3
72X-3, 0-5 665.20 27.6 13

driven by changes in the location of the polar front over the Me-
teor Rise or in local carbonate dissolution.

PALEOMAGNETICS

Paleomagnetic study of sediments recovered at Site 704 in-
cluded whole-core magnetic susceptibility determinations and
measurements of the remanence of the archive halves of the
cores using the cryogenic magnetometer. Both Holes 704A and
704B were cored using the APC and XCB systems. Sediments
from the upper 140 m (Quaternary) of the section recovered at
this site are characterized by high water content and were easily
disturbed by normal handling procedures on deck. These sedi-
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ments exhibited extremely low magnetization intensities. The
magnetic susceptibility values from this interval are near the
noise level of the susceptibility meter and are not considered in
this report. Below 140 mbsf, relatively undisturbed cores and
nearly continuous core recovery allow the recognition of mag-
netic polarity zones. However, the magnetizations remain near
the instrument noise level, and below 330 mbsf, intervals exist
that are difficult to interpret in terms of a polarity zonation.

Magnetic Susceptibility

The variation of magnetic susceptibility with depth in Hole
704B is shown with the boundaries of the major lithostrati-
graphic units (“Lithostratigraphy” section) indicatea in Figure
19. The susceptibility variations are marked by what appear to
be cyclic changes with depth. The amplitudes of the variations
range up to 2.5-5.0 (X 4w SI), and the wavelengths vary from
about 1.5 to 5 m. No notable changes in the susceptibility re-
cord are observed across lithostratigraphic unit boundaries, with
the exception of the boundary between Subunits IC and ID.
Subunit IC is characterized by changes in susceptibility that are
two to three times those observed in the lower units.

Magnetic Polarity Stratigraphy

Because of the high sedimentation rates throughout much of
the Miocene to Quaternary at Site 704, it should be possible to
obtain a high-resolution magnetostratigraphic and biostratigraphic
record from this interval. The high sedimentation rate, however,
adversely affects the paleomagnetic record in two ways. First,
the high water content and the low shear strength of these sedi-
ments (particularly above 140 mbsf) cause the cores to be easily
disturbed by normal handling procedures. Second, the high ac-
cumulation rate of biogenic material appears to have diluted the
magnetic carrier, resulting in extremely weak magnetizations
(typically less than 0.1 mA/m) that are near the noise level of
the shipboard cryogenic magnetometer.

Paleomagnetic data obtained from the interval below 140
mbsf from both Holes 704A and 704B exhibit slightly stronger
magnetizations (~ 0.5 mA/m). All cores from this interval were
drilled using the XCB system and therefore, azimuthal orienta-
tion is not maintained either within or between cores. For this
reason, only the inclination records were used to interpret the
magnetic polarity.

The majority of the core archive halves were measured using
the pass-through cryogenic magnetometer, both before and after
partial alternating-field (AF) demagnetization at 5 to 9 mT. In
general, the demagnetization treatment resulted in a small de-
crease of intensity and a reduction of scatter in the data, but in
virtually all sections, the polarity of the remanent magnetiza-
tion remained unchanged. We conclude that, although the mag-
netization of these sediments is very weak, it appears to be sta-
ble and only minor secondary magnetic overprints are present.

A well-defined sequence of normal and reverse polarity mag-

netozones is identified in the depth interval 140 to 233 mbsf in
Hole 704A from the half-core paleomagnetic data (Fig. 20). The
paleomagnetic record for Hole 704B is poorly defined above
218 mbsf because of coring/sampling disturbance and weak
magnetization intensities, but a reliable record was obtained be-
low this depth. There is good agreement between the half-core
polarity log for the two holes in the 15 m of stratigraphic over-
lap (Fig. 20). The combined record from the two holes provides
a fairly continuous magnetostratigraphic sequence to a depth of
330 m. Below this depth the polarity record becomes more dis-
continuous because of a combination of coring gaps and inter-
vals of extremely low magnetization intensities, for which a reli-
able polarity assignment cannot be made (e.g., 383-400 mbsf).

The half-core cryogenic magnetometer data have been sup-

plemented by incremental AF demagnetization analyses on 82



Table 6. Sedimentary organic carbon and

calcium carbonate data, Hole 704A.

Sample Depth  Cg CaCO,
(em) (mbsh (%) (%)

1H-1, 10-14 0.10 82.42
1H-1, 100-102 1.00 0.09 51.62
1H-1, 108-112 1.08 62.75
1H-2, 70-74 2.20 68.50
1H-2, 100-102 2.50 0.11 85.74
1H-2, 108-112 2.58 79.25
1H-3, 10-14 3.10 29.58
1H-3, 100-102 4.00 0.26 36.20
1H-3, 108-112 4.08 39.83
1H-4, 70-74 5.20 60.17
1H-4, 108-112 5.58 94.25
1H-4, 130-132 5.80 0.05 92.32
1H-5, 10-14 6.10 93.08
1H-5, 108-112 7.08 43.42
1H-5, 111-113 T.11 0.30 24.52
2H-1, 30-32 7.50 -=0.12 94.24
2H-1, 64-68 7.84 93.42
2H-1, 80-84 8.00 90.33
2H-1, 100-102 8.20 0.13 68.89
2H-2, 30-34 9.00 48.67
2H-2, 80-84 9.50 56.83
2H-2, 100-102 9,70 -0.07 36.03
2H-3, 80-84 11.00 7.92
2H-3, 100-102 11.20 0.40 6.76
2H-3, 140-144 11.60 14.67
2H-4, 80-84 12.50 79.75
2H-4, 100-102 12.70 -0.06 70.39
2H-4, 140-144 13.10 46.83
2H-5, 30-34 13.50 62.50
2H-5, 80-84 14.00 52.58
2H-5, 100-102 14.20 0.02 61.80
2H-6, 64-68 15.34 57.42
2H-6, 130-132 16.00 0.25 20.60
3H-1, 30-32 17.00 0.43 25.44
3H-1, 80-84 17.50 62.83
3H-1, 100-102 17.70 0.12 61.38
3H-1, 130-134 18.00 55.92
3H-2, 80-84 19.00 39.50
3H-2, 100-102 19.20 0.53 38.78
3H-2, 130-134 19.50 52.08
3H-3, 80-84 20.50 50.25
3H-3, 110-112 20.80 0.05 61.55
3H-3, 130-134 21.00 57.67
3H-4, 4044 21.60 46.25
3H-4, 80-84 22.00 67.25
3H-5, B0-84 23.50 64.92
3H-5, 96-100 23.66 61.67
3H-6, 80-84 25.00 73.03
3H-6, 96-100 25.16 77.25
4H-3, 20-22 29.40 0.04 83.40
4H-3, 100-102 30.20 0.23 52.21
4H-5, 80-82 33.00 0.11 65.39
4H-6, 35-37 34.05 0.01 36.36
4H-6, 318-42 34.08 44.17
5H-1, 80-82 36.50 79.33
5H-1, 100-102 36.70 0.02 85.57
5H-1, 130-134 37.00 42.50
5H-2, 80-82 38.00 68.50
SH-3, 29-33 38.99 36.50
5H-3, 100-102 39.70 0.32 38.53
5H-4, 80-82 41.00 34.17
5H-4, 100-102 41.20 0.34 30.61
5H-5, 50-52 42.20 67.67
5H-5, 100-102 42.70 0.02 73.73
5H-5, 133-137 43.03 22.25
5H-5, 140-142 43.10 54.33
5H-6, 29-33 43.49 18.42
5H-6, 50-52 43.70 17.50
5H-6, 100-102 44.20 0.50 20.10
5H-6, 133-137 44.53 47.17
5H-6, 140-142 44.60 22.83
6H-1, 54-56 45.74 44,08
6H-1, 68-72 45.88 56.17
6H-1, 100-102 46.20 0.08 48.04
6H-2, 54-56 47.24 82.00
6H-2, 120-124 47.90 46.33
6H-2, 140-142 48.10 65.67
6H-3, 28-32 48.48 65.92

Table 6 (continued).

Sample Depth  C,, CaCOy

(cm) @mbsh (W) (%)

6H-3, 54-56 48.74 51.75
6H-3, 80-82 49.00 38.75
6H-3, 100-102 49.20 0.09 30.36
6H-4, 54-56 50.24 27.58
6H-4, 100-102 50.70 0.34  28.77
6H-4, 120-124 50.90 40,75
6H-4, 140-142 51.10 34.92
6H-5, 50-52 51.70 0.01 57.71
6H-5, 54-56 51.74 58.42
6H-5, 100-102 52.20 0.83 9.09
6H-5, 120-124 52.40 19.58
6H-5, 140-142 52.60 29.33
6H-6, 54-56 53.24 36.25
6H-6, 100-102 53.70 0.07 47.96
6H-6, 140-142 54.10 45.08
6H-7, 54-56 54.74 55.58
TH-1, 108-110 55.78 0.21 17.68
TH-1, 119-121 55.89 20,92
TH-2, 10-12 56.30 35.42
7H-2, 70-74 56.90 51.83
TH-2, 102-104 57.22 -0.03 53.04
TH-2, 119-121 57.39 20.33
7H-3, 10-12 57.80 67.17
7H-3, 102-104 58.72 0.27 19.27
7H-3, 109-113 58.79 25.58
7H-3, 119-121 58.89 19.25
7H-4, 10-12 59.30 48.83
TH-4, 66-68 59.86 40,50
7TH-4, 102-104 60.22 0.44 51.79
TH-4, 119-121 60.39 43.67
TH-§, 10-12 60.80 42.75
7H-5, 18-22 60.88 45.25
TH-5, 18-22 50.88 53.83
TH-5, 102-104 61.72 0.27 25.85
7TH-5, 119-121 61.89 29.00
TH-6, 10-12 62.30 35.83
TH-6, 40-42 62.60 0.59 15.60
TH-6, 67-69 62.87 20.00
8H-1, 9-13 64.29 51.67
8H-1, 100-102 65.20 -0.12 64.05
8H-1, 139-141 65.59 8.25
8H-2, 50-52 66.20 13.17
8H-2, 69-73 66.39 21.08
8H-2, 139-141 67.09 41.92
8H-3, 47-49 67.67 61.08
8H-3, 52-54 67.72 -=0.14 60.72
8H-3, 69-73 67.89 7.42
8H-3, 100-102 68.20 0.55 10.01
8H-3, 139-141 68.59 32,75
8H-4, 9-13 68.79 9.58
8H-4, 50-52 69.20 36.92
8H-4, 90-92 69.60 0.08  26.44
8H-4, 139-141 70.09 18.75
8H-5, 40-42 70.60 0.35 27.36
8H-5, 50-52 70.70 23.08
8H-5, 69-73 70.89 22.67
8H-5, 139-141 71.59 24.67
8H-6, 50-52 72.20 36.50
8H-6, 60-62 72.30 0.22 37.53
8H-6, 69-73 72.39 44.92
9H-1, 50-52 74.20 55.00
9H-1, 68-72 74.38 42.75
9H-1, 100-102 74.70 0.25 50.54
9H-1, 140-142 75.10 44.25
9H-2, 8-12 75.28 40.75
9H-2, 50-52 75.70 55.58
9H-2, 100-102 76.20 0.05 31.36
9H-2, 118-122 76.38 33.67
9H-2, 140-142 76.60 31.75
9H-3, 50-52 77.20 44.50
9H-3, 100-102 77.70 0.00 54.54
9H-3, 140-142 78.10 44.70
9H-4, 8-12 78.28 45.30
9H-4, 50-52 78.70 45.92
9H-4, 100-102 79.20 0.04 64.80
9H-5, 8-12 79.78 39.30
9H-5, 50-52 80.20 37.50
9H-5, 100-102 80.70 0.32 10.26
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Table 6 (continued).

Sample Depth  C,, Caco,

(cm) @mbs (%) ()

9H-5, 140-142 81.10 19.92
9H-6, 50-52 81.70 13.83
9H-6, 100-102 82.20 0.34 10.17
9H-6, 118-122 92.38 13.60
9H-6, 140-142 82.60 11.67
10H-1, 50-52 93.70 10.40
10H-1, 99-102 84.19 0.20 11.18
10H-2, 50-52 85.20 54.67
10H-2, 99-101 85.69 0.50 51.79
10H-2, 118-122 85.88 28.80
10H-3, 50-52 86.70 16.67
10H-3, 99-101 87.19 0.34 26,94
10H-3, 118-122 87.38 25.50
10H-4, 50-52 88.20 26.00
10H-4, 105-107 88.75 0.27 23.44
10H-5, 50-52 89.70 7.83
10H-5, 99-101 90.19 0.28 4.67
10H-6, 50-52 91.20 10.80
10H-6, 99-101 91.69 0.12 16.51
10H-7, 10-14 92.30 21.70
10H-7, 45-47 92.65 10.50
11H-1, 50-52 93.20 26.25
11H-1, 70-74 93,40 30.00
11H-1, 100-102 93,70 0.16 31.19
11H-1, 140-142 94,10 30.33
11H-2, 50-52 94,70 26.90
11H-2, 120-124 95.40 11.80
11H-2, 140-142 95.60 11.67
11H-3, 10-14 95,80 14.20
11H-3, 50-52 96.20 17.60
11H-3, 100-102 96.70 0.15 17.10
11H-3, 140-142 97.10 17.08
11H-4, 50-52 97,70 24.08
11H-4, 110-112 98.30 0.16 44,28
11H-4, 140-142 98.60 43,17
11H-5, 10-14 98.80 43.40
11H-5, 50-52 99.20 22,33
11H-5, 70-72 99.40 —0.02 20.27
11H-5, 140-142 100.10 50.00
11H-6, 30-32 100.50 —0.05 36.86
11H-6, 50-52 100.70 42.83
11H-6, 70-74 100.90 49,60
11H-6, 140-142 101.60 53.83
11H-7, 10-14 101.80 83.90
11H-7, 20-22 101.90 0.17 84,32
12H-1, 50-52 102.70 67.25
12H-1, 58-60 102.78 0.07 63.22
12H-1, 70-74 102.90 72.90
12H-1, 140-142 103.60 75.67
12H-2, 10-14 103.80 79.30
12H-2, 50-52 104.20 33.08
12H-2, 58-60 104.28 0.00 33.86
12H-2, 140-142 105.10 69.42
12H-3, 10-14 105.30 65.90
12H-3, 50-52 105.70 67.17
12H-3, 58-60 105.78 0,23 59.70
12H-3, 140-142 106.60 74,20
12H-4, 50-52 107.20 81.00
12H-4, 70-74 107.40 70.40
12H-4, 140-142 108.10 77.83
12H-5, 50-52 108.70 67.58
12H-5, 58-60 108.78 —-0.02 76.48
12H-5, 70-74 108.90 71.60
12H-6, 10-14 109.80 75.80
12H-6, 50-52 110.20 78.58
12H-6, 58-60 110.28 0.01 73.89
12H-6, 140-142 111.10 77.00
13H-1, 50-52 112.20 51.92
13H-1, 70-74 112.40 17.20
13H-1, 100-102 112.70 0.08 21.68
13H-1, 140-142 113.10 20,10
13H-2, 10-14 113.30 49.40
13H-2, 30-32 113.50 0.07 58.96
13H-2, 50-52 113.70 72.08
13H-2, 100-102 114.20 0.19 23.10
13H-2, 140-142 114.60 34.50
13H-3, 10-14 114.80 57.60
13H-3, 50-52 115.20 69.25
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Table 6 (continued).

Sample Depth Cor CaCOy
(cm) (mbsh) (B (%)

13H-3, 100-102  115.70 0.07 75.64
13H-3, 140-142  116.10 65.00
13H-4, 10-14 116.30 64.50
13H-4, 50-52 116.70 47.17
13H-4, 100-102  117.20 0.05 52.54
13H-4, 140-142  117.60 65.92
13H-5, 10-14 117.80 70.30
13H-5, 50-52 118.20 50.33
13H-5, 140-142  119.10 83.33
13H-6, 50-52 119.70 75.58
13H-6, 117-121 120.37 77.20
13H-6, 140-142  120.60 79.00
13H-7, 10-14 120.80 72.08
13H-7, 50-52 121.20 70.58
14H-1, 50-52 121.70 70.67
14H-1, 70-74 121.90 69.90
14H-1, 100-102 122,20 0.02 77.40
14H-1, 139-141 122.59 69.00
14H-2, 30-32 123.00 0.31 14.01
14H-2, 50-52 123.20 72.08
14H-2, 70-74 123.40 63.50
14H-2, 100-102  123.70 0.04 61.47
14H-2, 139-141 124.09 76.17
14H-3, 10-14 124.30 78.90
14H-3, 50-52 124.70 61.25
14H-3, 139-141 125.59 63.17
14H-4, 50-52 126.20 73.33
14H-4, 70-74 126.40 69.30
14H-4, 100-102  126.70 0.01 44.45
14H-4, 139-141 127.09 57.67
14H-5, 10-14 127.30 69.90
14H-5, 50-52 127.70 44.70
14H-5, 100-102 128.20 —-0.11 45.87
14H-5, 130-132 128.50 0.13 89.24
14H-5, 139-141 128.59 63.10
14H-6, 50-52 129.20 51.90
14H-6, 70-74 129.40 25.10
15H-1, 10-14 130.80 32.10
15H-1, 50-52 131.20 46.00
15H-1, 100-102  131.70 -0.07 74.56
15H-2, 10-14 132.20 56.90
15H-2, 50-52 132.70 60.50
15H-2, 100-102  133.20 -0.11 50.96
15H-2, 140-142  133.60 46.92
15H-3, 50-52 134.20 51.42
15H-3, 70-74 134.40 50.30
15H-3, 100-102 134,70 0.05 49.87
15-3, 140-142 135,10 32.83
15H-4, 10-14 135.30 57.25
15H-4, 50-52 135.70 52.25
15H-4, 140-142  136.60 73.75
15H-5, 10-14 136.80 49.25
15H-5, 50-52 137.20 55.20
15H-5, 100-102  137.70 0.06 38.79
15H-6, 10-14 138.30 40.42
15H-6, 50-52 138.70 42.17
15H-6, 140-142  139.60 38.25
15H-7, 50-52 140.20 52.83
16H-1, 10-14 140.30 19.25
16H-1, 50-52 140.70 24.50
16H-1, 144-146 141,64 18.83
16H-2, 50-52 142.20 31.75
16H-2, 100-102 142,70 0.03 23.35
16H-2, 120-124 142,90 27.83
16H-2, 144-146 143.14 26.92
16H-3, 50-52 143.70 28.83
16H-3, 70-74 143.90 62.83
16H-3, 100-102 144,20 0.23 77.22
16H-3, 144-146  144.64 71.70
16H-4, 50-52 145.20 78.33
16H-4, 100-102 145,70 0.02 79.81
16H-4, 120-124  145.90 67.83
16H-4, 144-146  146.14 64.75
16H-5, 50-52 146.70 52.10
16H-5, 70-74 146.90 52.25
16H-5, 70-74 146.90 53.00
16H-5, 100-102  147.20 0.10 41.28
16H-5, 144-146  147.64 49,60
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Table 6 (continued).

Sample Depth  Cg, CaCO4
(cm) (mbsf) (%o (%)
16H-6, 50-52 148.20 70.00
16H-6, 70-74 148.40 29.42
17X-1, 50-52 150.20 19.00
17X-1, 123-127  150.93 79.58
17X-2, 10-14 151.30 55.75
17X-2, 50-52 151.70 80.42
17X-2, 100-102  152.20 -0.02 82.90
17X-2, 136-138  152.56 81.75
17X-2, 140-142  152.60 55.25
17X-3, 10-14 152.80 59.92
17X-3, 50-52 153.20 65.00
17X-3, 60-62 153.30 88.50
17X-3, 100-102  153.70 0.02  66.20
17X-3, 140-142  154.10 54.67
17X-4, 50-52 154.70 55.67
17X-4, 70-74 154,90 63.92
17X-4, 100-102  155.20 0.03 67.39
17X-4, 140-142  155.60 69.00
17X-5, 50-52 156.20 64.17
17X-5, 100-102  156.70 0.03 64,89
17X-5, 123-127  156.93 59.67
17X-5, 140-142  157.10 57.42
17X-6, 50-52 157.70 52.67
17X-6, 123-127  158.43 81.83
17X-6, 140-142  158.60 79.08
18X-1, 50-52 159.70 36.90
18X-1, 10-102 160.20 -0.06  75.89
18X-1, 120-124  160.40 45,58
18X-1, 140-142  160.60 70.25
18X-2, 50-52 161.20 78.58
18X-2, 70-74 161.40 73.42
18X-2, 100-102  161.70 0.10  49.62
18X-2, 140-142  162.10 68.83
18X-3, 50-52 162.70 68.25
18X-3, 70-74 162.90 73.92
18X-3, 125-127  163.45 0.01 54.79
18X-3, 140-142  163.60 81.25
18X-4, 10-14 163.80 73.75
18X-4, 50-52 164,20 58.50
18X-4, 100-102  164.70 —0.03 73.73
18X-5, 50-52 165.70 45.08
18X-5, 100-102  166.20 0.02 57.46
18X-5, 120-124  166.40 54.00
18X-5, 140-142  166.60 54.90
18X-6, 50-52 167.20 45.50
18X-6, 60-62 167.30  —0.03 35.44
18X-6, 70-74 167.40 50.00
19X-1, 10-14 168.80 43.32
19X-1, 50-52 169.20 64.67
19X-1, 140-142  170.10 77.75
19X-2, 50-52 170.70 64.75
19X-2, 100-102  171.20 0.09 58.05
19X-2, 120-124  171.40 55.58
19X-2, 140-142  171.60 62.42
19X-3, 50-52 172.20 55.42
19X-3, 100-102 172,70 -0.09 72.47
19X-3, 120-124  172.90 57.75
19X-3, 140-142  173.10 54,83
19X-4, 50-52 173.70 85.92
19X-4, 70-74 173.90 86.08
19X-4, 100-102  174.20 -0.01 88.99
19X-4, 140-142 174,60 73.42
19X-5, 10-14 174.80 73.67
19X-5, 50-52 175.20 76.75
19X-5, 100-102  175.70 —0.01 41.95
19X-5, 140-142  176.18 57.58
19X-6, 10-14 176.30 74.50
19X-6, 50-52 176.70 80.50
19X-6, 100-102  177.20 -0.10  80.56
19X-6, 140-142  177.60 65.33
20X-1, 46-48 178.66 71.67
20X-1, 100-102  179.20 -0.05 72.39
20X-1, 140-142  179.60 65.17
20X-2, 46-48 180.16 57.67
20X-2, 100-102  180.70 0.04 7222
20X-2, 140-142  181.10 63.00
20X-3, 46-48 181.66 75.33
20X-3, 90-94 182.10 71.67

Table 6 (continued).
Sample Depth Cii CaCOq
(cm) (mbsh) () (%)
20X-3, 100-102  182.20 0.03 75.81
20X-3, 140-142  182.60 43.25
20X-4, 46-48 183.16 80.10
20X-4, 90-94 183.60 83.92
20X-4, 100-102  183.70 0.03 85.82
20X-4, 140-142  184.10 79.67
20X-5, 46-48 184.66 78.83
20X-5, 90-94 185.10 62.92
20X-5, 100-102  185.20 0.06 82.23
20X-5, 140-142  185.60 72.33
20X-6, 46-48 186.16 75.17
20X-6, 90-94 186.60 69.42
20X-6, 100-102 186.70 —0.11 77.81
20X-6, 140-142  187.10 75.67
21X-1, 100-102  188.70 0.00 83.07
21X-2, 100-102  190.20 -0.05 87.74
21X-2, 140-142  190.60 85.25
21X-3, 100-102  191.70 0.16 81.06
21X-4, 70-72 192.90 0.12 71.47
22X-1, 100-102 198.20 -0.01 68.47
22X-2, 100-102  199.70 0.04 60.46
22X-3, 100-102  201.20 0.05 51.79
22X-4, 100-102  202.70 0.01 77.81
22X-5, 100-102  204.20 -0.05 78.90
23X-1, 100-102  107.70 0.06 82.90
23X-2, 100-102  209.20 0.01 74,98
23X-3, 100-102  210.70 0.08 77.81
23X-4, 100-102  212.20 0.06 69.72
23X-5, 100-102 213,70 -0.10 62.72
24X-2, 82-84 218.52 0.10 63.22
24X-3, 82-84 220.02 0.10 57.80
24X-4, 82-84 221.52 0.10 35.78
24X-5, 82-84 223.02 0.01 50.71
25X-1, 130-132  227.00 0.16 43.95
25X-2, 130-132  228.50 0.15 1.00
25X-3, 90-92 229.60 0.14 75.39
25X-4, 90-92 23110 0.12 41.20
25X-5, 50-52 232.20 0.11 57.88
25X-6, 50-52 233.70 0.12 39.53




Table 7. Sedimentary calcium
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carbonate data, Hole 704B. Table 7 (continued). Table 7 (continued). Table 7 (continued).

Sample Depth  CaCO, Sample Depth  CaCO, Sample Depth  CaCO, Sample Depth  CaCOj

(cm) (mbsf) (%) (cm) (mbsf) (%) (cm) (mbsf) (%) (cm) (mbsf) (%)

1H-2, 110-112 2.60 20.02 23X-3, 100-102 208.20 79.90 28X-3, 130-142 256.10 85.50 36X-1, 100-102 328.70 90.49
1H-4, 110-112 5.60 38.45 23X-4, 100-102 209.70 73.39 28X-4, 49-51 256.69 85.42 36X-2, 97-99 330.17 91.24
2H-3, 110-112 10.80 61.47 23X-5, 100-102 211.20 77.73 28X-4, 100-102 257.20 88.92 37X-2, 100-102 339.70 81.15
2H-5, 110-112 13.80 47.12 24X-1, 50-52 214.20 72.30 28X-4, 140-142 257.60 90.75 37X-3, 100-102 341.20 89.92
3H-1, 20-22 16.40 50.50 24%-1, 100-102 214.70 71.56 28X-5, 49-51 258.19 87.90 39X-1, 100-102 357.20 91.16
3H-1, 94-96 17.14 63.75 24X-1, 140-142 215.10 76.40 28X-5, 100-102 258.70 87.83 39X-2, 100-102 358.70 89.07
3H-2, 20-22 17.90 55.58 24X-2, 50-52 215.70 73.00 28X-5, 140-142 159.10 84.75 39X-3, 100-102 360.20 92.16
3H-2, 94-96 18.64 45.58 24X-2, 100-102 216.20 78.31 28X-6, 49-51 159.69 85.20 39X-4, 100-102 361.70 91.99
3H-2, 110-112 18.80 37.28 24X-2, 140-142 216.60 81.20 28X-6, 110-112 260.30 83.92 39X-5, 100-102 363.20 92.91
3H-3, 20-22 19.40 38.83 24X-3, 50-52 217.20 77.80 28X-6, 140-142 260.60 83.50 39X-6, 100-102 364.70 93.24
3H-3, 94-96 20.14 50.92 24X-3, 100-102 217.70 67.47 28X-7, 49-51 261.19 91.70 40X-1, 98-100 366.68 87.82
3H-4, 20-22 20.90 45.75 24X-3, 140-142 218.10 80.50 29X-1, 50-52 261.70 79.58 40X-2, 98-100 368.18 81.57
IH-4, 94-96 21.64 54.42 24X-4, 50-52 218.70 70.20 29X-1, 90-92 262.10 72.00 40X-3, 98-100 369.68 81.73
3H-4, 110-112 21.80 61.30 24X-4, 100-102 219.20 47.54 29X-1, 140-142 262.60 81.25 40X-4, 98-100 371.18 81.06
3H-5, 20-22 22.40 46.25 24X-4, 140-142 219.60 55.40 29X-2, 50-52 263.20 94.20 40X-5, 98-100 372.68 78.40
3H-5, 94-96 23.14 68.42 24X-5, 50-52 220.20 52.75 29X-2, 90-92 263.60 94.50 40X-6, 98-100 374.18 79.90
3H-6, 20-22 23.90 48.50 24X-5, 100-102 220.70 68.05 29X-2, 140-142 264.10 79.50 41X-1, 101-103 376.21 89.15
3H-6, 94-96 24.64 39.33 24X-5, 140-142 221.10 67.00 29X-3, 50-52 264.70 83.80 41X-2, 101-103 371771 79.73
3H-7, 20-22 25.40 28.42 24X-6, 10-12 221.30 56.42 29X-3, 90-92 265.10 81.83 41X-3, 101-103 379.21 79.48
4H-1, 30-32 26.00 43.75 24X-6, 100-102 222.20 16.35 29X-3, 140-142 265.60 B6.83 41X-4, 101-103 380.71 85.99
4H-1, 132-136 27.02 43.50 24X-6, 140-142 222.60 49,17 29X-4, 50-52 266.20 91.00 41X-5, 101-103 382.21 85.99
4H-1, 145-147 27.15 58.17 24X-7, 50-52 223.20 48.70 29X-4, 90-92 266.60 84.33 41X-6, 101-103 383.71 79.56
4H-2, 30-32 27.50 74.75 25X-1, 52-54 223.72 72.20 29X-4, 140-142 267.10 81.50 42X-2, 99-101 387.19 75.14
4H-2, 110-112 28.30 30.69 25X-1, 100-102 224.20 31.36 29X-5, 50-52 167.70 90.67 42X-4, 99-101 390.19 90.99
4H-2, 132-136 28.52 41.42 25X%-1, 140-142 224.60 70.42 29X-5, 90-92 268.10 84.83 42X-6, 99-101 392.76 82.40
4H-2, 145-147 28.65 42.83 25X-2, 52-54 225.22 18.40 29X-5, 140-142 268.60 91.10 43X-1, 100-102 395.20 89.91
4H-3, 30-32 29.00 73.75 25X-2, 100-102 225.70 63.72 29X-6, 50-52 269.20 80.20 43X-4, 100-102 398.70 81.32
4H-3, 132-136 30.02 36.46 25X-2, 140-142 226.10 62.90 29X-6, 90-92 269.60 65.58 43X-7, 50-52 401.80 84.57
4H-3, 145-147 30.15 56.20 25X-3, 50-52 226.70 49.46 29X-7, 50-52 270.70 85.42 44X-1, 100-102 404.70 72.81
4H-4, 30-32 30.50 73.20 25X-3, 52-54 226.72 60.92 30X-1, 50-52 271.20 92.30 45X-1, 101-103 414.21 88.99
4H-4, 110-112 31.30 63.72 25X-4, 140-142 227.60 66.00 30X-1, 100-102 271.70 66.67 45X-2, 101-103 415.71 88.57
4H-4, 132-136 31.52 71.42 25X-4, 50-52 228.20 8.01 30X-1, 140-142 272.10 76.83 46X-2, 101-103 425.21 94.16
4H-4, 145-147 31.65 75.60 25X-4, 52-53 228.22 B.58 30X-2, 50-52 272.70 83.25 46X-3, 101-103 426.71 82.15
4H-5, 30-32 32.00 3110 25X-4, 140-142 229.10 49.00 30X-2, 100-102 273.20 75.23 46X-4, 94-96 428,14 84,15
4H-5, 132-136 33.02 58.67 25X-5, 53-54 229.72 84.20 30X-2, 137-139 273.57 69.20 47X-2, 90-92 434,60 73.89
4H-5, 145-147 33.15 35.30 25X-5, 100-102 230.20 58.80 30X-3, 50-52 274.20 92.60 47X-4, 90-92 437.60 71.72
4H-6, 30-32 33.50 63.80 25X-5, 140-142 230.60 42,70 30X-3, 100-102 274.70 93.49 48X-1, 100-102 442.70 85.90
5H-1, 15-17 35.35 68.90 25X-6, 52-54 231.22 60.30 30X-3, 140-142 275.10 87.42 48X-3, 100-102 445,70 79.73
5H-1, 93-95 36.13 49.70 25X-6, 100-102 231.70 61.55 30X-4, 50-52 275.70 79.70 49X-2, 83-85 453.53 73.73
5SH-1, 120-122 36.40 64.80 25X-6, 140-142 232.10 71.75 30X-4, 100-102 276.20 82,82 49X-5, 135-137 458.55 79.73
5H-2, 15-17 36.85 34.20 25X-7, 52-54 232.72 47.60 30X-4, 140-142 276.60 80.92 50X-1, 50-51 461.20 80.90
5H-2, 93-95 37.63 72.90 26X-1, 50-52 233.20 70.83 30X-5, 50-52 277.20 89.70 52X-1, 100-102 473,20 85.57
SH-3, 15-17 38.35 74.40 26X-1, 100-102 233.70 60.21 30X-7, 50-52 278.20 84.10 52X-4, 98-100 477.68 83.57
5H-3, 93-95 39.13 18.30 26X-1, 140-142 234.10 44.08 30X-7, 100-102 278.70 68.14 53X-2, 115-117 484.35 88.74
5H-4, 15-17 39.85 53.20 26X-2, 50-52 234.70 76.90 30X-7, 140-142 279.10 84.10 54X-1, 103-105 492.23 87.07
5H-4, 93-95 40.63 53.90 26X-2, 100-102 235.20 50.12 30X-8, 50-52 279.70 88.75 54X-3, 100-102 495.20 89.49
5H-5, 15-17 41.35 69.20 26X-2, 140-142 235.60 50.00 30X-8, 140-142 280.69 90.58 54X-5, 100-102 498.20 84.07
5H-5, 93-95 42,13 64.80 26X-3, 50-52 236.20 35.33 30X-8, 140-142 280.69 90.75 55X-2, 70-75 502.90 86.07
5H-6, 15-17 42.85 3430 26X-3, 100-102 23670  59.13 31X-1, 100-102  281.20  81.48 55X-4, 54-56 505.74  78.07
5H-6, 93-95 43.63 27.00 26X-3, 140-142 237.10 50.80 31X-2, 100-102 282,70 86.24 55X-5, 95-97 507.65 88.90
5H-7, 15-17 44.35 61.60 26X-3, 140-142 237.10 53.00 31X-3, 100-102 284.20 90.57 5X-6, 74-76 508.94 90.10
6H-2, 100-102 47.20 45.45 26X-4, 50-52 237.70 1517 31X-4, 100-102 285.70 95.49 56X-2, 25-27 511.95 86.40
6H-5, 100-102 51.70 16.60 26X-4, 100-102 238.20 44.20 31X-5, 100-102 287.20 89.91 56X-3, 57-59 513.77 88.40
7H-3, 100-102 58.20 20.93 26X-5, 50-52 239.20 69.50 31X-6, 100-102 288.70 B4.48 56X-4, 62-64 515.32 80.71
7H-5, 100-102 61.20 58.96 27X-1, 140-142 243.60 45.00 32X-1, 100-102 290.70 84.15 57X-2, 93-95 522.13 88.32
8H-3, 30-32 66.66 54.04 27X-2, 50-52 244.20 78.40 32X-2, 100-102 292.20 86.99 57X, CC (26-28) 523.86 78.23
8H-3, 110-112 67.46 21.10 27X-2, 100-102 244,70 68.42 32X-3, 100-102 293.70 90.91 58X-2, 78-80 531.48 85.07
9H-1, 110-112 74.30 24,52 27X-2, 140-142 245.10 72.30 32X-4, 100-102 295.20 91.49 58X-3, 102-104 533.22 85.40
SH-5, 110-112 80.30 50.87 27X-3, 50-52 245.70 32.50 32X-5, 100-102 296.70 68.89 58X-5, 54-56 535.74 86.57
10H-2, 110-112 85.30 13.51 27X-3, 60-62 245.80 25.92 32X-6, 100-102 298.20 87.74 58X-6, 42-44 537.12 82.23
10H-5, 110-112 89.80 61.38 27X-3, 140-142 246.60 68.70 33X-1, 100-102 300.20 92.99 59X-1, 103-105 539.73 86.32
11H-2, 110-112 94,80 8.01 27X-4, 50-52 247.20 72.67 33X-2, 100-102 301.70 79.56 59X-2, 123-125 541.43 86.82
11H-6, 110-112 100.80 13.93 27X-4, 100-102 247.70 77.92 33X-3, 100-102 303.20 88.74 59X-3, 125-127 542,95 86.32
12H-2, 110-112 104.30  45.54 27X-4, 140-142 248.10  72.80 33X-4, 100-102 304.70  87.57 60X-3, 40-42 551.60  86.32
12H-5, 110-112 108.80 79.90 27X-5, 50-52 248.70 76.80 33X-5, 100-102 306.20 86.07 60X-4, 48-50 553.18 90.07
13H-1, 110-112 112.30 19.52 27X-5, 75-17 248.95 64.33 33X-6, 100-102 307.70 62.88 60X-6, 10-12 555.80 86.32
13H-4, 110-112 116.80 77.40 27X-6, 50-52 250,20 87.10 34X-1, 100-102 309.70 92.99 61X-2, 78-80 559.98 84.57
14H-1, 110-112 121.80 63.72 27X-6, 100-102 250.70 83.25 34X-2, 100-102 31120 88.07 62X-2, 122-124 569.92 75.14
14H-4, 110-112 126.30 74.06 27X-6, 140-142 251.10 87.20 34X-3, 100-102 312.70 93.07 62X-3, 116-118 571.36 85.49
15H-2, 110-112 131.94 73.98 27X-7, 50-52 251.70 78.20 34X-4, 100-102 314.20 87.99 62X-4, 109-111 572.79 76.98
15H-5, 110-112 136.44 72.81 28X-1, 49-51 252.19 88.20 34X-5, 100-102 315.70 82.82 62X-5, 135-137 574.55 78.98
17X-2, 100-102 149.70 54.04 28X-1, 110-112 252.80 86.33 34X-6, 100-102 317.20 86.07 63X-1, 130-132 578.00 85.07
17X-4, 100-102 152.70 53.96 28X-1, 140-142 253.10 93.50 35X-1, 100-102 319.20 78.73 63X-2, 115-117 579.35 86.40
18X-3, 110-112 160.80 52.63 28X-2, 49-51 253.69 80.20 35X-2, 100-102 320.70 71.14 63X-3, 136-138 581.06 80.40
18X-6, 110-112 165.30 55.79 28X-2, 110-112 254.30 70.33 35X-3, 100-102 322.20 39.20 63X-4, 63-65 581.83 80.98
19X-2, 90-92 168.60  53.63 28X-3, 140-142 254.60  87.10 35X-4, 100-102 323.70  46.04 63X-5, 100-102 583.70  87.57
22X-1, 100-102 195.70 50.04 28X-3, 49-51 255.19 91.08 35X-5, 100-102 325.20 69.39 64X-1, 1-3 586.21 80.90
23X-2, 100-102 206.70 67.55 28X-3, 110-112 255.80 93.75 35X-6, 100-102 326.70 83.48
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Table 7 (continued).

Sample Depth  CaCO;,
{cm) (mbsf) (%)
64X-3, 74-76 589.94 89.57

64X, CC (31-33) 590.79  68.39
65X-1, 137-139 597.07 81.23
65X-2, 134-136 598.54 79.65
65X-3, 90-92 599.60  71.81
66X-1, 5-7 605.25 74.98
66X, CC (12-14) 605.91 80.90
67X-1, 108-110 615.78 90.99

68X-1, 126-128 625.46  78.40
68X-2, 77-719 626.47  79.98
69X-1, 60-62 634.30  89.99
70X-1, 4-6 643.24 80.06

71X-1, 105-107 653.75 74.31
71X-2, 98-100 655.18 78.40

71X-3, 55-57 656.25 68.97
72X-1, 104-105 663.24 86.40
72X-2, 93-95 664.63 84.90

72X-3, 114-115 666.34 59.05

discrete samples from Hole 704A, spanning the depth range 0 to
230 mbsf, and 40 discrete samples from Hole 704B, from 190 to
360 mbsf. Each of these discrete samples has been demagnetized
at 2.5 or 5 mT increments up to a maximum field of 35 mT in
order to isolate the stable characteristic magnetization vectors.

The sequence of normal and reverse polarity magnetozones
defined from the combined half-core and discrete sample data
for the depth interval 0-360 mbsf is shown in Figure 21. The
Brunhes/Matuyama chron boundary is constrained to lie be-
tween the lower part of Core 114-704A-3H and the upper part
of Core 114-704A-5H. The top of the Olduvai subchron is well
defined in the upper part of Core 114-704A-11H. However, the
apparent extension of this normal polarity magnetozone through
Cores 114-704A-13H and 114-704A-14H requires an extraordi-
narily high sedimentation rate on the order of 150 m/m.y.,
which is hard to accept for this site. This anomalously thick
magnetozone may be explained by downslope movement of ma-
terial from adjacent areas of higher topography on the Meteor
Rise or else by the presence of a normal polarity magnetic over-
print in these two cores.

Initial demagnetization analyses of samples from these cores
have failed to provide evidence for such an overprint, but fur-
ther, more detailed studies will form part of the post-cruise in-
vestigations. Short normal polarity zones in Cores 114-704A-
16X and 114-704A-17X, identified from the half-core measure-
ments, have yet to be confirmed by post-cruise studies of discrete
samples but are tentatively correlated with the Reunion sub-
chron.

The sequence of normal and reverse polarity magnetozones
in the depth range 169 to 290 mbsf can be correlated with the
Gauss to the Chron C4R part of the GPTS, as indicated in Fig-
ure 21. This correlation provides a reasonable fit with the ma-
jority of biostratigraphic datums, but a number of significant
discrepancies remain. Post-cruise studies will attempt to resolve
these discrepancies.

PHYSICAL PROPERTIES

High-resolution physical-property measurements of deep-sea
sediments at Site 704 have two main objectives: to investigate
the characteristics of physical properties where fluctuations in
the position of the Southern Ocean polar front are the domi-
nant control over the depositional environment and to investi-
gate whether the periodicity observed in the physical-property
record may correspond to climatic cycles. Furthermore, we ex-
amined whether the onset of the climatic deterioration during
the middle Pliocene influenced the changes in physical-property
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Figure 18. Percent calcium carbonate profile for Site 704. The interval
between 0 and 215 mbsf is from Hole 704A, except for the interval be-
tween 25 and 35 mbsf spliced in from Hole 704B. The interval below 215
mbsf is from Hole 704B.

amplitudes and thus may be detected as a characteristic change
in the seismic sequence.

The techniques of physical-property measurement were de-
scribed in the “Explanatory Notes” chapter. Four sets of mea-
surements were obtained: (1) index properties (wet-bulk density,
dry-bulk density, porosity, water content, and grain density), (2)
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boundaries are shown.

compressional wave (P-wave) velocity, (3) vane shear strength,
and (4) thermal conductivity. The carbonate content (from the
“Geochemistry” section, this chapter) is shown for comparison
with the physical-property data. All of the data presented are
unfiltered for any bad data points.
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Physical-Property Summary and Lithostratigraphic

Correlation

The index properties, carbonate contents, P-wave velocities,
thermal conductivities, and shear strengths are listed in Tables 8
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Figure 21, Tentative correlation of magnetic polarity zones in Holes 704A and 704B with the GPTS of Berggren et al. (1985). Biostratigraphic
datums are shown coded by fossil group (D = diatom; F = planktonic foraminifer; R = radiolarian; and N = nannofossil).
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Table 8. Index properties, Site 704. Table 8 (continued).
Densities Densities
Water Wet Dry Water Wet Dry
Sample Depth  content  Porosity bulk bulk Grain Sample Depth  content  Porosity bulk bulk Grain
(em) (mbsh) (W) (M)  (g/em’) (g/emd)  (g/em’) (cm) (mbsh) (%) (%) (wem®) (g/em’) (g/em?)
Hole 704A: Hole 704A (continued):

1H-1, 100-102 1.00 65.65 84.13 1.40 0.48 2.78 14H-5, 100-102  128.20 41.22 66.47 1.68 0.99 2.86
1H-2, 100-102 2.50 47.98 70.63 1.58 0.82 2.63 14H-5, 130-132  128.50 59.85 80.24 1.41 0.57 2.74
1H-3, 100-102 4.00 65.25 82.64 1.34 0.47 2.54 15H-1, 100-102  131.70 43.88 67.26 1.60 0.90 2.66
1H-4, 130-132 5.80 43.88 68.31 1.64 0.92 2.79 15H-2, 100-102  133.20 59.20 79.22 1.41 0.57 2.64
1H-5, 111-113 7.11 67.86 84.47 1.30 0.42 2.58 15H-3, 100-102  134.70 59.23 78.81 1.41 0.57 2.57
2H-1, 30-32 7.50 45.61 70.69 1.63 0.89 291 15H-5, 100-102  137.70 62.87 81.58 1.38 0.51 2.63
2H-1, 100-102 8.20 51.57 75.10 1.53 0.74 2.86 16H-2, 100-102 142,70 70.39 86.64 1.32 0.39 273
2H-2, 100-102 9.70 66.25 83.21 1.33 0.45 2.53 16H-3, 100-102 144,20 44.82 68.26 1.58 0.87 2.68
2H-3, 100-102 11.20 74.76 87.33 1.24 0.31 2.31 16H-4, 100-102  145.70 41.02 65.07 1.66 0.98 271
2H-4, 100-102 12.70 57.17 76.92 1.43 0.61 2.51 16H-5, 100-102  147.20 57.54 76.66 1.39 0.59 244
2H-5, 100-102 14.20 59.16 79.47 1.40 0.57 2.69 17X-2, 100-102  152.20 38.46 63.44 .77 1.09 2.81
2H-6, 130-132 16,00 7391 87.82 1.26 0.33 2.53 17X-3, 100-102  153.70 52.15 73.12 1.49 0.71 2.52
3H-1, 30-32 17.00 71.54 85.28 1.26 0.36 2.29 17X-4, 100-102  155.20 50.44 72.20 1.54 0.76 2.57
JH-1, 100-102 17.70 63.50 81.43 1.35 0.49 2.53 17X-5, 100-102  156.70 51.81 73.59 1.50 0.72 2.61
3H-2, 100-102 19.20 70.34 85.50 1.27 0.38 2.48 18X-1, 100-102  160.20 39.95 63.74 1.65 0.99 2.67
3H-3, 110-112 20.80 60.89 80.84 1.38 0.54 2.73 18X-2, 100-102  161.70 55.94 77.78 1.47 0.65 2.78
4H-3, 20-22 29.40 50.36 72.61 1.53 0.76 2.64 18X-3, 125-127  163.45 50.35 72.24 1.52 0.76 2.59
4H-3, 100-112 30.20 56.70 76.99 1.42 0.62 2.57 18X-4, 100-102  164.70 47.03 69.54 1.58 0.84 2.60
4H-5, 80-82 33.00 49.65 72.54 1.53 0.77 271 18X-5, 100-102  166.20 54.50 75.41 1.50 0.68 2.58
5H-1, 100-102 36.70 42.38 67.82 1.66 0.95 2.90 18X-6, 60-62 167.30 62.80 81.79 1.37 0.51 2.67
5H-3, 100-102 39,70 63.49 81.32 1.34 0.49 2.51 19X-2, 100-102  171.20 51.45 74.79 1.53 0.74 2.83
SH-4, 100-102 41.20 65.46 B1.97 1.33 0.46 2.40 19X-3, 100-102  172.70 42,70 65.98 1.63 0.93 2.63
5H-5, 100-102 42.70 56.57 71.66 1.44 0.63 2.69 19X-4, 100-102  174.20 36.79 60.92 1.73 1.09 2,71
5H-6, 100-102 44.20 72.06 86.56 1.28 0.36 2.49 19X-5, 100-102  175.70 52.37 73.83 1.50 0.71 2.59
6H-1, 100-102 46.20 65.88 83.39 1.33 0.45 2.61 19X-6, 100-102  177.20 40.44 64,52 1.67 0.99 2.7
6H-3, 100-103 49.20 70.00 84.83 1.29 0.39 2.39 20X-1, 100-102  179.20 46.97 70.88 1.57 0.84 2.78
6H-4, 100-102 50.70 69.75 86.01 1.29 0.39 2.66 20X-2, 100-102  180.70 43.53 67.25 1.62 0.91 2.69
6H-5, 50-52 51.70 62.54 B1.69 1.38 0.52 2.69 20X-3, 100-102  182.20 39.57 63.36 1.66 1.00 2.67
6H-5, 100-102 52.20 73.19 85.36 1.24 0.33 2.12 20X-4, 100-102  183.70 36.94 62.42 1.77 1.11 2.87
6H-6, 100-102 53.70 65.46 83.71 1.34 0.46 27 20X-5, 100-102  185.20 43.14 67.55 1.62 0.92 2.78
7H-1, 108-110 55.78 74.25 88.12 1.23 0.32 2.56 20X-6, 100-102  186.70 41.66 65.95 1.63 0.95 2.74
TH-2, 102-104 57.22 62.67 81.71 1.35 0.50 2.67 21X-1, 100-102  188.70 33.47 57.54 1.81 1.21 k]
TH-3, 102-104 58.72 71.38 86.26 1.27 0.36 2.51 21X-2, 100-102  190.20 35.82 60.27 L72 1.11 2.75
7H-4, 100-102 60.20 65.28 83.48 1.34 0.47 2.70 21X-3, 100-102 191,70 40.84 64.25 1.65 0.97 2.63
TH-5, 102-104 61.72 72.48 .7 1.26 0.35 2.59 21X-4, 70-72 192.90 41.10 66.52 1.68 0.99 2.88
TH-6, 40-42 62.60 66.46 83.88 1.3 0.45 2.63 22X-1, 100-102  198.20 43.29 67.55 1.60 0.91 2.76
8H-1, 100-102 65.20 59.76 80.00 1.41 0.57 2.7 22X-2, 100-102  199.70 46.92 69.69 1.53 0.81 2.63
8H-3, 52-54 67.72 57.90 71.79 1.39 0.59 2.56 22X-3, 100-102  201.20 48.62 72.33 1.54 0.79 2.79
8H-3, 100-102 68.20 72.43 86.51 1.23 0.34 2.43 22X-4, 100-102  202.70 40.50 63.71 1.63 0.97 2.61
8H-4, %0-92 69.60 70.09 84.07 1.26 0.38 2.24 22X-5, 100-102  204.20 4]1.15 66.00 1.70 1.00 2.81
8H-5, 40-42 70.60 67.37 84,98 1.32 0.43 2.75 23X-1, 100-102  207.70 36.23 60.90 1.75 1.12 2.78
8H-6, 60-62 72.30 66.23 83.80 1.32 0.45 2.64 23X-2, 100-102  209.20 37.87 60.26 1.69 1.05 2.52
9H-1, 100-102 74.70 58.53 78.53 1.43 0.59 2.61 23X-3, 100-102  210.70 38.13 62.19 1.70 1.05 2.70
9H-2, 100-102 76.20 70.75 85.16 1.26 0.37 2.36 23X-4, 100-102  212.20 36.97 61.29 L.75 1.10 21
9H-3, 100-102 77.70 62.57 81.67 1.34 0.50 2.68 23X-5, 100-102  213.70 47.19 69.43 1.56 0.83 2.57
9H-4, 100-102 79.20 57.20 78.79 1.43 0.61 2.80 24X-2, 82-84 218.52 47.43 70.94 1.56 0.82 2.73
9H-5, 100-102 80.70 73.11 86.34 1.24 0.33 2.31 24X-3, 82-84 220.02 42.61 65.77 1.61 0.93 2.62
9H-6, 100-102 82.20 73.83 85.57 1.24 0.32 2.08 24X-4, B2-84 221.52 52.17 73.62 1.49 0.71 2.58
10H-1, 99-101 84.19 72.62 86.28 1.25 0.34 2.36 24X-5, 80-82 223.00 46.56 69.77 1.55 0.83 2.68
10H-2, 99-101 85.69 62.12 80.91 1.35 0.51 2.60 25X-1, 130-132  227.00 50.12 73.12 1.53 0.76 2.73
10H-3, 99-101 B7.19 60.60 80.73 1.39 0.55 2.74 25X-2, 130-132  228.50 60.39 80.11 1.39 0.55 2.66
10H-4, 105-107 88.75 55.27 74.77 1.41 0.63 2.41 25X-3, 90-92 229.60 39.07 63.00 1.69 1.03 2.69
10H-5, 99-101 90.19 74.82 86.48 1.23 0.31 2.13 25X-4, 90-92 231.10 54.18 74.44 1.45 0.66 2.48
10H-6, 99-101 91.69 72.78 86.43 1.27 0.35 2.37 25X-5, 50-52 232.20 47.58 69.97 1.56 0.82 2.59
11H-1, 100-102 93.70 70.11 85.17 1.29 0.39 2.44 25X-6, 50-52 2331.70 55.99 75.52 1.44 0.63 2.44
11H-3, 100-102 96.70 66.23 82.91 1.31 0.44 2.48

11H-4, 110-112 98.30 61.12 80.50 1.40 0.54 2.64 Hole 704B:

11H-5, 70-72 99,40 78.63 86.22 .27 0.27 1.65

11H-6, 30-32 100.50 65.89 83.56 1.34 0.46 2.64 1H-2, 110-112 2.60 65.59 B4.38 1.37 0.47 2.84
11H-7, 20-22 101.90 50,51 74.33 1.56 0.77 2.87 1H-4, 110-112 5.60 67.44 83.31 1.38 0.45 2.41
12H-1, 58-60 102,78 51.18 72.42 1.51 0.74 2,53 2H-3, 110-112 10.80 62.98 81.96 1.42 0.52 2.68
12H-2, 58-60 104.28 62.89 81.63 1.35 0.50 2.63 2H-5, 110-112 13.80 66.80 84,13 1.33 0.44 2.64
12H-3, 58-60 105.78 46.56 69.23 1.56 0.83 2.61 3H-2, 110-112 18.80 63.62 81.72 1.34 0.49 2.56
12H-5, 58-60 108.78 431.59 66.30 1.60 0.90 2.57 IH-4, 110-112 21.80 56.50 76.34 1.41 0.61 2.50
12H-6, 58-60 110.28 47.18 69.75 1.55 0.82 2.61 4H-2, 110-112 28.30 67.90 83.77 1.31 0.42 2.44
13H-1, 100-102 112,70 67.04 83.41 1.32 0.44 2.47 4H-4, 110-112 31.30 51.54 73.18 1.49 0.72 2.59
13H-2, 100-102  114.20 64.46 81.64 1.33 0.47 2.46 6H-2, 100-102 47.20 61.33 81.92 1.44 0.56 2.87
13H-2, 30-32 113.50 57.24 78.58 1.45 0.62 2.76 6H-5, 100-102 51.70 69.61 84.28 1.27 0.39 234
13H-3, 100-102 115.70 43.67 66,87 1.62 0.91 2.63 TH-3, 100-102 58.20 68.76 85.64 1.31 0.41 2.7
13H-4, 100102  117.20 54.19 75.56 1.50 0.69 2.63 7H-5, 100-102 61.20 59.16 78.44 1.40 0.57 2.53
14H-1, 100-102  112.20 4532 70.13 1.64 0.90 2.86 8H-3, 30-32 66.66 61.89 80.11 1.38 0.53 2.49
14H-2, 30-32 123.00 59.75 78.81 1.39 0.56 2.52 BH-3, 110-112 67.46 67.89 83.23 1.33 0.43 2,34
14H-2, 100-102 123.7 53.46 75.14 1.49 0.69 2.65 9H-1, 110-112 74.30 68.97 B4.65 1.47 0.46 2.48
14H-4, 100-102  126.70 61.81 80.26 1.38 0.53 2.52 9H-5, 110-112 80.30 67.09 84.24 1.31 0.43 2.63
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Table 8 (continued). Table 8 (continued).
Densities Densities
Water Wet Dry Water Wet Dry
Sample Depth  content  Porosity bulk bulk Grain Sample Depth  content  Porosity bulk bulk Grnirs
(em) (mbsf) (%) (M) (g/em’) (g/em’) (g/em’) (cm) (mbsf) (%) (M) (g/em’)  (g/em’)  (g/em?)
Hole 7048 (continued): Hole 704B (continued):
10H-2, 110-112 85.30 69.48 84.32 1.26 0.39 2.36 33X-3, 100-102  303.20 32.46 57.28 1.85 1.25 2.83
10H-3, 110-112 89.80 56.00 77.05 1.40 0.62 2.66 33X-4, 100-102  304.70 31.82 55.93 1.86 1.27 2.76
11H-2, 110-112 94.80 71.05 85.72 1.40 0.41 2.44 33X-5, 100-102  306.20 32.12 56.81 1.86 1.26 2.82
11H-6, 110-112  100.80 69.16 84.51 1.3 0.40 243 33X-6, 100-102  307.70 38.19 61.96 1.713 1.07 2.67
12H-2, 110-112  104.30 60.56 81.36 1.39 0.5 2.86 34X-1, 100-102  309.70 33.95 57.90 1.80 1.19 27
12H-5, 110-112  108.80 45.20 68.10 1.61 0.88 2.62 34X-2, 100-102  311.20 29.89 53.82 1.88 1.32 277
13H-1, 110-112 112,30 58.29 77.91 1.40 0.58 2,54 34X-3, 100-102 312,70 30,00 55.48 1.92 1.35 2.95
13H-4, 110-112  116.80 44.81 68.03 1.58 0.87 2.65 34X-4, 100-102 31420 28.62 52.22 1.94 1.39 2.76
14H-1, 110-112  121.80 49.91 72.41 1.53 0.77 2.66 34X-5, 100-102  315.70 il 55.95 1.84 1.26 276
14H-4, 110-112  126.30 45.51 69.47 1.61 0.88 2.75 34X-6, 100-102  317.20 31.25 56.80 1.90 1.31 2.93
15H-2, 110-112 13194 44.94 67.16 1.67 0.92 2.53 35X-1, 100-102  319.20 31.55 55.78 1.85 1.27 21
15H-5, 110-112  136.44 45.22 68.49 1.56 0.86 2.66 35X-2, 100-102  320.70 35.64 60.03 1.79 1.15 2.75
17H-2, 100-102 149,70 57.20 77.96 1.42 0.61 2.66 35X-3, 100-102  322.20 46.89 68.79 1.56 0.83 2.52
17TH-4, 100-102  152.70 56.53 76.63 1.43 0.62 2.54 36X-1, 100102  328.70 30.40 53.23 1.84 1.28 2.64
18H-3, 110-112  160.80 45,50 67.53 1.59 0.86 2.52 36X-2, 97-99 330.17 30.28 53.95 1.86 1.30 2,73
18H-6, 110-112  165.30 56.49 76.46 1.42 0.62 2.52 37X-2, 100102  339.70 33.43 56,92 1.79 1.19 2.67
19H-2, 90-92 168.60 53.83 75.48 1.47 0.68 2.66 37X-3, 100-102  341.20 31.28 55.83 1.89 1.30 2.82
22H-1, 100-102  195.70 46.80 69.97 1.59 0.84 2.68 39X-1, 100-102  357.20 I 56.87 1.93 1.32 2.88
23X-2, 100-102  206.70 37.87 62.26 1.72 1.07 2,74 39X-2, 100-102  358.70 30.27 53.89 1.87 1.30 2.73
23X-3, 100-102  208.20 40.73 64.15 1.64 0.97 2.63 39X-3, 100-102  360.20 29.00 53.42 1.92 1.36 2.85
23X-4, 100-102  209.70 37.43 61.65 1.72 1.08 2.72 39X-4, 100-102  361.70 30.06 53.68 1.90 1.33 2.73
23X-5, 100-102  211.20 39.04 63.06 1.66 1.01 2.70 39X-5, 100-102  363.20 29.97 54.22 1.90 1.33 2.81
24X-1, 100-102  214.70 42.25 66.42 1.65 0.95 273 39X-6, 100-102 364,70 29.56 52.97 1.88 1.32 2,72
24X-2, 100-102  216.20 41,22 65.06 1.62 0.95 2,69 40X-1, 98-100 366,68 29,95 53.01 1.85 1.29 2.67
24X-3, 100-102  217.70 43.78 67.14 1.59 0.89 2.65 40X-2, 98-100 368.18 20.82 53.57 1.86 1.31 2.75
24X-4, 100-102 219,20 49.98 72.53 1.52 0.76 2,67 40X-3, 98-100 369.68 30.55 54.28 1.82 1.26 2.74
24X-5, 100-102 220,70 39.72 6.34 1.71 1.03 2.65 40X-4, 98-100 371.18 31.00 55.20 1.86 1.28 2,78
24X-6, 100-102  222.20 54.15 76.45 1.44 0.66 2.7 40X-5, 98-100 372.68 30.89 54,78 1.85 1.28 2.75
25X-1, 100-102 22420 55.96 76.29 1.44 0.63 2.55 40X-6, 98-100 374.18 31.56 54.44 1.84 1.26 2,63
25X-2, 100-102  225.70 4539 63.4 1.57 0.85 2.11 41X-1, 101-103  376.21 29.08 52.73 1.90 1.35 2.76
25X-3, 52-54 226.72 57.19 78.92 1.54 0.66 2.82 41X-2, 101-103 37771 31.75 55.21 1.81 1.24 2.69
25X-4, 52-54 228.22 59.57 78.09 1.38 0.56 243 41X-3, 101-103  379.21 3116 55.02 1.82 1.25 2.74
25X-5, 100-102  230.20 44.93 68.97 1.61 0.88 2.75 41X-4, 101-103  380.71 30.25 54.81 1.89 1.32 2.83
25X-6, 100-102  231.70 42.94 66.62 1.61 0.92 2.68 41X-5, 101-103  382.21 3L01 54.51 1.85 1.27 2.70
26X-1, 100-102 233,70 44.29 67.32 1.57 0.88 2.52 41X-6, 101-103  373.71 32.23 54.64 1.81 1.22 2.57
26X-2, 100-102  235.20 45.92 67.96 1.54 0.83 2.52 42X-2, 99-101 387.19 32.57 56.13 1.80 1.22 2.68
26X-3, 100-102  236.70 44,60 68.13 1.58 0.87 2.68 42X-4, 99-101 390.19 28.61 51.55 1.87 1.33 2.69
26X-4, 100-102 238,20 49.04 72.51 1.53 0.78 2.7 42X-6, 99-101 392,76 28.07 50.85 1.88 1.35 2.69
27X-2, 100-102 244,70 39.55 62.59 1.67 1.01 2.59 43X-1, 100-102  395.20 27.51 50.40 1.95 1.42 2.72
27X-3, 60-62 245.80 62.26 79.57 1.36 0.51 2.37 43X-4, 100-102 398,70 27,30 50.14 1.93 1.41 272
27X-4, 100-102  247.70 36.24 60.63 1.75 1.11 2.74 43X-7, 50-52 401.80 28.04 51.39 1.91 1.38 2.75
27X-5, 75-77 248.95 40.00 63.87 1.65 0.99 2.68 44X-1, 100-102 404,70 34.37 58.92 1.79 1.17 2.78
27X-6, 100-102 250,70 30.92 55.56 1.89 1.31 2.83 45X-1, 101-103 414,21 32.56 56.74 1.85 1.25 2.75
28X-1, 110-112 252,80 30.41 55.09 1.89 L3 2.85 45X-2, 101-103 41571 3Ll 54,68 1.87 1.29 27
28X-2, 110-112  254.30 38.22 62.32 1.72 1.07 27 46X-2, 101-103  425.21 28.26 51.39 1.90 1.37 272
28X-3, 110-112 255.80 32.712 57.74 1.81 1.21 2.85 46X-3, 101-103 426.71 61.75 R1.87 1.85 0.71 2.81
28X-4, 100-102  257.20 3317 51.57 1.80 1.20 2,717 47X-2, 90-92 434,60 32.54 56,33 1.81 1.22 27
27X-5, 100-102  258.70 31.90 56.69 1.84 1.26 2.83 47X-3, 90-92 436.10 28.73 52.75 1.92 137 2.81
28X-6, 110-112  260.30 32.93 57.63 1.86 1.25 2.81 47X-4, 90-92 437.60 33.38 56.78 1.80 1.20 2.65
29X-1, 90-92 262.10 38.14 62.42 1.71 1.06 27 47X-5, 100-102  439.20 29.74 53.11 1.86 1.31 2.71
29X-2, 90-92 263.60 3233 57.01 1.81 1.22 2.81 47X-6, 90-92 440.60 32.23 56.21 1.83 1.24 2.74
29X-3, 90-92 265.10 32.67 57.30 1.84 1.24 2.80 48X-1, 100-102 442.70 29.91 54.82 1.88 1.32 2.88
29X-4, 90-92 266.60 3335 57.61 1.80 1.20 275 48X-2, 100-102 444,20 31.26 54.59 1.83 1.26 2.68
29X-5, 90-92 268.10 31.50 55.67 1.86 1.27 2.7 48X-3, 100-102  445.70 28.08 51.74 1.91 1.37 2.78
29X-6, 90-92 269.60 31.48 5512 1.87 1.28 21 49X-1, 99-101 452,19 30.84 55.30 1.94 1.34 2.81
30X-1, 90-92 271.60 36.63 62.49 1.77 1.12 2.92 49X-2, 83-85 453.53 29.40 53.69 1.88 1.32 2.82
30X-2, 90-92 273.10 16.04 60.75 1.74 1.12 2.78 49X-3, B4-86 455.04 30.87 55.49 1.83 1.27 2.83
30X-3, 90-92 274.60 31.45 56.45 1.87 1.28 2.86 49X-4, B4-86 456.54 34.33 58.81 1.65 1.09 2.77
30X-4, 90-92 276,10 33.88 58.98 1.83 1.21 2.84 49X-5, 135-137  458.55 30.79 55.25 1.90 1.3 2.81
30X-7, 90-92 278.60 40.64 66.03 1.69 1.00 2.88 50X-1, 50-51 461.20 29.12 54.74 2.02 1.43 2.99
31X-1, 100-102  281.20 32.25 57.47 1.88 1.28 2.88 52X-1, 100-102 473,20 31.08 55.07 1.85 1.28 2.76
31X-2, 100-102  282.70 30.05 54.32 1.90 1.33 2.81 52X-2, 100-102 47470 29.31 54.26 2.00 1.41 2.90
3IX-3, 100-102 284,20 30.28 53.78 1.86 1.30 212 §52X-3, 100-102  476.20 27.51 51.33 2.20 1.59 2.82
31X-4, 100-102  285.70 24.83 47.68 2.03 1.53 2,80 52X-4, 98-100 477.68 29.44 54.83 2.02 1.42 2.95
31X-5, 100-102  287.20 29.65 54.06 1.92 1.35 2.81 52X-5, 98-100 479.18 28.03 52.37 2.07 1.49 2.86
31X-6, 100-102  288.70 29.47 53.84 1.93 1.36 2,83 53X-1, 105-107  482.75 28.00 53,45 214 1.54 3.00
32X-1, 100-102  290.70 30.03 53.75 1.88 1.32 2.75 53X-2, 115-117 484,35 32.24 57.63 1.94 1.32 2.90
32X-2, 100-102  292.20 3L 55.21 1.89 1.30 2.1 54X-1, 103-105  492.23 29.67 55.91 2.20 1.55 3.05
32X-3, 100-102  293.70 3119 55.13 1.84 1.27 2.75 54X-2, 100-102  493.70 33.60 57.29 1.86 1.23 2.69
12X-4, 100-102  295.20 30.38 55.34 1.86 1.29 2.88 54X-3, 100-102  495.20 32.04 55.81 1.86 1.26 2.71
32X-5, 100-102  296.70 41.76 66.01 1.85 1.08 2.74 54X-4, 100-102  496.70 30.59 57.18 1.95 1.36 3.07
312X-6, 100-102  298.20 24.64 47.35 1.77 1.34 2.79 54X-5, 100-102 498,20 32.55 57.63 1.97 1.33 2.86
33X-1, 100-102  300.20 30.71 55.41 1.90 1.32 2.84 55X-2, 70-72 502.90 30.40 52.45 2.09 1.45 2.56
33X-2, 100-102 30170 33.47 57.86 1.81 1.21 2.1 55X-4, 54-56 505.74 29.04 51,41 2.04 1.45 2.62
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Table 8 (continued).

Densities
Water Wet Dry
Sample Depth  content  Porosity bulk bulk Grain
(cm) (mbsf) (%) (%) (8/em’)  (g/em’)  (g/em?)
Hole 704B (continued):
55X-5, 95-97 507.65 33.94 59.43 1.83 1.21 2.89
55X-6, 74-76 508.94 31.83 59.73 2.07 1.41 322
56X-2, 25-27 511.95 28.39 58.37 2.44 1.75 3.59
56X-3, 57-59 513.77 32.57 57.41 1.86 1.25 2.83
56X-4, 62-64 515.32 21.18 42.50 2.44 1.92 2.79
57X-2, 93-95 522.13 31.29 54.94 2.19 1.50 2.71
57X-CC, 26-28  523.86 28.41 52,37 2.17 1.55 2.81
58X-2, 78-80 531.48 25.45 49.61 2.09 1.56 2.93
58X-3, 102-104  533.22 28.27 50.52 1.97 1.41 2.63
58X-5, 54-56 535.74 26.53 49.73 2.11 1.55 2.78
58X-6, 42-44 537.12 25.32 49.04 2.12 1.59 2.88
59X-1, 103-105  539.73 23.15 45.42 2,12 1.6 2.80
59X-2, 123-125 541.43 27.83 51.48 2.01 1.45 2.79
59X-3, 125-127 54295 25.43 48.66 2.05 1.53 2.82
60X-3, 40-42 551.60 24.70 53.08 2.73 2.05 3.50
60X-4, 48-50 553.18 26.81 51.26 2.00 1.46 291
60X-6, 10-12 555.80 27.89 51.82 1.96 1.41 2.82
61X-2, 78-80 559.98 25.74 49.29 1.97 1.46 2.85
62X-2, 122-124  569.92 27.63 50.28 2.00 1.45 2.69
62X-3, 116-118  571.36 28.05 51.38 1.99 1.43 2,75
62X-4, 109-111  572.79 26.43 49.29 1.98 1.46 2.75
62X-5, 135-137  574.55 27.55 49.63 1.91 1.38 2.63
63X-1, 130-132  578.00 28.15 52.20 2.02 1.45 2.83
63X-2, 115-117  §79.35 29.00 52.13 1.96 1.39 2.70
63X-3, 136-138  581.06 27.76 51.01 1.98 1.43 2.76
63X-4, 63-65 581.83 29.78 53.93 1.90 1.33 2.80
63X-5, 100-102  583.70 33.30 57.56 1.82 1.21 2,75
64X-1, 1-3 586.21 32.15 57.50 1.88 1.28 2.90
64X-3, 74-76 589.94 29.68 53.10 1.91 1.34 2.72
64X-CC, 31-33  590.79 31.45 54.79 1.87 1.28 2.68
65X-1, 137-139  597.07 30.87 54.87 1.95 1.35 2.76
65X-2, 134-136  598.54 29.47 53.52 1.89 1.34 2.79
65X-3, 90-92 599.60 29.66 52.10 1.89 1.33 2.61
66X-1, 5-7 605.25 28.79 52.35 1.96 1.40 2.76
66X-CC, 12-14  605.91 23.81 44.78 2.04 1.55 2.63
67X-1, 108-110  615.78 26.62 49.62 2.02 1.49 2.75
68X-1, 126-128  625.46 27.32 50.55 1.96 1.42 2.76
68X-2, 77-79 626.47 26.91 50.12 1.93 1.41 2.77
69X-1, 60-62 634.30 25.65 48.36 1.98 1.47 2.75
T0X-1, 4-6 643.24 26.96 48.43 1.92 1.40 2.58
71X-1, 105-107  653.75 21.50 50.92 1.97 1.43 2.78
71X-2, 98-100 655.18 20.11 40.57 2.03 1.62 2.75
T1X-3, 55-57 656.25 23.26 45.41 2.04 1.57 2.79
72X-1, 102-105  663.22 20.91 41.91 .15 1.70 2m
72X-2, 93-95 664.63 23.55 44.75 2.06 1.58 2.67
72X-3, 114-116  666.34 4.99 11.19 2.43 2.31 2.44

through 12. Downcore profiles of wet-bulk density, porosity,
water content, grain density, carbonate content, P-wave veloc-
ity, thermal conductivity, and shear strength are presented in
Figure 22. To illustrate how high productivity and climatic cy-
cles affect the physical properties of sediments, a comparison
between carbonate content, organic carbon, and grain density
and a comparison between GRAPE density, carbonate content,
and wet-bulk density are shown in Figures 23 and 24, respec-
tively. The changes in these parameters correlate well with the
climatically controlled depositional environment and the two
lithostratigraphic units (see “Lithostratigraphy” section). For
comparison, the properties of the two lithostratigraphic units
are summarized as follows:

Lithostratigraphic Unit I (0-451.2 mbsf) is subdivided into
four subunits, which are readily apparent in the physical proper-
ties:

Subunit IA (0-101.7 mbsf) consists of a mixture of calcare-
ous siliceous and siliceous calcareous ooze, which is character-
ized by numerous variations in carbonate content and grain
density. The other index properties and thermal conductivity
show a similar pattern (Fig. 22). For example, large changes in
wet-bulk density parallel distinct changes in the concentrations
of carbonate. P-wave velocity and shear strength data (Fig. 22)
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have only small variations, which appear to be independent
from the variations in carbonate.

Subunit IB (101.7-175.7 mbsf) is a dominantly siliceous cal-
careous ooze, with high variations in carbonate content. The
average values for this subunit of carbonate content, wet-bulk
density, grain density, thermal conductivity, and shear strength
(Fig. 22) are distinctly higher than in Subunit IA. The transition
between Subunits IA and IB is marked by lows in carbonate
content (20.27% at 99.4 mbsf) and in grain density (1.65 g/
cm?), which correspond to a diatom layer (J. Fenner, pers.
comm., 1987).

Subunit IC (175.7-251.7 mbsf) is a siliceous calcareous ooze
in which the average values of carbonate content, wet-bulk den-
sity, grain density, thermal conductivity, and shear strength are
higher than in the previous subunits, illustrating a stepwise in-
crease in these properties from Subunits IA through IC to ID.
The lower part of Subunit IC and the transition between Sub-
units IC and ID are marked by a low in carbonate content that
corresponds to lows in wet-bulk density and thermal conductiv-
ity and highs in porosity and water content (Fig. 22).

Subunit ID (251.7-451.2mbsf) consists of a nannofossil ooze
that shows high carbonate content values of about 80%, with
small variations throughout the subunit. Only at 322.2 and
404.7 mbsf does the carbonate content drop to 39.7% and
61.47%, respectively (Table 9), which corresponds at 322.2 mbsf
to an increase in wet-bulk density and grain density and a de-
crease in porosity, shear strength, and water content (Fig. 22).
The decrease in carbonate content at 322.2 mbsf may corre-
spond mainly to dilution by increased concentrations of sili-
ceous material, as shown by the low grain density of 2.52 g/
cm’. However, if the dissolution of carbonate is proportional to
an increased concentration of siliceous material, the same effect
would be seen. Because the decrease in carbonate content at
404.7 mbsf does not accompany the distinct changes in grain
density observed above, siliceous material is believed to occur in
only minor proportions.

In summary, Subunits IA through IC show high-amplitude
changes in the concentrations of carbonate and in the physical
properties. These changes diminish quite abruptly at the top of
Subunit ID. In contrast to the other physical properties, the P-
wave velocities are consistently low throughout Unit I with two
exceptions, at 186.7 mbsf (2058 m/s, hard sediment layer) and
at 428.14 mbsf (1994 m/s, indurated chalk) (Fig. 22).

Lithostratigraphic Unit [ (0-451.2 mbsf, middle Miocene to Pleistocene)
Subunit IA (0-101.7 mbsf, uppermost Pliocene to Pleistocene)

Mean Maximum Minimum

Wet-bulk density (g/em?) 1.37 1.66 1.23
Dry-bulk density (g/cmi) 0.50 0.92 0.27
Grain density (g/cm”) 2.55 291 1.65
Porosity (%) 81.90 88.12 67.82
Water content (%) 64.34 78.63 42.38
Carbonate content (%) 39.58 94.24 4.67
Thermal conductivity (W/m/K) 0.933 1.483 0.459
Shear strength (kPa) 12.2 30.3 3.5
P-wave velocity (m/s) 1568 1613 1528

Subunit IB (101.7-175.7 mbsf, upper Pliocene)

Mean Maximum Minimum

Wet-bulk density (g/cm’) 1.51 1.77 1.32
Dry-bulk density (g/cm?) 0.75 1.09 0.39
Grain density (g/cm’) 2.64 2.86 2.44
Porosity (%) 73.13 86.64 60.92
Water content (") 51.51 70.39 36.79
Carbonate content (%) 59.05 89.24 12.84
Thermal conductivity  (W/m/K) 1.105 1.438 0.843
Shear strength (kPa) 37.5 135.0 11.6
P-wave velocity (m/s) 1570 1703 1526
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Subunit IC (175.7-251.7 mbsf, uppermost

Miocene to upper Pliocene)

Mean Maximum Minimum
Wet-bulk density (g/cm3) 1.61 1.77 1.32
Dry-bulk density (gfcrrl3) 0.90 1.31 0.55
Grain density (g/em?) 2.66 2.88 2.11
Porosity (%) 67.49 80.11 55.56
Water content (%) 44.63 62.26 30.92
Carbonate content (7o) 61.51 87.74 1.00
Thermal conductivity (W/m/K) 1.232 1.550 0.838
Shear strength (kPa) 64.4 107.0 20.9
P-wave velocity (m/s) 1594 2059 1522

Subunit ID (251.7-451.2 mbsf, uppermost
lower Miocene to uppermost Miocene)

Mean Maximum Minimum
Wet-bulk density (g/cm’) 1.85 2.03 1.71
Dry-bulk density (gz’cm’) 1.26 1.53 0.71
Grain density (g/cm?) 2.76 2.95 2.52
Porosity (%) 56.00 81.87 47.35
Water content (%) 32.03 61.75 24.83
Carbonate content (%) 82.98 94.50 39.70
Thermal conductivity (W/m/K) 1.506 1.798 1.236
Shear strength (kPa) 74.8 238.9 11.6
P-wave velocity (m/s) 1622 1994 1541

Lithostratigraphic Unit II (451.2-671.7 mbsf) is subdivided
into Subunit IIA, a micrite-bearing nannofossil chalk (451.2-
491.2 mbsf), and Subunit I1IB, a micritic indurated nannofossil
chalk (491.2-671.7 mbsf). The overall pattern of physical prop-
erties in Unit II illustrates a decrease in porosity and water con-
tent with depth, with one major excursion at the bottom of the
sediment column that corresponds to a distinct decrease in car-
bonate content (Fig. 22). Wet-bulk densities and grain densities
(Fig. 22) display some erratic values, especially at and below the
diagenetic transition (480-550 mbsf) from nannofossil chalk to
indurated nannofossil chalk. A major change is also noted in P-
wave velocities at about 505 mbsf (Fig. 22), which marks more
clearly the distinct increase in diagenesis. This is the first in-
stance of P-wave velocities increasing steadily to a value of
about 2000 m/s. Below 600 mbsf, velocities show more variabil-
ity, in the range from 1700 to 2500 m/s, and reach a maximum
of about 4071 m/s in a limestone at 666.32 mbsf. The low veloc-
ities at these depths are more likely indicative of drilling distur-
bance, and the higher values may be more representative.

Lithostratigraphic Unit II (451.2-671.7 mbsf,
lower Oligocene to upper lower Miocene)

Subunit 1IA (451.2-491.2 mbsf, upper lower
Miocene to middle Miocene)

Mean Maximum Minimum
Wet-bulk density (g/cm?) 1.96 2.20 1.65
Dry-bulk density (g/em’) 1.37 1.59 1.09
Grain density (g/em?) 2.86 3.00 2.76
Porosity (%) 54,80 58.81 51.33
Water content (%) 30.07 34.33 27.51
Carbonate content (7o) 82.04 88.74 73.73
Thermal conductivity (W/m/K) 1.554 1.759 1.280
Shear strength (kPa) 529 59.3 46.5
P-wave velocity (m/s) 1674 1742 1577

Subunit 1B (491.2-671.7 mbsf, lower
Oligocene to upper lower Miocene)

Mean Maximum Minimum

Wet-bulk density (gfcrn3} 2.03 2:73 1.82
Dry-bulk density (gfcml} 1.47 2.31 1.21
Grain density (a/cm?) 2.80 3.59 2.44
Porosity (%) 50.84 59.73 11.19
‘Water content (%) 27.55 33.94 4.99
Carbonate content (%) 82.51 90.99 59.05
Thermal conductivity (W/m/K) 1.532 1.839 1.108
P-wave velocity (m/s) 1977 4071 1655
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Discussion and Conclusions

The physical properties of sediments are highly variable in
an oceanic upwelling area at the polar front of the Southern
Ocean. The variations in grain density (Fig. 22), in particular,
are proxy indicators for the concentration of siliceous material
(Mienert et al., 1988) and show an overall pattern of a stepwise
increase in the concentration of siliceous material from about 6
Ma, with a distinct increase and change in the amplitude of the
variability from about 2.6 Ma. The grain density and carbonate
content are inversely correlated (Fig. 23), as are carbonate and
organic carbon, Low grain densities (less than 2.6 g/cm?) corre-
spond to low carbonate content values and high values of or-
ganic carbon. Detailed investigations in upwelling areas off
Northwest Africa have shown that high concentrations of or-
ganic carbon correspond to high biologic productivity in the
surface waters (Thiede et al., 1982). Thus, our preliminary re-
sults may indicate a distinct increase in productivity since the
middle Pliocene.

The marked changes in the amplitudes of the physical prop-
erties, however, occurred by about 6.2 Ma (approx. 246 mbsf),
based on biostratigraphic and magnetostratigraphic data (see
“Biostratigraphy” and “Paleomagnetics” sections, respectively,
this chapter). Although P-wave velocities are quite uniform
throughout this interval, wet-bulk densities show distinct changes
that may give rise to a distinct sequence of reflectors.

The periodicity observed in the wet-bulk density and GRAPE
records correlates quite well with the carbonate content record.
Biostratigraphic and magnetostratigraphic data (“Biostratigra-
phy” and “Paleomagnetics” sections, respectively) give an age
of 2.45 Ma for the depth interval at approximately 168 mbsf.
The periodicity of the wet-bulk density, the GRAPE density,
and the carbonate content gives an average cycle of approxi-
mately 75,000 for this period of time. Thus, the high-resolution
GRAPE data are certainly valuable to explore whether Mi-
lankovitch cycles are contained in this sedimentological record,
and as such, they will be analyzed in more detailed shore-based
studies.

SEISMIC STRATIGRAPHY

Site 704 is located on the southern part of the Meteor Rise
(46°52.758'S, 07°25.231'E) in a water depth of 2532.3 m, on a
plain west of and deeper than (~ 1000 m) the crestal area (Fig.
25). A 0.8-s-thick (TWT) section of pelagic sediments was de-
posited on a 40-km-wide, level or gently westward-sloping base-
ment surface in the southern part of the site survey area, which
changes to the north into a synclinal trough about 20 km wide
(Fig. 25).

JOIDES Resolution acquired seismic data on approach and
departure from Site 704 (Fig. 25). The sediments at Site 704 are
predominantly carbonates, with a varying biosiliceous compo-
nent down to about 250 mbsf (Fig. 26). At 451 mbsf the nanno-
fossil ooze changes into micrite-bearing chalk that is further al-
tered to indurated chalk at 491.2 mbsf. The wet-bulk density
closely reflects the downhole variation in carbonate content in
the ooze and varies by as much as 50%. On the other hand, P-
wave velocity measured on samples is nearly constant (1500-
1650 m/s) down to 450 mbsf, from where it increases gradually
across the chalk/indurated chalk transition to about 2000 m/s.
The in-situ sonic log shows low velocities between 120 and 245
mbsf, except for two intervals that correlate with higher resistiv-
ities and lower values of carbonate content. At 245 mbsf, the ve-
locity increases linearly from 1700 to 2300 m/s at the bottom of
the hole. Therefore, the acoustic impedance, or reflectivity, is
directly related to the CaCO, content, as documented by Mayer
(1979). We note that the amplitude of fluctuations in carbonate
content and wet-bulk density is particulary high above 175 mbsf,
intermediate from 175-330 mbsf, and small below this depth. In
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Table 9. Caicium carbonate content, Site

704, Table 9 (continued). Table 9 (continued).
Sample Depth  Carbonate Sample Depth  Carbonate Sample Depth  Carbonate
(em) (mbsf) (%) (em) (mbsf) (%) {cm) (mbsf) (%)
Hole 704A: Hole 704A (continued): Hole 704B (continued):

1H-1, 100-102 1.00 51.62 14H-5, 100-102 128.20 45.87 11H-2, 110-112 94.80 8.01
1H-2, 100-102 2.50 85.74 14H-5, 130-132 128.50 89.24 11H-6, 110-112 100.80 13.93
1H-3, 100-102 4.00 36.20 15H-1, 100-102 131,70 74.56 12H-2, 110-112 104.30 45.54
1H-4, 130-132 5.80 92.32 15H-2, 100-102 133.20 50.96 12H-5, 110-112 108.80 79.90
1H-5, 111-113 7.1 24.52 15H-3, 100-102 134.70 49,87 13H-1, 110-112 112.30 19.52
2H-1, 30-32 7.50 94.24 15H-5, 100-102 137.70 38.79 13H-4, 110-112 116.80 77.40
2H-1, 100-102 8.20 68.89 16H-2, 100-102 142.70 23.35 14H-1, 110-112 121.80 63.72
2H-2, 100-102 9.70 36.03 16H-3, 100-102 144.20 77.22 14H-4, 110-112 126.30 74.06
2H-3, 100-102 11.20 6.76 16H-4, 100-102 145.70 79.81 15H-2, 110-112 131.94 73.98
2H-4, 100-102 12.70 70.39 16H-5, 100-102 147.20 41.28 15H-5, 110-112 136.44 72.81
2H-5, 100-102 14.20 61.80 17X-2, 100-102 152.20 82.90 17X-2, 100-102 149.70 54.04
2H-6, 130-132 16.00 20.60 17X-3, 100-102 153.70 66.20 17X-4, 100-102 152.70 53.96
3H-1, 30-32 17.00 25.44 17X-4, 100-102 155.20 64.80 18X-3, 110-112 160.80 52.63
3H-1, 100-102 17.70 61.38 17X-5, 100-102 156.70 64.89 18X-6, 110-112 165.30 55.79
3H-2, 100-102 19.20 38.78 18X-1, 100-102 160.20 75.89 19X-2, 90-92 168.60 53.63
3H-3, 110-112 20.80 61.55 18X-2, 100-102 161.70 50.71 22X-1, 100-102 195.70 50.04
4H-3, 20-22 29.40 83.40 18X-3, 125-127 163.45 54.79 23X-2, 100-102 206.70 67.55
4H-3, 100-102 30.20 52,21 18X-4, 100-102 164.70 73.73 23X-3, 100-102 208.20 79.90
4H-5, 80-82 33.00 65.39 18X-5, 100-102 166.20 57.46 23X-4, 100-102 209.70 73.39
4H-6, 35-37 34.05 36.36 18X%-6, 60-62 167.30 35.44 23X-5, 100-102 211.20 71.73
5H-1, 100-102 36.70 85.57 19X-2, 100-102 171.20 58.05 24X-1, 100-102 214.70 71.56
5H-3, 100-102 39.70 38.53 19X-3, 100-102 172.70 72.47 24X-2, 100-102 216.20 78.31
5H-4, 100-102 41.20 30.61 19X-4, 100-102 174,20 88.99 24X-3, 100-102 217.70 67.47
5H-5, 100-102 42.70 73.73 19X-5, 100-102 175.70 41.95 24X-4, 100-102 219.20 47.54
5H-6, 100-102 44,20 20.10 19X-6, 100-102 177.20 80.56 24X-5, 100-102 220.70 68.05
6H-1, 100-102 46.20 48.04 20X-1, 100-102 179.20 72.39 24X-6, 100-102 222.20 16.35
6H-3, 100-102 49.20 30.36 20X-2, 100-102 180.70 72.22 25X-1, 100-102 224.20 31.36
6H-4, 100-102 50.70 28.77 20X-3, 100-102 182.20 75.81 25X-2, 100-102 225.70 63.72
6H-5, 50-52 51.70 57.11 20X-4, 100-102 183.70 85.82 25X-3, 50-52 226.70 49.46
6H-5, 100-102 52.20 9.09 20X-5, 100-102 185.20 82.23 25X-4, 50-52 228.20 8.01
6H-6, 100-102 53.70 47.96 20X-6, 100-102 186.70 72.23 25X-5, 100102 230.20 58.80
7H-1, 108-110 55.78 17.68 21X-1, 100-102 188.70 83.07 25X-6, 100-102 231.70 61.55
TH-2, 102-104 57.22 53.04 21X-2, 100-102 190.20 87.74 26X-1, 100-102 233.70 60.21
7H-3, 102-104 58.72 19.27 21X-3, 100-102 191.70 B1.06 26X-2, 100-102 235.20 50.12
TH-4, 102-104 60.22 51.79 21X-4, 70-72 192.90 71.47 26X-3, 100-102 236.70 59.13
7TH-5, 102-104 61.72 25.85 22X-1, 100-102 198.20 68.47 26X-4, 100-102 238.20 44.20
TH-6, 40-42 62.60 15.60 22X-2, 100-102 199.70 60.46 27X-2, 100-102 244,70 68.42
8H-1, 100-102 65.20 64.05 22X-3, 100-102 201.20 51.79 27X-3, 60-62 245.80 25.92
8H-3, 53-54 67.72 60.72 22X-4, 100-102 202.70 77.81 27X-4, 100-102 247.70 77.92
8H-3, 100-102 68.20 10.01 22X-5, 100-102 204.20 78.90 27X-5, 15-77 248.95 64.33
8H-4, 90-92 69.90 26.44 23X-1, 100-102 207.70 82.90 27X-6, 100-102 250.70 83.25
8H-5, 40-42 70.60 27.36 23X-2, 100-102 209.20 74.98 28X-1, 110-112 252.80 86.33
8H-6, 60-62 72.30 37.53 23X-3, 100-102 210.70 71.81 28X-2, 110-112 254.30 70.33
9H-1, 100-102 74,70 50.54 23X-4, 100-102 212.20 69.72 28X-3, 110-112 255.80 93.75
9H-2, 100-102 76.20 31.36 23X-5, 100-102 213.70 62.72 28X-4, 100-102 257.20 B8.92
9H-3, 100-102 77.70 54.54 24X-2, B2-84 218.52 63.22 28X-5, 100-102 258.70 87.83
9H-4, 100-102 79.20 64.80 24X-3, 82-84 220.02 57.80 28X-6, 110-112 260.30 83.92
9H-5, 100-102 80.70 10.26 24X-4, 82-84 221.52 35.78 29X-1, 90-92 262.10 72.60
9H-6, 100-102 82.20 10.17 24X-5, 82-84 223.02 48.46 29X-2, 90-92 263.60 94.50
10H-1, 99-101 84.19 11.18 25X-1, 130-132 227.00 43,95 29X-3, 90-92 265.10 81.83
10H-2, 99-101 85.69 51.79 25X-2, 130-132 228.50 1.00 29X-4, 90-92 266.60 84.33
10H-3, 99-101 87.19 26.94 25X-3, 90-92 229.60 75.39 29X-5, 90-92 268.10 84.83
10H-4, 105-107 88.75 23.44 25X-4, 90-92 231.10 41.20 29X-6, 90-92 269.60 65.58
10H-5, 99-101 90.19 4.67 25X-5, 50-52 232.20 57.88 30X-1, 100-102 271.70 66.67
10H-6, 99-101 91.69 16.51 25X-6, 50-52 233.70 39.53 30X-2, 100-102 273.20 75.23
11H-1, 100-102 93.70 31.19 30X-3, 100-102 274.70 93.49
11H-3, 100-102 9%.70  17.10 Hole 7048: 30X-4, 100-102 27620  82.82
11H-4, 110-112 98.30 44.28 1H-2, 110-112 2.60 20.02 30X-7, 100-102 278.70 68.14
11H-5, 70-72 99.40 20,27 1H-4, 110-112 5.60 38.45 31X-1, 100-102 281.20 81.48
11H-6, 30-32 100.50 36.86 2H-3, 110-112 10.80 61.47 31X-2, 100-102 282.70 86.24
11H-7, 20-22 101.90 84.32 2H-5, 110-112 13.80 47.12 31X-3, 100-102 284.20 90.57
12H-1, 58-60 102.78 63.22 3H-2, 110-112 18.80 37.28 31X-4, 100-102 285.70 95.49
12H-2, 58-60 104.28 33.86 3H-4, 110-112 21.80 61.30 31X-5, 100-102 287.20 89.91
12H-3, 58-60 105.78 59.80 4H-2, 110-112 28.30 30.69 31X-6, 100-102 288.70 84.48
12H-5, 58-60 108.78 76.48 4H-4, 110-112 31.30 63.72 32X-1, 100-102 290.70 84.15
12H-5, 58-60 110.28 73.89 6H-2, 100-102 47.20 45.45 32X-2, 100-102 292.20 86.99
13H-1, 100-102 112.70 21.68 6H-5, 100-102 51.70 16.60 32X-3, 100-102 293.70 90.91
13H-2, 30-32 113.50 58.96 TH-3, 100-102 58.20 20.93 32X-4, 100-102 295.20 91.49
13H-2, 100-102 114.20 23.10 TH-5, 100-102 61.20 58.96 32X-5, 100-102 296.70 68.89
13H-3, 100-102 115.70 75.64 8H-3, 30-32 66,66 54.04 32X-6, 100-102 298.20 87.74
13H-4, 100-102 117.20 52.54 8H-3, 110-112 67.46 21.10 33X-1, 100-102 300.20 92.99
14H-1, 100-102 122.28 77.40 9H-1, 110-112 74.30 24,52 33X-2, 100-102 301.70 79.56
14H-2, 30-32 123.00 12.84 9H-5, 110-112 80.30 50.87 33X-3, 100-102 303.20 88.74
14H-2, 100-102 123.70 61.47 10H-2, 110-112 85.30 13.51 33X-4, 100-102 304.70 87.57
14H-4, 100-102 126.70 44,45 10H-5, 110-112 89.80 61.38 33X-5, 100-102 306.20 86.07

665



SITE 704

Table 9 (continued).

Sample Depth  Carbonate
(cm) (mbsf) (o)
Hole 7048 (continued):

33X-6, 100-102 307.70 62.88
34X-1, 100-102 309.70 92.99
34X-2, 100-102 311.20 88.07
34X-3, 100-102 312.70 93.07
34X-4, 100-102 314.20 87.99
34X-5, 100-102 315.70 82.82
34X-6, 100-102 317.20 86.07
35X-1, 100-102 319.20 78.73
35X-2, 100-102 320.70 71.14
35X-3, 100-102 322.20 39.70
35X-4, 100-102 323.70 46.04
35X-4, 100-102 325.20 69.39
35X-6, 100-102 326.70 B3.48
36X-1, 100-102 328.70 90.49
36X-2, 97-99 330.17 91.24
37X-3, 100-102 339.70 B1.15
37X-3, 100-102 341.20 89.92
39X-1, 100-102 357.20 91.16
39X-2, 100-102 358.70 89.07
39X-3, 100-102 360.20 92.16
39X-4, 100-102 361,70 91.99
39X-5, 100-102 363.20 92.91
39X-6, 100-102 364.70 93.24
40X-1, 98-100 366.68 87.82
40X-2, 98-100 368.18 81.57
40X-3, 98-100 369.68 81.73
40X-4, 98-100 371.18 81.06
40X-5, 98-100 372.68 78.40
40X-6, 98-100 374.18 79.90
41X-1, 101-103 376.21 89.15
41X-2, 101-103 377.71 79.73
41X-3, 101-103 379.21 79.48
41X-4, 101-103 380.71 85.99
41X-5, 101-103 382.21 85.99
41X-6, 101-103 383.71 79.56
42X-2, 99-101 387.19 75.14
42X-4, 99-101 390.19 90.99
42X-6, 99-101 392.76 82.40
43X-1, 100-102 395.20 89.91
43X-4, 100-102 398.70 81.32
43X-7, 50-52 401.80 84.57
44X-1, 100-102 404,78 61.47
45X-1, 101-103 414.21 88.99
45X-2, 101-103 415,71 B8.57
46X-2, 101-103 425.31 94.16
46X-3, 101-103 426.71 82.15
46X-4, 94-96 428.14 84.15
47X-2, 90-92 434.60 73.89
47X-4, 90-92 437.60 71.72
48X-1, 100-102 442.70 85.90
48X-3, 100-102 445.70 79.73
49X-2, B3-85 453.53 73.73
49X-5, 135-137 458.55 79.73
50X-1, 50-51 461.20 80.90
52X-1, 100-102 473.20 85.57
52X-4, 98-100 477.68 83.57
53X-2, 115-117 484.35 88.74
54X-1, 103-105 492.23 87.07
54X-3, 100-102 495.20 89.49
54X-5, 100-102 498.20 84.07
55X-2, 70-75 502.90 86.07
55X-4, 54-56 505.74 78.07
55X-5, 95-97 507.65 88.90
55X-6, 74-76 508.94 90.10
56X-2, 25-27 511.95 86.40
56X-3, 57-59 513.77 88.40
56X-4, 62-64 515.32 80.81
57X-2, 93-95 522.13 88.32
57X, CC (26-28) 523.86 78.23
58X-2, 78-80 531.48 85.07
58X-3, 102-104 533.22 85.40
58X-5, 54-56 535.74 86.57
58X-6, 42-44 537.12 82.23
59X-1, 103-105 539.73 86.32
59X-2, 123-125 541.43 86.82

Table 9 (continued).

Sample Depth  Carbonate
(cm) (mbsf) (%)

Hole 704B (continued):

59X-3, 125-127 542.95 86.32

60X-3, 40-42 551.60 86.32
60X-4, 48-50 553.18 90.07
60X-6, 10-12 555.80 86.32
61X-2, 78-80 559.98 84.57

62X-2, 122-124 569.92 75.14
62X-3, 116-118 571.36 85.49
62X-4, 109-111 572.79 76.98
62X-5, 135-137 574.55 78.98
63X-1, 130-132 578.00 85.07
63X-2, 115-117 579.35 86.40
63X-3, 136-138 581.06 80.40

63X-4, 63-65 581.83 80.98
63X-5, 100-102 583.70 87.57
64X-1, 1-3 586.21 80.90
64X-3, 74-76 589.94 89.57

64X, CC (31-33) 590.79 68.39
65X-1, 137-139 597.07 81.23
65X-2, 134-136 598.54 79.65
65X-3, 90-92 599.60 71.81
66X-1, 5-7 605.25 74.98
66X, CC (12-14) 605.91 80.90
67X-1, 108-110 615.78 90.99
68X-1, 126-128 625.46 78.40

68X-2, 77-79 626.47 79.98
69X-1, 60-62 634.30 89.99
T0X-1, 4-6 643.24 80.06
71X-1, 105-107 653.75 74.31
71X-2, 98-100 655.18 78.40
71X-3, 55-57 656.25 68.97
72X-1, 104-105 663.24 86.40
72X-2, 93-95 664.63 84.90

72X-3, 114-115 666.34 59.05

the seismic-reflection record, this corresponds to the upper 220
ms (TWT) of the section with short continuous reflections, the
underlying 230-440 ms acoustically stratified interval, and the
deeper, less reflective sediments, respectively. In relating travel-
time to depth we use velocities derived from the sonic log (see
“Logging” section).

The reflection at 220 ms, or 175 mbsf, truncates reflection
events west of Site 704 and is therefore associated with a major
unconformity separating units of differing reflection character
and pattern of carbonate fluctuations (Fig. 26). The upper and
lower boundaries of the carbonate low, between 40 and 100
mbsf, are represented by surprisingly weak reflections. A major
shift in wet-bulk density occurs at the base of a low-carbonate
interval at 245 mbsf, The associated reflection event shows that
the stratigraphic position of this shift is related to an erosional
event, rather than to a continuous change in carbonate supply,
as underlying strata are truncated upslope from Site 704. The
brief carbonate low at 320 mbsf corresponds to an event at 400
ms depth in the reflection record, but is about 30 m above the
base of the highly reflective unit.

At depth, the change in diagenetic maturity represented by
the transition from micrite-bearing chalk to indurated chalk at
491 mbsf is associated with a fluctuation of wet-bulk density
over a 60 m interval. Three seismic-reflection events corresponds
to this interval, with the deepest event possibly having a phase
reversal. Drilling was terminated at 671.7 mbsf when the pene-
tration rate decreased drastically in hard, lower upper Oligocene
carbonate rocks that have velocities of about 4 km/s. This level
corresponds to the first arrival of the train of multiple reflec-
tions at 4.2 s (Fig. 26).

The acoustic and physical properties of deep-sea carbonates
and their relation to the paleoceanographic record have been
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Table 10. P-wave velocity, Site 704. Table 10 (continued).
Sample Depth Velocity Sample Depth Velocity
(cm) (mbsf)  Direction (m/s) (cm) (mbsf)  Direction (m/s)

Hole 704A: Hole 704B (cont):

1H-2, 80-82 2.30 c 1548.9 9H-3, 110-112 77.30 (] 1530.7
1H-5, 20-22 6.20 o) 1543.7 10H-4, 110-112 88.30 C 1528.4
2H-2, 100-102 9,70 c 1555.1 11H-4, 110-112 97.80 c 1534.3
2H-3, 100-102 11,20 C 1520.2 12H-4, 110-112  106.30 Q 1546.4
2H-4, 100-102 12.70 C 1582.5 13H-4, 110-112  116.80 c 1530.0
2H-6, 100-102 15.70 c 1558.2 14H-4, 110-112  126.30 C 1541.2
3H-2, 100-102 19.20 c 1563.3 15H-5, 110-112  136.44 c 1578.5
4H-3, 100-102 30.20 C 1588.5 17H-5, 110-112 154,30 c 1576.6
5H-3, 100-102 39.70 [ 1574.0 18H-5, 110-112  162.80 ¢ 1553.2
5H-5, 100-102 42,70 c 1595.9 19H-2, 90-92 168.60 c 1557.3
SH-6, 100-102 44.20 c 1587.1 23X-2, 100-102  206.70 c 1579.9
6H-3, 40-42 48.60 C 1612.7 23X-4, 100-102  209.70 C 1570.2
6H-4, 100-102 50.70 (& 1571.8 24X-2, 100-102 21620 c 1577.5
6H-6, 100-102 53.70 c 1588.6 24X-4, 100-102  219.20 C 1547.9
TH-1, 110-112 55.80 c 1584.0 24X-6, 100-102 22220 C 1607.9
7H-2, 100-102 57.20 C 1579.8 25X-2, 100-102  225.70 c 1558.8
TH-3, 102-104 58,72 c 1588.8 25X-4, 50-52 228.20 c 1569.4
7H-4, 100-102 60.20 c 1575.4 25X-6, 100-102  231.70 C 1552.5
8H-3, 50-52 67.70 c 1590.1 26X-2, 100-102 23520 c 1563.7
8H-3, 100-102 68.20 c 1583.4 26X-4, 100-102  238.20 el 1549.8
8H-5, 40-42 70.60 c 1571.1 27X-2, 100-102  244.70 c 1552.1
9H-2, 100-102 76.20 c 1573.1 27X-4, 100-102  247.70 o 1560.5
9H-4, 100-102 79.20 c 1553.0 27X-6, 100-102  250.70 C 1611.6
9H-6, 100-102 82.20 C 1577.3 28X-2, 110-112  254.30 c 1541.2
10H-2, 98-100 85.68 c 1611.2 28X-4, 100-102  257.20 6] 1577.1
10H-4, 106-108 88.76 c 1582.6 28X-6, 110-112  260.30 C 1567.1
10H-6, 100-102 91.70 c 1588.8 29X-2, 90-92 263.60 c 1585.9
11H-1, 100-102 93.70 (&) 1566.7 29X-4, 90-92 266,60 c 1587.4
11H-4, 110-112 98.30 c 1584.7 29X-6, 90-92 269.60 c 1625.3
11H-6, 30-32 100.50 c 1585.3 30X-7, 100-102  278.70 C 1563.7
12H-2, 60-62 104.30 c 1582.7 31X-2, 100-102 282,70 "o 1600.5
12H-4, 60-62 107.30 C 1628.3 31X-4, 100-102  285.70 (o] 1633.2
12H-6, 60-62 110.30 c 1603.4 31X-6, 100-102 288,70 c 1625.0
13H-1, 100-102 112.70 2 1572.7 32X-2, 100-102 292.20 [ 1582.9
13H-2, 38-40 113.58 c 1574.4 32X-4, 100-102  295.20 c 1592.0
13H-3, 100-102  115.70 c 1703.0 32X-6, 100-102  298.20 c 1633.2
13H-4, 100-102 118,70 c 1613.8 33X-2, 100-102  301.70 C 1578.9
14H-1, 100-102 122,20 c 1557.5 33X-4, 100-102  304.70 C 1582.8
14H-2, 38-40 123.08 c 1576.7 33X-6, 100-102  307.70 [ 1607.1
14H-2, 100-102 123,70 C 1567.6 34X-2, 100-102  311.20 c 1606.0
14H-4, 100-102  126.70 C 1563.6 34X-4, 100-102  314.20 c 1602.9
15H-2, 100-102  133.20 c 1547.2 34X-6, 100-102  317.20 c 1608.0
15H-4, 100-102  136.20 c 1526.0 35X-2, 100-102  320.70 C 1565.2
16H-2, 100-102 142,70 c 1556.1 35X-4, 100-102  323.70 C 1567.6
16H-4, 100-102  145.70 c 1588.5 36X-2, 100-102  330.20 C 1615.1
17X-2, 100-102  152.20 C 1620.3 37X-2, 100-102  339.70 ¢ 1579.4
17X-6, 100-102  158.20 c 1635.4 39X-2, 100-102  358.70 c 1593.3
18X-2, 100-102 161,70 C 1565.4 39X-4, 100-102  361.70 c 1605.5
18X-5, 100-102  166.20 ¢ 1508.0 40X-2, 100-102  368.20 c 1599.7
19X-3, 100-102  172.70 C 1607.5 40X-4, 100-102  371.20 c 1610.3
19X-5, 100-102  175.70 c 1575.9 40X-6, 100-102  374.20 c 1612.1
20X-2, 100-102  180.70 c 1593.8 41X-2, 100-102  377.70 Fos 1598.5
20X-4, 100-102 18370 (o) 1616.9 41X-4, 100-102  380.70 C 1582.8
20X-6, 100-102 186,70 C 2058.5 41X-6, 100-102  383.70 c 1619.0
21X-2, 100-102  190.20 c 1671.8 42X-2, 100-102  387.20 c 1597.0
21X-4, 69-71 192.89 c 1521.8 42X-4, 100-102  390.20 c 1616.2
22X-2, 100-102  199.70 C 1566.4 42X-6, 100-102  392.77 c 1631.8
22X-4, 100-102 20270 C 1581.3 43X-1, 100-102 39520 c 1510.1
23X-2, 100-102  209.20 c 1610.2 43X-1, 100-102  398.70 c 1646.5
23X-4, 100-102  212.20 G 1581.3 43X-7, 50-52 401.80 C 1613.2
24X-2, 80-82 218.50 c 1570.3 44X-1, 100-102 404,70 [ 1610.4
24X-4, 80-82 221.50 c 1552.6 45X-1, 100-102  414.20 c 1603.5
25X-2, 130-132  229.50 c 1583.2 46X-2, 100-102  425.20 G 1607.7
25X-4, 90-92 231.10 c 1573.6 46X-4, 94-96 428.14 A 1944.0
25X-6, 50-52 233.70 c 1578.3 46X-4, 94-96 428.14 B 1945.9
46X-4, 94-96 428.14 o 1993.7
Hole 704B: 47X-2, 90-92 434.60 C 1549.2
47X-4, 90-92 437.60 C 1559.7
1H-4, 100-102 5.50 C 1562.6 47X-6, 90-92 440.60 C 1633.9
2H-5, 100-102 13.70 C 1574.3 48X-1, 100-102 442.70 C 1590.0
3H-4, 110-112 21.80 c 1591.8 48X-3, 100-102  445.70 C 1671.2
4H-4, 110-112 31.30 C 1592.5 49X-1, 100-102 452.20 c 1666.3
SH-6, 110-112 43.80 c 1554.5 49X-3, B4-86 455.04 c 1702.7
6H-4, 110-112 50.30 C 1586.1 49X-4, 135-137  457.05 (= 1700.5
7H-3, 110-112 58.30 c 1543.5 5I1X-1, 110-112  463.80 o] 1577.4
8H-3, 110-112 67.46 c 1542.5 52X-2, 110-112  474.80 c 1612.7
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Table 10 (continued).

Sample Depth Velocity
(cm) (mbsf)  Direction (m/s)
Hole 704B (cont):

52X-4, 110-112 477.80 C 1685.4
53X-2, 120-122 484.40 f & 1742.3
53X-2, 140-142 486.10 (5 1708.0
54X-2, 140-142 494.10 L 1759.6
54X-4, B0-82 496.50 2 1726.6
55X-4, 60-62 505.80 C 1721.3
55X-5, 66-68 507.36 C 1894.1
55X-5, B0-82 507.50 [ & 1816.2
56X-2, 26-28 511.96 C 1840.5
56X-2, 142-144 513.12 C 1837.6
56X-3, 57-59 513.77 C 1866.2
56X-4, 60-62 515.30 C 2078.1
56X-4, 61-63 515.31 C 2156.9
57X-2, 90-92 522.10 C 1757.6
58X-2, 78-80 531.48 c 1896.7
58X-3, 102-104 531.22 C 1989.4
58X-5, 54-56 535.74 C 1925.7
58-6, 42-44 537.12 € 1928.6
59X-1, 103-105 539.73 G 1973.4
59X-1, 123-125 539.93 C 1853.4
59X-3, 125-127 542.95 C 1973.4
60X-3, 40-42 551.60 C 1947.4
60X-4, 48-50 553.18 c 2014.7
60X-6, 10-12 555.80 C 1897.4
61X-2, 78-80 559.98 o 2002.9
62X-2, 122-124 569.92 G 2000.0
62X-3, 116-118 571.36 {5 1922.1
62X-4, 109-111 572.79 C 1892.3
62X-5, 135-137 574.55 C 2013.5
63X-1, 130-132 578.00 C 2123.7
63X-2, 115-117 579.35 C 1996.2
63X-3, 136-138 581.06 C 2097.6
63X-4, 63-65 581.83 C 2037.8
64X-1, 1-3 586.21 A 1921.1
64X-1, 1-3 586.21 B 1961.6
64X-1, 1-3 586.21 C 2017.7
64X-1, 110-112 587.30 C 1699.4
64X-3, 74-76 589.94 A 1972.1
64X-3, 74-76 589.94 B 1944.6
64X-3, 74-76 589.94 C 1892.9
64X, CC (31-33) 5%90.79 A 1891.5
64X, CC (31-33) 590.79 B 1996.4
65X, 137-139 597.07 A 1948.6
65X-1, 137-139 597.07 C 2005.8
65X-2, 134-136 598.54 (= 1870.9
65X-3, 90-92 599,60 A 1882.9
65X-3, 90-92 599.60 B 1985.8
65X-3, 90-92 599.60 C 1939.5
66X-1, 5-7 605.25 A 1930.3
66X-1, 5-7 605.25 C 2068.6
66X, CC (12-14)  605.91 C 22209
67X-1, 108-110 615.78 C 1677.0
68X-1, 126-128 625.46 B 2093.0
68X-1, 126-128 625.46 C 2131.5
69X-1, 60-62 634,30 C 1655.0
T0X-1, 4-6 643.24 B 1971.0
70X-1, 4-6 643.24 C 2020.2
71X-1, 105-107 653.75 C 1830.0
71X-2, 98-100 655.18 A 21343
71X-2, 98-100 655.18 B 2276.1
71X-2, 98-100 655.18 C 2269.2
72X-1, 102-104 663.22 c 1741.4
72X-2, 92-94 664.62 C 1725.6
72X-3, 112-114 666.32 C 4071.4

discussed by Mayer (1979) and Mayer et al. (1986). The reflec-
tion pattern is determined by the relationship between the strati-
graphic thickness of individual changes in the carbonate con-
tent in relation to the seismic acquisition and processing param-
eters. The lower coherency of reflections in the upper 175 m at
Site 704 is surprising, but may be due in part to thickness varia-
tions centered around values that essentially lead to cancellation
of reflections generated by neighboring carbonate cycles. A
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semichaotic depositional pattern is another possibility, which is
partly supported by the seismic-reflection record. We note, how-
ever, that the upper sediments have been laid down in an envi-
ronment where the topographic slope has been minimal through-
out the site’s depositional history. The present dip of the strata
at the bottom of the hole is about 1.5°. The stratigraphic level
at 175 mbsf corresponds to the top of the Gauss Chron (see
“Paleomagnetics” section) and may be associated with a major
advance of the polar front at 2.6-2.47 Ma, as documented by
Ciesielski and Grinstead (1986). The base of the highly reflec-
tive sediments at 360 mbsf is about 30 m deeper than the corre-
sponding stratigraphic level of the first occurence of ice-rafted
material at Site 513, at about 8.6 Ma (Ciesielski and Weaver,
1983). Thus, the climatic variations represented by modulation
of the carbonate content of the sediments have generated a
characteristic acoustic image of these deposits.

Although they were separated longitudinally by 500 km or
less, there is an apparent difference in Paleogene carbonate sedi-
mentation between the Meteor Rise and the Islas Orcadas Rise.
The middle Eocene and older sediments on the Islas Orcadas
Rise are 0.5-0.8 s thick and were deposited under quiet condi-
tions with no sign of bottom current activity. Similarly, the
deeper section on the Meteor Rise shows little evidence of cur-
rent control, but extrapolation of the stratigraphy at Site 704 to
the section above flat basement suggests that Eocene and older
sediments may be only half as thick as those observed at Islas
Orcadas Rise. This may indicate that at least the investigated
part of Meteor Rise is a slightly younger feature or that the
early Paleogene paleoceanographic regime separated the two
rises into areas of different productivity. The second alternative
seems less probably, considering the similarity of Eocene and
Oligocene microfossil assemblages on both rises.

LOGGING

Downhole logging at Site 704 had three major objectives: (1)
to obtain a continuous record of geophysical and geochemical
data to tie in with the lithostratigraphy and to interpret sections
with poor core recovery, (2) to obtain in-sifu geophysical param-
eters (compressional-wave velocity, density, porosity, and electri-
cal conductivity; Serra, 1984, 1987) to use in interpreting seis-
mic-reflection data and to compare with laboratory physical-
property measurements, and (3) to delineate the cyclicity between
siliceous and calcareous oozes observed within the thick Mio-
cene-Quaternary sedimentary sequence recovered at this site.
Three logging runs were made, consisting of the following suite
of Schlumberger logging tools:

1. Seismic-stratigraphic combination: borehole compensated
sonic (BHC), natural gamma ray (GR), dual induction resistiv-
ity (SFLU, ILM, and ILD), and caliper (CALI).

2. Lithoporosity combination: lithodensity (LDT), neutron
porosity (CNL), and natural gamma-ray spectrometry (NGT).

3. Geochemical combination: induced gamma-ray spectrome-
try (GST), aluminum clay tool (ACT), and natural gamma-ray
spectrometry (NGT).

Thirty-six hr of logging time and 12 hr of rig-up and rig-
down time were scheduled at this site, with all logs to be run
open hole. Approximately 150 m of drill pipe and BHA was left
in the top section of the hole. The geochemical combination
string was run through pipe because of deteriorating hole condi-
tions by the time this last logging run was started. Details of
logging operations are discussed in the following.

Logging Operations

The condition of Hole 704B was good at the start of logging
operations, and there was no need to use the side entry sub.
Logging-related operations began at 0400 hr local time on 1



Table 11. Thermal conductivity, Site 704.

Thermal
Sample Depth  conductivity
(em) (mbsf) (W/m/K)
Hole 704A:
1H-5, 65 6.65 1.4440
1H-5, 80 6.80 1.4590
2H-2, 100 9.70 0.8060
2H-4, 100 12.70 1.0230
3H-2, 100 19.20 0.8620
3H-4, 100 22.20 0.8550
5H-2, 100 38.20 1.4830
5H-4, 100 41.20 1.2090
6H-3, 100 49.20 0.9380
6H-5, 100 52.20 0.7480
7H-2, 100 57.20 1.0270
7H-4, 100 60.20 0.9210
8H-2, 100 66.70 0.8960
8H-4, 100 69.70 0.8170
9H-2, 100 76.20 0.8580
9H-5, 100 80.70 0.7930
10H-2, 100 85.70 0.9260
10H-4, 100 88.70 0.9390
11H-2, 90 95.10 0.8600
11H-4, 100 98.20 0.9050
12H-2, 100 104,70 1.1420
12H-4, 100 107.70 1.1630
12H-6, 100 110.70 1.2420
13H-1, 100 112.70 0.8570
13H-3, 100 115.70 1.2450
13H-5, 100 118.70 1.0150
14H-2, 100 123.70 1.0680
14H-4, 100 126.70 0.9280
14H-5, 100 128.20 1.3610
15H-4, 100 136.20 0.9640
15H-6, 100 139.20 0.9040
16H-2, 100 142,70 0.8430
16H-4, 100 145.70 1.2100
17X-2, 100 152.50 1.3660
17X-4, 100 155.20 1.0990
18X-2, 100 161.70 0.9770
18X-4, 100 164.70 1.0780
19X-2, 100 171.20 1.0910
19X-4, 100 174.20 1.4380
20X-2, 100 180.70 1.1770
20X-4, 100 183.70 0.8380
21X-1, 100 188.70 1.4540
21X-3, 100 191.70 1.3130
22X-2, 100 199.70 1.0590
22X-5, 100 204.20 1.3190
23X-2, 100 209.20 1.4490
23X-4, 100 212.20 1.4060
25X-2, 100 228.20 1.1450
25X-5, 100 232.70 1.1220
Hole 704B:

1H-2, 100 2.50 0.7130
1H-4, 100 5.50 0.8830
2H-3, 100 10.70 0.6740
2H-5, 100 13.70 0.8940
3H-3, 100 20.20 0.9890
3H-5, 100 23.20 0.9800
4H-3, 100 29.70 0.9270
4H-5, 100 32.70 1.0460
5H-3, 100 39.20 0.8320
5H-5, 100 42.20 1.0240
6H-3, 100 48.70 0.8250
6H-5, 100 51.70 0.8220
7H-3, 100 58.20 0.4590
7H-5, 100 61.20 0.9690
8H-3, 100 67.36 0.9060
9H-3, 100 77.20 1.0190
9H-5, 100 80.20 0.9670
23X-2, 100 206.70 1.5500
23X-5, 100 211.20 1.3230
24X-2, 100 216.20 1.2020
24X-5, 100 220.70 1.4030
25X-2, 100 225.70 1.1700
25X-5, 100 230.20 0.9950

SITE 704

Table 11 (continued).

Thermal
Sample Depth  conductivity
(cm) (mbsf)  (W/m/K)
Hole 704B (cont.):

26X-2, 100 235.20 1.2240
26X-4, 100 238.20 1.0900
27X-2, 100 244.70 1.2680
27X-5, 100 249.20 1.4440
28X-2, 100 254.20 1.4170
28X-5, 100 258.70 1.5410
29X-2, 100 263.70 1.5110
29X-5, 100 268.20 1.4120
31X-2, 100 282.70 1.6050
31X-5, 100 287.20 1.4780
32X-2, 100 292.20 1.6790
32X-5, 100 296.70 1.2980
33X-2, 100 301.70 1.6340
33X-5, 100 306.20 1.4950
34X-2, 100 311.20 1.7600
34X-5, 100 315.70 1.4270
35X-2, 100 320.70 1.3080
35X-5, 100 325.20 1.5620
36X-2, 100 330.20 1.4880
36X-3, 70 331.40 1.5000
37X-2, 100 339.70 1.4040
37X-5, 100 344.20 1.5320
39X-2, 100 358.70 1.4960
39X-5, 100 363.20 1.4930
40X-2, 100 368.20 1.4680
40X-5, 100 372.70 1.4050
41X-2, 100 377.70 1.3430
41X-5, 100 382.20 1.4970
42X-2, 100 387.20 1.4550
42X-4, 100 390.20 1.5790
43X-1, 100 395.20 1.5200
44X-1, 100 404.70 1.3870
45X-1, 100 414.20 1.7980
46X-2, 100 425.20 1.6220
46X-5, 100 429.70 1.6520
47X-2, 100 434.70 1.2360
47X-5, 100 439.20 1.5510
48X-1, 100 442,70 1.5360
48X-3, 100 445.70 1.6210
49X-2, 100 453,70 1.4090
49X-5, 100 458.20 1.7590
51X-1, 100 463.70 1.6550
52X-2, 100 474,70 1.2800
52X-4, 100 477.70 1.5400
53X-2, 100 484.20 1.6790
54X-2, 100 493,70 1.1080
54X-5, 100 498.20 1.5520
55X-2, 100 503.20 1.7420
55X-5, 100 507.70 1.7900
56X-2, 100 512,70 1.5140
56X-4, 100 515.70 1.3930
57X-2, 100 522.20 1.4780
58X-2, 100 531.70 1.4550
58X-5, 100 536.20 1.5190
59X-2, 100 541.20 1.4180
59X-4, 100 544.20 1.5170
60X-2, 100 550.70 1.6790
60X-5, 100 555.20 1.4260
61X-1, 100 558.70 1.4360
62X-2, 100 569.70 1.7190
62X-5, 100 574.20 1.8390
63X-2, 100 579.20 1.6350
63X-5, 100 583.70 1.3270
64X-2, 100 588.70 1.5580

May 1987 and concluded at 2100 hr on 2 May. The problems
that we experienced with the heave motion compensator were
possibly due to loss of pressure in the accumulator, and all of
the logging runs were made without the compensator. The seas
were quite rough, with heave averaging more than 3 m. Heave
diminished throughout the logging operations and was greatly
reduced during the third run (geochemical combination). Even
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Table 12. Shear strength, Site 704.

Shear

Sample Depth strength

(cm) (mbsf) (kPa)

Hole 704A:
1H-2, 100-102 2.50 11.6
1H-5, 50-52 6.50 93
2H-1, 100-102 8.20 11.6
2H-2, 100-102 9.70 9.3
2H-3, 100-102 11.20 9.3
2H-4, 100-102 12.70 7.0
2H-6, 100-102 15.70 9.3
3H-2, 100-102 19.20 9.3
4H-3, 100-102 30.20 11.6
5H-3, 100-102 39.70 4.7
5H-6, 100-102 44.20 7.0
6H-4, 100-102 50.70 4.7
6H-6, 100-102 53.70 5.8
7H-1, 110-112 55.80 8.1
7H-3, 102-104 58.72 18.6
TH-4, 100-102 60.20 27.9
8H-3, 50-52 67.70 11.6
8H-5, 40-42 70.60 16.3
9H-2, 100-102 76.20 11.6
9H-4, 100-102 79.20 11.2
9H-6, 100-102 82.20 22.1
10H-2, 98-100 B5.68 14.0
10H-4, 106-108 88.76 19.8
10H-6, 100-102 91.70 35
11H-1, 100-102 93.70 5.8
11H-4, 110-112 98.3 30.3
11H-6, 30-32 100.50 17.5
12H-2, 60-62 104.30 17.5
12H-4, 60-62 107.30 18.6
12H-6, 60-62 110.30 326
13H-1, 100-102 112.70 14.0
13H-2, 100-102 114.20 18.6
13H-2, 38-40 113.58 16.3
13H-3, 100-102 115.70 14.0
13H-5, 100-102 118.70 11.6
14H-1, 100-102 122.20 41.9
14H-2, 30-32 123.00 60.5
14H-2, 100-102 123.70 32.6
14H-4, 100-102 126.70 93.1
15H-2, 100-102 133.20 46.5
15H-5, 100-102 137.70 51.2
16H-2, 100-102 142.70 326
16H-4, 100-102 145.70 44.2
17X-2, 100-102 152.20 18.6
17X-6, 100-102 158.20 51.2
18X-2, 100-102 161.70 233
18X-5, 100-102 166.20 18.6
19X-3, 95-97 172.65 41.9
19X-4, 110-112 174.30 279
19X-5, 100-102 175.70 135.0
20X-2, 100-102 180.70 30.3
20X-4, 100-102 183.70 20.9
20X-6, 100-102 186.70 36.1
21X-2, 100-102 190.20 44.2
21X-4, 69-71 192.89 100.1
22X-2, 100-102 199.70 233
22X-4, 100-102 202.70 46.5
23X-2, 100-102 209.20 75.6
23X-4, 100-102 212.20 96.6
24X-2, 80-82 218.50 55.9
24X-4, 80-82 221.50 95.4
25X-2, 130-132 228.50 104.7
25X-4, 90-92 231.10 107.0
Hole 704B:

24X-2, 100-102 216.20 20.9
24X-4, 100-102 219.20 58.2
25X-2, 100-102 225.70 83.8
25X-4, 50-52 228.20 176.9
25X-6, 100-102 231.70 72.1
26X-2, 100-102 235.20 111.7
26X-4, 100-102 238.20 118.7
27X-2, 100-102 244,70 58.2
27X-4, 100-102 247.70 69.8
27X-6, 100-102 250.70 93.1

Table 12 (continued).

Shear
Sample Depth  strength
(cm) (mbsf) (kPa)

Hole 704B (cont.):
28X-2, 110-112 254.30 104.7

28X-4, 100-102 257.20 69.8
28X-6, 110-112 260.30 59.3
29X-2, 90-92 263.60 11.6
29X-4, 90-92 266.60 69.8
29X-6, 90-92 269.60 93.1
30X-1, 100-102 271.70 64.0
30X-4, 100-102 276.20 72.1
30X-7, 100-102 278.70 83.8
31X-2, 100-102 282.70 86.1
31X-4, 100-102 285,70 55.9
31X-6, 100-102 288.70 90.8
32X-2, 100-102 292.20 83.8
32X-4, 100-102 295.20 55.9
32X-6, 100-102 298.20 74.5
33X-2, 100-102 301.70 51.2
33X-4, 100-102 304.70 349
33X-6, 100-102 307.70 111.7
34X-2, 100-102 311.20 41.9
34X-4, 100-102 314.20 233
34X-6, 100-102 317.20 79.1
35X-2, 100-102 320.70 86.1
35X-4, 100-102 323.70 193.2
36X-2, 100-102 330.20 72.1
37X-2, 100-102 339.70 41.9
39X-2, 100-102 358.70 74.5
39X-4, 100-102 361.70 58.2
40X-2, 100-102 368.20 54.7
40X-4, 100-102 371.20 102.4
40X-6, 100-102 374.20 126.8
41X-2, 100-102 377.70 62.8
41X-4, 100-102 380.70 48.9
41X-6, 100-102 383.70 64.0
42X-2, 100-102 387.20 41.9
42X-4, 100-102 390.20 45.4
42X-6, 100-102 392.77 64.0
43X-4, 100-102 398.70 130.3
43X-7, 50-52 401.80 81.4
44X-1, 100-102 404,70 65.2
45X-1, 100-102 414.20 48.9
46X-2, 100-102 425.20 27.9
47X-2, 90-92 434.60 65.2
47X-4, 90-92 437.60 95.4
47X-6, 90-92 440.60 48.9
48X-1, 100-102 442.70 43.1
48X-3, 100-102 445.70 283.9
49X-1, 100-102 452,20 59.3
51X-1, 100-102 463.70 46.5

with a working heave motion compensator, the heave experi-
enced during the logging runs would have exceeded the opera-
tional limits of the compensator. The first run was the seismic-
stratigraphic combination, BHC/GR/DIL/CALI, which was
run up through open hole from 660 to 124 mbsf and through
pipe and BHA to the mud line, The second run, with the litho-
porosity combination (LDT/CNL/NGT/GPIT—data for the in-
clinometry (GPIT) tool are not presented here), began at 1400 hr
and ended at 2030 hr on 1 May. This run was also conducted
through open hole from 660 to 150 mbsf and through pipe and
BHA from 150 mbsf to the mud line. A knot formed during this
logging run forced us to cut approximately 520 m of cable and
rehead the cable. All quality control parameters indicated the
acquisition of good data; however, it appears that the bottom
sections of the logs are suspect, possibly as a result of the cable
coiling up to form a knot. The geochemical combination (GST/
ACT/NGT) was started as soon as the cable was reheaded. A
bridge was encountered just upon entering the open hole, and
we decided to bring the drill string down and circulate, to be fol-
lowed by logging through pipe, in consideration of the potential
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of the hole plugging during the logging operations. The GST/
ACT/NGT was run uphole through pipe from 640 mbsf to the
mud line. This logging run started at 1100 hr and ended at 2100
hr on 2 May. Good data were obtained for a number of elemen-
tal yields, with a varying degree of effects from the thick drill
pipe. The signals were significantly attenuated by the pipe, espe-
cially within the BHA, which is more than 5 ¢m thick.

All measurements were acquired at a sample depth interval
of approximately 15 cm (0.5 ft) while logging up the hole at 10
m/min (1800 ft/hr) for the first run (BHC/DIL/GR/CALI), 5
m/min (900 ft/hr) for the second run (lithodensity), and 1.5 m/
min (300 ft/hr) for the geochemical tool string. There were no
repeat runs because of the time constraints. Had logging opera-
tions gone smoothly, we would have conducted a repeat run
with the geochemical combination tool. Good quality data were
acquired, however. The data were acquired in Schlumberger tape
format and had to be edited, with the tapes copied from 800 to
1600 BPI for display and analysis with the processing facilities
of the borehole logging group.
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Logging Measurements

Brief descriptions of two of the tool strings and the logging
parameters that they measure can be found in the “Explanatory
Notes” chapter. The following is a brief description of the litho-
density and compensated neutron tools. For a detailed discus-
sion, reference should be made to the “Explanatory Notes” and
Schlumberger (1972, 1974) documentation.

The lithodensity tool (LDT; also known as the gamma-gamma
tool) consists of a source of gamma rays (cesium) and two de-
tectors (near and far). As the gamma rays or photons collide
with atoms in the formation, they gradually lose their incident
energy and undergo the following three interactions (in order of
decreasing energy required): pair production, Compton scatter-
ing, and photoelectric effect. In the latter, the gamma ray col-
lides with an inner layer electron (usually from the K layer) and
is absorbed. The absorption of gamma rays is an exponential
function of the electron density. Additionally, the photoelectric
cross section is defined as the probability of a photoelectric in-
teraction and is a function of both the atomic number and the
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energy of the incident gamma ray. The Pe (which is not dis-
cussed here) is proportional to the “average cross section per
electron.” Having obtained an estimate of the electron density
of a formation, we can deduce its bulk density (from the rela-
tionship between electron density and bulk density). The depth
of investigation is usually less than 10 cm,

The neutron tools (CNL) measure the apparent hydrogen in-
dex of a formation. Neutrons of different energies are emitted
from a chemical source, interact with formation atoms, slow
down, and undergo “capture.” Similar to the LDT, this tool has
near and far detectors. The counts are measured in API units
and can be directly related to the hydrogen index of the forma-
tion. Assuming water saturation, we can then extract the forma-
tion porosity. The depth of investigation of the tool is less than
approximately 30 cm.

Discussion of Results

The data presented in Figures 27 and 28 are from the seismic-
stratigraphic combination tool, from the lithodensity-neutron
porosity tool in Figure 29, and from the geochemical tool com-
bination in Figure 30. All of the logs in the preceding discussion
are referenced to zero depth at the seafloor. This depth was de-

termined from the drilling information and should coincide
with the core depths. The good core recovery at this site made it
easy to tie in the downhole logging measurements with some
prominent changes in lithology. The downhole measurements
were tied into the drill core depths by logging up to the mud
line, with the gamma-ray logs used to correct for depth offsets
between runs. The water depth at Site 704 was 2532.3 m, and
the hole was drilled to 671.8 mbsf.

Because of the failure of the heave motion compensator, the
caliper and tension logs play an important role in monitoring
the quality of the data. The caliper log looks very noisy because
of the heave, but it generally indicates fairly stable hole condi-
tions. The hole diameter varied from 10 to 14 in. There are no
indications of washouts or bridges (open-hole logging in run 2;
Fig. 29). Large variations in the tension log (run 2 with the
lithodensity tool string) indicate locations where problems oc-
curred. The tension drop between 262 to 268 mbsf was due to
the lifting of drill pipe with the knotted cable. From the tension
log, data acquired below 460 mbsf (Fig. 29) are suspect, because
they appear to be too low. All logs show fairly constant re-
sponses, and during the logging run, this was interpreted as in-
dicating homogeneous lithology. However, a comparison of the
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west of Hole 704.

gamma-ray data obtained with the seismic-stratigraphic combi-
nation tool (Figs. 27 and 28) indicates the discrepancy for this
depth interval. This would imply that the logging cable had
been damaged somewhat by knotting and pulling. The gamma-
ray log is made on each logging run mainly for stratigraphic
control and for depth offset corrections between different runs.

Most of the lithologic interpretations are based on the geo-
chemical parameters. The natural gamma-ray logs also provide
useful lithologic information in spite of the low radioactivity
encountered in this hole. Because of the low radioactivity, and
hence poor counting statistics (low signal to ratio), the spec-
trometry data (K, U, and Th logs) are quite unreliable, and we
have deliberately ignored them, presenting only the total count
gamma-ray log. The gamma-ray log shows changes in radioac-
tivity that may be related to changes in clay content.

In-Situ Physical Properties

It is difficult to duplicate in-situ conditions when measuring
physical properties in the laboratory, and logging data provide a
more realistic way of determining the physical properties of
earth materials. Logging also provides data for the missing gaps
in the laboratory physical-property measurements that result
from problems in core recovery (disturbed recovered core or
missing core). The in-situ physical properties measured with the
tool strings run in Hole 704B include electrical conductivity,
compressional-wave velocities, density, and porosity. Conduc-
tivity variations within carbonate sediments are mainly a func-
tion of porosity and clay content, assuming a constant salinity
of the pore fluids throughout the formation intersected by the
borehole. Because conductivities mainly reflect change in po-
rosities, apparent porosities can be determined from the resistiv-
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ity logs using Archie’s (1942) law. The porosities are only ap-
proximate, because variations in borehole diameter and clay
content affect the apparent resistivities. The natural gamma-ray
log indicates the presence of clay minerals (higher radioactivity)
and may be used to isolate anomalous derived porosities. Poros-
ities are also derived from density and interval traveltime data
(using the Wyllie et al.’s (1956) time-average equation). The po-
rosity derived from density data assumed a grain density of 2.71
g/cm? for the sediments. The neutron tool directly measures the
porosity of the formation. All of the measured and derived po-
rosities should correlate fairly well, and discrepancies may be
used to interpret lithology. Differences in porosities derived
from resistivity and density data, for instance, may indicate oc-
currences of mineral constituents with grain densities different
from the assumed value of 2.71 g/cm? and may also indicate the
presence of interstitial-water salinity anomalies. The data pre-
sented are not corrected for borehole and other effects; there-
fore, the physical properties are only apparent, not true, values.

Figure 28 shows the interval velocity estimates computed
from the interval traveltimes of the sonic log (Fig. 27). Interval
velocities above 280 mbsf are less than 1900 m/s. A low velocity
zone (~ 1500 m/s) occurs between 215 and 245 mbsf. This zone
correlates with low resistivity, high radioactivity, low calcium,
and low density zones and is interpreted as a clay-bearing ooze.
This interpretation is supported by the visual core descriptions.
From approximately 280 to 350 mbsf, the velocities are fairly
constant, with an average of about 1900 m/s. A steady increase
in velocities from 1900 to 2500 m/s is observed between 350 and
520 mbsf. From 520 to 605 mbsf, the estimated velocities are ap-
proximately 2250 m/s and are fairly constant. Below this depth
there is a slight increase in velocities. The relationship of these
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Figure 27. Caliper (CAL), tension (TENS), gamma ray, three resistivities (SFLU, ILM, and ILD), interval traveltimes, and
porosity derived from the interval traveltimes recorded in Hole 704B.

velocity changes to lithology is not clear below 350 mbsf. This
data correlates poorly with the lithostratigraphy. There is, how-
ever, a fairly good correlation between the velocity and resistiv-
ity logs. The general trend and amplitudes in the velocity log are
consistent with the physical-property data, except for the lower
depths (see “Physical Properties” section, this chapter).

The density and neutron logs below 460 mbsf are suspect for
reasons discussed in the preceding “Logging Operations.” The
densities of the carbonate sequence at this site are approxi-
mately 1.85 g/cm?. These density values correlate with the labo-
ratory wet-bulk densities with the exception, again, of the lower
depths. The porosity derived from the density data correlates
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poorly with the neutron porosities. The interpretation of these
discrepancies can not be established at the moment and awaits
critical examination of the quality of the data and further pro-
cessing. The porosity indicator ratio (PIR) from the geochemi-
cal tool is a relative measure, but it shows good correlation with
the laboratory measurements and the porosities derived from
the sonic data.

Cyclicity within the Quaternary Sedimentary Sequence

Figure 31 is an expanded section of the calcium log, lithol-
ogy indicator ratio (LIR), and PIR. There are distinct cycles in
the amount of calcium (carbonate) that correlate with the dark
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and light cycles in sediment color. The calcium minima corre-
spond to darker parts of the color cycles, and most maxima cor-
respond to higher carbonate content. The prominent cycles are
on the order of 10 m. A detailed analysis of the logs is currently
being made. Spectral analysis is being applied in order to accu-
rately determine the cyclicity in these sediments, which may
show good correlation with Milankovitch cycles.

Correlation of Logging Data with Lithostratigraphy,
Biostratigraphy, and Physical-Properties Measurements

Summaries of the lithology and biostratigraphy of Hole 704B
are given in Table 2 and in the “Lithostratigraphy” and “Bio-
stratigraphy” sections. The log-derived stratigraphic divisions
are based mainly on the elemental calcium log, LIR, and PIR
(Fig. 30). There are three major intervals based on the LIR and

W

|
i

Gamma ray

!

i

1]
'1

J

SITE 704

Resistivity Porosity
(ohm-m)

18 0.5

Velocity
(km/s)

3 0.35 0.50

J

1.3

RN, P
it W\“\I AL Ay

T Mo sy e

PIR: from 0 to 102, from 102 to 245, and from 245 mbsf to the
bottom of the hole.

1. From 0 to 102 mbsf, the lithology ratio is high, indicating
high silica content, and is coupled with a high porosity ratio.
This interval corresponds to lithologic Subunit IA and consists
of siliceous-bearing to siliceous calcareous ooze and calcareous-
bearing to calcareous siliceous oozes of middle to early Pleisto-
cene age. This interval may be further subdivided into three seg-
ments: (a) low calcium yield and porosity from 0 to 17.0 mbsf,
(b) higher calcium and lower porosity from 17 to 45 mbsf, and
(c) low calcium and higher lithology and porosity ratios than
the overlying segment from 45 to 102 mbsf. The alternating high
and low calcium yields within these segments reflect the alterna-
tions of siliceous to calcareous oozes. These cycles are clearly
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indicated in the core data by a change in sediment color. The
more siliceous sections have a darker color and should corre-
spond to low calcium. The other nuclear data acquired through
the drill pipe and BHA were not interpreted aboard ship. Inter-
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pretability is questionable at this time, because of the acquisi-
tion conditions.

2. From 102 to 245 mbsf, the calcium log generally shows
higher values. The LIR and PIR are lower than from 0 to 102
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mbsf. This interval may be further subdivided from (a) 102 to
165 mbsf, (b) 165 to 215 mbsf, and (c) 215 to 245 mbsf. The cal-
cium values between the first two subdivisions do not vary
much, and the PIR shows a subtle but distinct change with
lower values from 165 to 215 mbsf. The segment from 102 to
165 mbsf is of late Pliocene age, and that from 165 to 215 mbsf
is of latest Miocene to late Pliocene age. These subdivisions cor-
relate with the lithostratigraphic subunits. The segment from
215 to 245 mbsf has distinct physical and chemical properties.
The gamma-ray count is high (Fig. 28), indicating the presence
of clay or ash layers. Low calcium values, density, and porosity,
a high silica/calcium ratio, and low resistivities are also ob-
served within this segment. The lithostratigraphy has two sub-
units from 102 to 245 mbsf. The log-defined interval from 102
to 165 mbsf roughly corresponds to Subunit IB, and the section
from 165 to 245 mbsf is included in Subunit IC. From the log-
ging data it appears that Subunit IB should be defined from 102
to 215 mbsf; the clay-bearing, siliceous-bearing to siliceous cal-
careous ooze should be established from 215 to 245 mbsf.

3. From 245 to 580 mbsf, the calcium elemental yields are
fairly constant, except for two zones around 275 and 320 mbsf
that have low calcium and high LIR and PIR values. This inter-
val is of late Miocene to early Miocene age and is subdivided
into three lithostratigraphic subunits. The lithostratigraphic sub-
divisions correspond to possible changes in the geochemistry of
the sediments. The in-situ physical properties do not correlate

well with these lithostratigraphic boundaries. Variations in the
sonic velocities and resistivities suggest that the interval from
245 to 580 mbsf may be further subdivided; however, there is
not much supporting evidence from other logging data at
present.

In summary, the lithostratigraphic units are closely related to
the boundaries derived from the calcium log within the upper
245 m of the sediment section. The laboratory-determined per-
cent carbonate content has an excellent correlation with the cal-
cium log. The sampling rate of the carbonate data is too coarse
to adequately resolve the finer scale variations in carbonate con-
tent; high-resolution information is obtained from logging mea-
surements.

A comparison between the physical properties measured on
the cores and those derived from the logs is illustrated in Figure
32. In general, velocity and density log readings are higher than
those measured on cores, and log porosities are lower than core
porosities.

Conclusions

The high-resolution, continuous downhole geophysical and
geochemical measurements enable better definition of the litho-
logic boundaries. Porosity data show a general decreasing trend
with depth, reflecting normal diagenetic changes along the sedi-
mentary column. Because of the high core recovery this site will
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of the Quaternary sediment sequence.

be particularly useful in tying the logs to the physical-property
measurements, biostratigraphy, and sedimentation cycles.

SUMMARY AND CONCLUSIONS

Summary

Site 704 is located on the southern part of the Meteor Rise
(46°52.758'S, 07°5.231'E), in a water depth of 2532.5 m (Figs.
3 and 4). The site is on a plain west of and deeper than (~ 1000
m) the rugged basement crest of the Meteor Rise. The Meteor
Rise and the Islas Orcadas Rise were formed by extensive vol-
canism during Paleocene-Eocene time at a propagating exten-
sion of the Mid-Atlantic Ridge. These rises formed a major
shallowing of the Mid-Atlantic Ridge segment that abutted the
Falkland-Agulhas Fracture Zone; together they constituted ma-
jor obstacles to deep and intermediate oceanic circulation, par-
ticularly during the Paleogene (Fig. 1). A major objective of
Leg 114 was to interpret the influence on oceanic circulation
and environment of the formation, subsidence, and separation
of the Islas Orcadas and Meteor rises. Site 702 on the Islas Or-
cadas Rise and Site 703 on the Meteor Rise were located where
younger sedimentary sequences were greatly attenuated in order
to obtain the Paleogene sedimentary history and basement of
these once conjugate aseismic ridges within drilling time con-
straints. The objectives of determining the age, nature, and sub-
sidence history of these aseismic ridges were successfully met at
Sites 702 and 703. For this reason, Site 704 was located on a re-
gion of the Meteor Rise where a maximum thickness of Neo-
gene and upper Paleogene sediment could be obtained in order
to provide a carbonate-bearing, high-resolution paleoceanographic-
paleoclimatic record of an interval not well represented at the
previous Leg 114 sites. A complete listing of other major objec-
tives at Site 704 is provided in the “Background and Objectives”
section of this chapter.

The acoustic stratigraphy in the vicinity of Site 704 is charac-
terized by an upper 0.4-s-thick (TWT) highly reflective unit

overlying a more weakly stratified section that may reach a local
thickness of 0.5-1.0 s (Fig. 4). In some places, strong basal re-
flections are present about 0.2 s above basement.

Site 704 consists of two holes, each drilled using the APC
and XCB systems. An upper Miocene to Quaternary sequence
was continuously cored in Hole 704A using the APC to a depth
of 149.7 mbsf (Cores 114-704A-1H to 114-704A-16H), from
which the XCB was employed to a total depth of 282.7 mbsf
(Cores 114-704A-17X to 114-704A-30X). Lower Oligocene to
Quaternary sediments were obtained from Hole 704B by em-
ploying the APC to a depth of 139.7 mbsf (Cores 114-704B-1H -
to 114-704B-15H) and continuing with the XCB to a total depth
of 671.7 mbsf (Cores 114-704B-16X to 114-704B-72X). Recov-
ery rates were good for both holes, 79.4% for Hole 704A and
74.8% for Hole 704B. For the interval of stratigraphic overlap
between both holes, recovery was greater than 99% for the com-
posite upper Miocene to Quaternary sequence above 282.7 mbsf.
Hole 704B was terminated at 671.7 mbsf to allow sufficient time
for three logging runs and a Navidrill test prior to the final tran-
sit of the leg to Mauritius.

The previous holes drilled during Leg 114 were extremely
successful in obtaining thick Paleogene pelagic sediment se-
quences that allow for a more complete interpretation of the
southern high-latitude paleoenvironment than previously possi-
ble. It was a fitting end to the drilling activities of the leg to also
obtain at Site 704 a high-resolution Neogene sequence that un-
doubtably contains the best pelagic Neogene paleoenvironmen-
tal record yet recovered from the antarctic or subantarctic re-
gions. This site contains the thickest Neogene high-latitude sedi-
mentary sequence (~ 520 m) with carbonate throughout, thus
offering a valuable record of planktonic and benthic isotopic
variations for this period. High-frequency fluctuations in much
of the section of carbonate content, biogenic silica, temperature
affinities of microfossils, physical properties, and logging pa-
rameters all are indicative of an extremely sensitive climatic re-
cord for this site.

681



789

¥oL dLIS

Velocity Porosity Density Ca content
1000 CVEL 3000/ 0 CPHI 1 0 CACO 1
1000  VEL 30000 SPHI 111 CRHO 3.1 FCA 0
L SRHO _ _ _ _ _ ¢ 3
i L —. :
:1 ol ﬁ*ii:‘;':‘:‘:' S e e oy T I 3
I = iy Pt i S SR s b = r
100—+——% - i i B -l |
=T 1T f ] T = O -
&= "3 ' '
200 3
b 'f‘{, an ol I
J { | ¥ 5
' it T |
300 : B s s St s i y y
— 1 T T T
| Ill | | I ,

Depth (mbsf)
Tt
W‘W-M ¥

400 HI] * T
1 i I,
l|xh ; '::"I I I M'l ’
Iy, I ll Wi —] L8
500 T 1L T l,"fFI ] -
1y ;”" 1, | L3 'II'
|l§:]1 — ol li‘l

I Nﬂ
|
600 I !I}|| t T ’ '%Il =1'.

Figure 32. Comparison between core-measured properties and in-situ log-derived physical properties at Hole 704B. CVEL = core velocity; VEL = compressional velocity from sonic log; CPHI =
core porosity; SPHI = sonic-derived porosity; CRHO = core bulk density; SRHO = density from lithodensity tool; CACO = core calcium carbonate content; FCA = lithologic index (Si/Ca +
Si) after filtering through a 9-point running-average filter.



Sedimentation rates for the Oligocene portion of Hole 704B
(32-34 Ma to 23.7 Ma) were about 8-10 m/m.y. Early Miocene
(23.7-16.5 Ma) sedimentation rates were also high (~20 m/
m.y.), but dropped to ~ 11 m/m.y. during the early middle Mio-
cene (~16.5-14.5 Ma). A hiatus of 5 to 6 m.y. separates early
middle Miocene sediments (14.5 Ma) from overlying early late
Miocene sediments (~9-10 Ma). After formation of this hiatus,
there was an extremely high sedimentation rate, as high as 100
m/m.y., during a brief span of the early late Miocene (~ 10-8.5
Ma). Sedimentation was again interrupted during the late Mio-
cene, forming a second hiatus with bracketing ages of ~ 8.5 and
6.5 Ma. With the resumption of sedimentation, there were no
further apparent interruptions in sedimentation throughout the
remainder of the late Miocene (~6.5-5.3 Ma), which had an av-
erage sedimentation rate of 45 m/m.y. The early to early late
Pliocene (5.3-2.8 Ma) sedimentation rate declined from that of
the late Miocene, but was still relatively high at 22 m/m.y. A
third, but brief, hiatus occurs in the late Pliocene between sedi-
ments with an age of ~2.9 or 2.8 Ma to 2.5 Ma. Above this
youngest hiatus, high sedimentation rates of ~82 m/m.y. were
recorded for the middle late Pliocene-late Quaternary (~2.5-
0.4 Ma). Finally, a precipitous drop in sedimentation rate (to
~9.0 m/m.y.) occurred by 400 k.y. ago, resulting in the deposi-
tion of only 3.5 m of sediment since that time.

Sedimentation was rapid throughout most of the Neogene,
except during the late Pleistocene. Sedimentation rates were 22
m/m.y. during the late Oligocene and early Miocene and 13 m/
m.y. during the middle Miocene. The late Miocene brought an
increase in sedimentation rates to 37 m/m.y., which dropped
again to a lower rate of ~20 m/m.y. during the latest Miocene
and early Pliocene. High sedimentation rates resumed during
the latest Pliocene to middle Pleistocene to a remarkable ~73
m/m.y., dropping during the late Pleistocene to ~58 m/m.y.
from 0.62 to 0.195 Ma and to 15 m/m.y. between 0.195 Ma and
the Present.

Site 704 is within a zone that experienced mixed biosiliceous
and calcareous productivity throughout the early Oligocene-
Quaternary, with very little influx of terrigenous sediment by
currents or ice rafting. As a consequence, the sedimentary se-
quence consists of varying amounts of two end-member compo-
nents: (1) calcareous oozes and chalks composed mainly of for-
aminifers and calcareous nannofossils and (2) siliceous oozes
composed mainly of diatoms with minor amounts of radiolari-
ans and silicoflagellates. Two lithostratigraphic units were de-
fined on the basis of compositional variations and color changes
(Table 2 and Figs. 6 and 7), percent calcium carbonate (Fig. 8),
and diagenetic maturity (Figs. 6 and 7), as summarized in Fig-
ure 33. A summary of these units and subunits follows, with
depths in mbsf as recorded in Hole 704B.

Unit I (0-451.2 mbsf) consists of late early Miocene to Qua-
ternary age oozes of varying siliceous and calcareous composi-
tion. The unit is subdivided into four subunits based on upon
the amount and frequency of change in the carbonate and biosi-
liceous end-members.

Subunit IA (0-101.7 mbsf) is characterized by abundant lith-
ologic alternations between lithologies ranging from diatom
ooze to calcareous-bearing diatom ooze, calcareous diatom ooze,
nannofossil ooze, diatom-bearing calcareous ooze, and diatom
calcareous ooze. Common lithologic variations in this latest Pli-
ocene to Pleistocene age subunit are reflected in numerous
sharp and transitional color changes and by large amplitude
fluctuations in percent carbonate content (Fig. 33).

Subunit IB (101.7-175.7 mbsf) is a dominantly calcareous
ooze with a significant biosiliceous component. It has a lighter
color, higher mean carbonate content, and a lower biogenic sil-
ica component than Subunit IA. Large amplitude fluctuations
in carbonate content also occur in this late Pliocene age sub-
unit.
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Subunit 1C (175.7-251.7 mbsf) is composed primarily of dia-
tom-bearing calcareous ooze of latest Miocene to late Pliocene
age. Color and carbonate variability are less than in the overly-
ing subunits, except in Cores 114-704A-24X and 114-704A-25X.
Subunit IC is further divided into two subunits. Subunit IC,
(175.7-219 mbsf) exhibits very little color variation and a high
carbonate content with little variability. Subunit IC, (219-251.7
mbsf) contains a greater color variation, a lower mean carbon-
ate content, and a greater biogenic silica component. Litholo-
gies in this subunit range from siliceous calcareous ooze to dia-
tom-bearing nannofossil ooze.

Subunit ID (251.7-451.2 mbsf) consists of a uniform, fea-
tureless nannofossil ooze with a minor biosiliceous component.
The mean carbonate content of this latest early Miocene to lat-
est Miocene age subunit is ~80%, with much less variation
than in the above subunits.

Unit 11 (451.2-671.7 mbsf) is an early Oligocene to late early
Miocene age micrite-bearing nannofossil chalk and micritic in-
durated chalk that is divided into two subunits on the basis of
increased diagenetic maturity with depth. Subunit IIA (451.2-
491.2 mbsf) is a late early Miocene age nannofossil chalk and
micrite-bearing nannofossil chalk with a carbonate content of
~90%. Increased micritization of the carbonate causes a no-
ticeable increase in induration of the lower Oligocene to lower
Miocene micritic nannofossil chalk, thereby defining the basal
Subunit I11B (491.2-671.7 mbsf).

The upper Paleogene-Neogene sequence of Site 704 is unique
among antarctic and subantarctic sites of this age by being

1. the most complete stratigraphic sequence;

2. the thickest pelagic sequence with little to no terrigenous
component;

3. the only site with a continuous presence of carbonate,
which offers an extended stable isotopic record of the plank-
tonic and benthic environment;

4. the only site with a continuous presence of all major cal-
careous and siliceous microfossil groups;

5. a Miocene through Pliocene magnetostratigraphic record.

This exceptional section will provide a a high-quality refer-
ence section for calibration of calcareous and siliceous micro-
fossil zonal schemes to one another and to the GPTS. In addi-
tion, the site is well situated with respect to the concurrent oc-
currence of middle- and high-latitude species, which may assist
in the calibration of the antarctic and subantarctic stratigraphic
framework to standard lower-latitude zonations.

Calcareous microfossils are abundant and well to moderately
well preserved throughout the Neogene. Although they remain
abundant in the Oligocene, all of the calcareous microfossils
have been altered by diagenesis with recrystallization and sec-
ondary overgrowths. Calcareous nannofossils generally exhibit
low diversity; planktonic foraminifer diversity is similarly low
for the Pliocene-Quaternary but increases in the Oligocene and
Miocene. Moderately diverse and well-preserved assemblages of
benthic foraminifers occur throughout the sequence.

Diatoms are abundant and well preserved throughout most
of the section, except for the lower Miocene, the lower middle
Miocene, and part of the upper Miocene. The more resistant ra-
diolarians are common to abundant and diverse in most sam-
ples. Silicoflagellates are also well preserved but occur more
sporadically. There is no evidence for the diagenesis of biogenic
silica, as seen at other Leg 114 sites.

Preliminary paleomagnetic results suggest a relatively com-
plete magnetic polarity record of the upper Miocene and Plio-
cene (Figs. 20 and 21). Other magnetic polarity zones are recog-
nized to a depth of 520 mbsf, but further shore-based paleo-
magnetic and biostratigraphic studies are needed for their
interpretation.
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Conclusions

Seismic and Tectonic Interpretation

Site 704 was drilled in a syncline in order to maximize the
thickness of the Neogene sediments. Although the syncline is
flanked to the east by seamounts extending up to 1000 m above
the plain, the thickness of individual seismic units appears re-
markably symmetric with respect to the syncline axis, indicating
that sediment transport by gravity flows into the syncline from
the east was of minor importance. This conclusion is supported
by the drilling results.

The direct relationship between carbonate content and wet-
bulk density determines the acoustic properties of the calcare-
ous sediments at Site 704, which gives particular reflection char-
acteristics dependent on the amplitude and frequency of the
fluctuations in carbonate content. Changes in P-wave velocity
are essentially linear, with few exceptions throughout the se-
quence. The upper sequence (0-175 mbsf), with the largest am-
plitude in carbonate variations (+30%), shows continuous re-
flections in the upper 100 m, but the discontinuous deeper re-
flections give a transparent appearance. This sequence was laid
down following a major advance of the polar front at 2.6-2.47
Ma (Ciesielski and Grinstead, 1986). The amplitude of varia-
tions in the carbonate content is lower (+ 15%) in the underly-
ing sequence (175-360 mbsf), which is characterized by high
and uniform reflectivity. The base of this sequence is only
slightly older than the stratigraphic level that corresponds to the
first occurrence of ice-rafted material at Site 513 (Ciesielski and
Weaver, 1983). Sediments below 360 mbsf show little contrast in
acoustic expression.

The Meteor Rise and Islas Orcadas Rise show an apparent
difference in the thickness of Paleogene carbonate sedimenta-
tion, with a thinner sequence on the Meteor Rise. This may in-
dicate that at least the investigated part of the Meteor Rise is a
slightly younger feature or that the early Paleogene paleoceano-
graphic regime separated the two rises into areas of different
productivity. Gentle folding of the sediments on Meteor Rise
may be due to differential compaction and tectonic movements,
rather than large scale sliding.

Paleoenvironmental History

Oligocene-Middle Miocene

Sediments at the base of Hole 704B are of late early Oligo-
cene age, not much older than base of Zone P21b and younger
than the base of P19 (< 34.0-30.0 Ma). The preservational state
of calcareous microfossils suggests deposition near the foramin-
ifer lysocline. This interval of poor preservation is similar to
that of the other Leg 114 sites and Deep Sea Drilling Project
(DSDP) Sites 511 and 513 (Leg 71), which also reveal evidence
of a “mid”-Oligocene rise in the lysocline and CCD. Deposi-
tion was above the lysocline the remainder of the Oligocene.

Interpretation of the relative surface water mass tempera-
tures during the Oligocene is difficult because of the poor pres-
ervation of the microfossils in the micritic nannofossil chalk.
Some discoasters were preserved and indicate relatively warm
surface waters. In comparison to most of the Neogene, stable
environmental conditions persisted throughout the Oligocene.,
This paleoenvironmental stability is supported by relatively con-
stant values of calcium carbonate percentages (Fig. 33). Sur-
face-water productivity was dominated by calcareous nannofos-
sils and, to a lesser degree, foraminifers; siliceous productivity
was relatively minor.

The logging results from the geochemical combination tool
reveal that calcium elemental yields from the Oligocene are
much more constant than for most of the Neogene (Fig. 30).
Nevertheless, Oligocene calcium elemental yields, measured at
15-cm intervals, exhibit consistent cyclicity. The cause of the cy-
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clicity can not be determined at the present time, nor did it have
any obvious influence on sedimentation or characteristics of
surface-water productivity.

Sedimentation continued uninterrupted across the Oligocene/
Miocene boundary, as it also did at Sites 699 and 703. Surface-
water temperatures were still relatively warm and conditions
were stable, as during the Oligocene. This similarity is reflected
in calcium carbonate values and calcium elemental yields re-
corded from the geochemical log (Figs. 35 and 37, *“Site 700”
chapter, this volume).

Sedimentation apparently was continous throughout the early
Miocene and early middle Miocene. Although biostratigraphic
data for the early Miocene is sparse and poorly constrained at
the present time, the sedimentation rate was about 20 m/m.y.
During the late early Miocene, at about 17-17.5 Ma, the sedi-
mentation rate was reduced to ~11 m/m.y. Following this re-
duction in sedimentation rate was an erosional or nondeposi-
tional event(s) which produced the most significant hiatus in
Hole 704B, encompassing the middle middle through earliest
late Miocene.

In spite of the presence of one lengthy Miocene hiatus, Site
704 has the most complete Miocene record of all Leg 14 sites.
Previous sites all have a major hiatus separating the Paleogene
or lowermost Miocene from sediments no older than late middle
to late Miocene in age. These major hiatuses at our previous
sites were attributed to, at least partially, the opening of the
Drake Passage and subsequent erosion by more intensified cir-
culation of Antarctic Bottom Water (AABW) and Circumpolar
Deep Water (CPDW). The complete middle middle Miocene
through early Miocene record of Site 704 and the dominance of
carbonate sedimentation suggest that this site was north of the
influence of the Circumpolar Current as it became established
during the early Neogene. Site 704 also remained north of the
Antarctic Convergence through this period; whereas, the more
southerly Site 699 (51°32.5'S) came under the influence of this
frontal zone during the earliest Miocene.

Site 704 microfossil assemblages and the high carbonate
content of the sediment suggest that Site 704 was north of the
Antarctic Convergence prior to and immediately after the for-
mation of the middle middle to earliest late Miocene hiatus. It
seems unlikely, therefore, that the agent of non-deposition and/
or erosion was Circumpolar Deep Water. Instead, the cause of
this hiatus may have been an increase in the production of
North Atlantic Deep Water (NADW) which more likely bathed
the sea floor at Site 704 (see Background and Objectives). It is
noteworthy that the hiatus follows shortly after the subsidence
of Iceland-Faeroe Ridge below a threshold depth which allowed
a rapid increase in advection of NADW into the North Atlantic
between 15 and 14.6 Ma (Miller and Fairbanks, 1985).

Late Miocene

After formation of the hiatus bracketing the middle/late Mi-
ocene boundary, a period of extremely high sedimentation (as
high as 100 m/m.y.) occurred during no more than 1.5 m.y.
(8.5-10.0 Ma).? During this period, approximately 130 m of
nannofossil ooze were deposited with little variation in the car-
bonate, which generally varies between 75 and 95%. Only in the
upper portion of this early late Miocene interval does the per-
centage of carbonate decline appreciably, to only 40% at ap-
proximately 320 mbsf. This carbonate low, representing the first
interval in which carbonate dominance was replaced by biogenic
silica dominance during the Oligocene to late Miocene period,
has an estimated age of 8.5 to 9.0 Ma. This first major peak in
biogenic silica productivity was short-lived, and carbonate con-
tent once again increased prior to the late Miocene hiatus be-
tween 287-308 mbsf.

3 Ages based upon the correlation of Anomaly 5 to Chron 11.
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Figure 33. Summary diagram of a variety of data collected at Site 704, including depth, core recovery for Holes 704A and 704B, age, paleomagnetic polarity zones and chrons, selected
paleontologic zones and ages, lithostratigraphic units and subunits and a description of their major characteristics, variation in smear slide constituents, %CaCOj3, and porosity.
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The high carbonate values and microfossil assemblages for
most of the early late Miocene interval (~ 10-8.5 Ma) are indic-
ative of continued deposition from temperate surface waters
well to the north of the Antarctic Convergence zone. The sub-
tropical foraminifer genus Globorotalia was common to abun-
dant during this period; however, it is unlikely that surface wa-
ters were warmer than cool temperate because of the dominance
of low-diversity placolith calcareous nannofossils. The excep-
tionally high sedimentation rate of this interval clearly suggests
that the site was in close proximity to upwelling. Microfossil as-
semblage characteristics are more consistent with a position close
to the Subtropical Convergence rather than to the Antarctic
Convergence.

The onset of significant long-term late Miocene cooling is in-
ferred as beginning at ~ 8.5-9.0 Ma, just prior to the formation
of the late Miocene hiatus. This event is manifested by the ma-
jor decline in carbonate to 40% and a decline in the abundance
of Globorotalia. Increased bottom current activity followed, re-
sulting in the formation of the late Miocene hiatus which spans
~8.5 to 6.5 Ma.

Sedimentation once again resumed at Site 704 by ~6.5 Ma.
Shortly thereafter (~ 6.0 Ma), and for the remainder of the late
Miocene, rapid fluctuations of the paleoenvironment of the
Meteor Rise occurred and persisted for most of the remainder
of the Neogene. High-frequency and large-amplitude fluctua-
tions in carbonate and biogenic silica content began at this
time, as can be seen in the downhole plot of percent carbonate
(Fig. 33). This permanent change in the carbonate record coin-
cides with the lower boundary of Subunit Ic2 at 251.7 mbsf. For
the remainder of the late Miocene, carbonate percentages are
generally less than 63% and occasionally as low as 10%.

The late Miocene decrease in carbonate and associated in-
crease in biogenic silica may be the consequence of increased si-
liceous productivity and dissolution of carbonate. Foraminifer
assemblages of the latest Miocene consist almost entirely of two
cold-water dissolution-resistant species, and siliceous microfos-
sils are dominated to a greater extent by more endemic high-lati-
tude species. It would appear that the Antarctic Convergence
first migrated to within close proximitry of Site 704 during the
latest Miocene (~6.0 Ma). If correct, this would most likely
have required a near fully glaciated Antarctica.

From the record of Site 704 it is clear that the late Miocene
interval between ~ 8.5 and 6.0 Ma brought a permanent end to
the more temperate climatic conditions which persisted over the
Meteor Rise since the Oligocene. After ~6.0 Ma, high-frequency
fluctuations in surface water conditions signal the dominance of
Quaternary-type glacial-interglacial variations. Coinciding
closely with the late Miocene change in the paleoenvironment of
the Meteor Rise region were: (a) the initial ice-rafting to Site 513
in the southeast Argentine Basin (Ciesielski and Weaver, 1983);
(b) a northward expansion of the zone of ice-rafting throughout
the Southern Ocean (Ciesielski et al., 1982); (c) further expan-
sion of the Southern Ocean biosiliceous province and Antarctic
Convergence Zone (Ciesielski and Weaver, 1983; Ciesielski et
al., 1982); (d) an increase in Antarctic ice volume (Shackleton
and Kennett, 1975; Ciesielski et al., 1982; Hodell et al., 1985);
(e) increased upwelling and biogenic silica accumulation rates
(Brewster, 1980); (f) a conspicuous high-latitude cooling (Ken-
nett and Vella, 1975), and (g) a shoaling of the CCD (Hsii et al.,
1984).

Pliocene

The Miocene/Pliocene boundary occurs at ~224.6 mbsf,
just below the Subunit Icl and Ic2 boundary at 219.0 mbsf.
Conditions responsible for the high-frequency fluctuations, and
lower mean carbonate values of the latest Miocene, persisted
into the earliest Gilbert Chron of the Pliocene. At ~4.77 Ma
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there was an abrupt increase in carbonate from 20% to 80%,
marking the base of Subunit Icl. From ~4.77 Ma throughout
most of the remainder of the Gilbert Chron there was an appar-
ent return to higher and more stable carbonate values. The in-
creased carbonate values and other characteristics are inferred
to represent a return to warmer conditions during the earliest
Pliocene and a southward retreat of the Polar Front. This pe-
riod of maximum early Pliocene warmth has been previously
documented in other Southern Ocean regions (Ciesielski and
Weaver, 1974, 1983; Keany, 1978).

The termination of the Gilbert Chron warming interval in
the southwest Atlantic sector of the Southern Ocean began with
a gradual decline in sea-surface temperatures commencing at
~3.97 to 3.86 Ma with northward movement of the Antarctic
Convergence Zone toward its modern position (Ciesielski and
Grinstead, 1986). Four successive major advances of the Ant-
arctic Convergence Zone occurred at Site 514, at a similar lati-
tude as Site 704 but in the Argentine Basin, during the Gauss
Chron (at 2.86, 2.79, 2.67, and 2.58-2.47 Ma). Closely coincid-
ing with the first of these advances was another significant
change in the sedimentation at Site 704, suggesting a more north-
ernly position of the convergence across the entire South Atlan-
tic than during the earlier Pliocene. At Site 704 the changes in
sedimentation occurred at ~3.0-2.9 Ma near the base of Sub-
unit Ib and includes: a decrease in the mean carbonate content
and an increase in the amplitude of the carbonate fluctuations
(Figs. 30 and 33), and the onset of alterations in color and bio-
genic silica content (Fig. 30). Shortly following this change in
sedimentation was the formation of a hiatus of brief duration
(~2.8-2.5 Ma).

The major advance in the mean position of the Antarctic
Convergence during the Gauss, as seen in the western (Site 514)
and eastern (Site 704) sides of the subantarctic South Atlantic,
precedes the first major Nothern Hemisphere glaciation (~2.37
Ma, Shackleton et al., 1984). Also shortly preceeding the first
major Northern Hemisphere glaciation was: the closure of the
Central American seaway ( ~ 3.0 Ma, Keigwin, 1982), the initial
glaciation in Iceland (~3.1 Ma, McDougall and Wensink, 1966),
and the first extensive sea ice in the Norwegian Sea (~ 2.8 Ma,
Ciesielski and Case, unpublished data). Clearly the Gauss Chron
was a time of global climatic change; however, the interhemi-
spheric feedback mechanism driving these glacial and climaic
changes is still poorly understood.

Quaternary

The final significant change in the pattern of sedimentation
at Site 704 occurs at the base of Subunit IA (~101.7 mbsf) and
approximates the base of the Quaternary. This boundary marks
a significant increase in the occurrence of biogenic silica and a
slightly lower carbonate content than the underlying subunit.
Striking and repeated fluctuations in the carbonate and silica
contents are the cause of pronounced color changes in the sedi-
ments. Variations of these two end-member components can be
seen in the plot of carbonate values (Fig. 33) and in high-fre-
quency, large-amplitude variations in calcium and silica elemen-
tal values in the geochemical log of Subunit IA (Fig. 31). The
cyclic variations in lithology in Subunits 1A and IB appear to be
related to the glacial-interglacial cycles of the Pliocene-Pleisto-
cene, with glacial episodes corresponding to intervals with low
carbonate values.

Late Pliocene-Quaternary deposition at Site 704 was con-
trolled by a complex interplay of three climatically controlled
processes, including siliceous and carbonate productivity, car-
bonate dissolution, and dilution by carbonate or biogenic silica.
Intervals of higher silica accumulation were probably the result
of glacial advances of the biosiliceous productivity belt to Site
704, only to be followed by the dominance of carbonate produc-
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tivity upon the interglacial retreat of the polar front. The log-
ging results of Hole 704B confirm the presence of a strong high-
resolution climatic signal with cycles on the scale of tens of
thousands to hundreds of thousands of years. Shore-based de-
terminations of isotopic, paleontologic, sedimentologic, and
other characteristics of this site should provide an unequaled
southern high-latitude reference section of late Neogene cli-
matic history.
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Summary log for Hole 704B (continued).
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Summary log for Hole 704B (continued).
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Summary log for Hole 704B (continued).
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Summary log for Hole 704B (continued).

SITE 704

(W) 40074 VIS
MOT38 H1d430

200
250
300

Jlu..l
& "I ﬂ
o]
_1 4 e S — — — — 1
w, w
1 >
i — — — va—
W = - 4. 7
o L - b % 13 ™ ’ AL s " |
M m M .,H.....w.:‘...‘ g ML LI ..3\1,..,.:_.»- ey SN A S \....,.lu;.w\...u._.___ (T e N Pt el B .:..._:. LR LS _.-/1 Nar_? \3.\1“.\.... 0hee TS W B
o' & '
1 (=]
nw " W . - .(ll:l...\(}arll.\..f)lf\!\l\'\.\ll.\if\,}\ i - 7 —— i)\f{\f\lf./w\l.tf’_r\r\:il\}
1o o
IT e
10 <
¥k
A . .. . i -
1
- ]
o —
= > = n v A - R W ~ —
1 . » " . N N L )" " A h " A
~ - E -
> " @ e -ua\,s u-:. .._:_.-.,..._M ._-z:\ iy .—\\1 o»____.-a ..e..r\ ..___.(-_.a.. fl)\.. n«f- .- 5 "... . _._.\.-_... L.bnl\f..—..i.q... - _-_ M. ______¢- . _- " \_..a_. -
O = 0 1 W Rt > 7 NP S S W L S Y I LECTC P Y B e P "oy
(1] _H_ v, P g N v Y e ~ LW YN
— ~
Nl A Y. AR AVa LA
! oH_.w o AAN TIPS IADLAASN L e A (./)((\/LC ~ NS PSNdrmd h A A
]
-O ¥
P
sl L]
'
0.0 nolo
1 o e— — —— b— —
w
— 1 L ol n -
> = e == ” nl o, " !y, s N ] safn LY .
> - . £ s L LN = L) L I VS
M" :___.; i .u. A ___\,.a. _.:‘ -—\._\‘_ ] ol -—...»- R e Y R A s \L_I 1?2 E.:,._.n A 4 A= .\- A s Y ..q
' AU Cati™ ) ~ . e =l ' - - - 21 o 4 ’
w" m A # 15 ~ SO RS az (XU _._: .\-— e i . q.nb_.- ) :- s .H.. -.-
Oy O id o S e t— = 2 —l
1 _ -
a) A
e = f - af, " i A
(S]] v A ?(/\b r/\\f/\ég/\? av v, v = ’
o A NAAA
1o “lg = AN WV AR AN e VWA W L
—_——
) A
N_5 o n
ol "
=t '
Wb 52 ’
xO!'f D \
wi'g = A P £
_HI.S. 3. m .m ATl TR b e I |~.....||\...|...u|..||‘-..r\n...‘ ..... i Elail Toa"T LS e k] =
o e =2|'® = il Sl ST ekl B el el T PR SR ML L PR Ll el LD Fhg R I e o e
WS S| ®
O m. 2 dlg 11T —— P [N - R
R“ 3 < =
O, L 3. S SO
o
L L
G — —
1
(W) Y0014V 3S 8 o 8
MOT38 Hid3d ~ o 2]
AHIADD3Y
o o ] od
3400 o 2 o 3

698
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Summary log for Hole 704B (continued).
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Summary log for Hole 704B (continued).
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SITE 704 HOLE A CORE 2H CORED INTERVAL 2529.0-2538.5 mbsl; 7.2-16.7 mbsf
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SITE 704 HOLE A CORE 3H CORED INTERVAL 2538.5-2548.0 mbsl; 16.7-26.2 mbsf 704A-3H | 2 3 4 5 [ 7
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LITHOLOGIC DESCRIPTION lo
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CHEMISTRY

SILICO -
SECTION
METERE

0.5+ ~ v Drilling disturb Slightly disturbed, Sections 2, 3, 6, and 7. 2
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el TR T R (5Y 6/3); calcareous-bearing diatom ooze, white (5Y 8/1) to light gray (5Y 30
oo 71}, and diatom calcareous coze, light gray (5Y 7/1). !
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DIATOM-BEARING CALCAREOUS OOZE, DIATOM CALCAREQOUS OOZE,
and CALCAREOUS-BEARING DIATOM OOZE

Drilling Soupy, P

Major lithology: Al i of diatom-bearing calcareous coze, white
(2.5 8/2); diatom calcarecus ooze, light gray (2.5Y 7/2); and calcareous-
bearing diatom ooze, white (10YR 8/1) and olive (5Y 6/3).

SMEAR SLIDE SUMMARY (%):
3,40 3,100 6 20
] D D

COMPOSITION:

Volcanic glass T

Calcite fragments 12

Foraminifers 7
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SITE 704 HOLE A CORE SH CORED INTERVAL 2557.5-2567.0 mbsl; 35.7-45.2 mbsf

BIOSTRAT . ZONE/
FOSSIL CHARACTER

T

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

PHYE, PROPERTIES

TIME- ROCE UNIT
SED. STRUCTURES

FORAMINIFERS
NANNOFOSSILS
RADIOLARIANS
DIATOMS
Flictiares
PALEOMAGNETICS
CHEMISTRY
SECTION

METERS

# | SAMPLES

DIATOM-BEARING CALCAREOUS OOZE, CALCAREOUS OOZE, and
CALCAREOUS DIATOM OOZE

biay

©
i
|

Drilling disturbance: Soupy, highly disturbed in Sections 1-5.

Major lithology: A lons of diatom-bearing ooze, white
{no color code to 5Y B/1) and light gray (5Y 7/1); calcareous ooze, light
yellow (5Y 7/3) and white {5Y 8/2); and calcareous diatom ooze, pale
olive (5Y &/4).

$=67.82 Fy-z.00

Minor lithology: Large lithic fragments in Section 1, 30-33 and
* 105-110 cm.
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SITE 704

HOLE

A

CORE 6H

CORED INTERVAL 2567.0-2576.5 mbsl; 45.2-54.7 mbsf

-+

TIME- ROCK UNIT

BIOSTRAT, ZONE/
CHARACTER

FoSSIL

FORAMINIFERS
NANNOFOSSILS

RADIDLARIANS

DIATOMS
SILICO-

FLAGELLATES

PALEOMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

SECTION

GRAPHIC
LITHOLOGY

METLCRS

DRILLING DISTURB.

SED, STRUCTURES

EAMPLES

LITHOLOGIC DESCRIPTION

QUATERNARY
PLIOCENE -QUATERNARY

NN 19
QUATERNARY
Coscinodiscus elliptipora-Actinocyclus ingens

unzoned
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CALCAREOUS OOZE, DIATOM-BEARING CALCAREOUS OOZE,
CALCAREOUS DIATOM OOZE, and DIATOM OOZE

Drilling
55-150 em.

Soupy In Section 1, 75-150 cm, and Section 2,

Major lithology: Alternations of calcareous ooze, white (2.5Y 8/1);
diatom-bearing calcareous ooze, white (2.5Y B/1); and calcareous
diatom coze, pale olive (5Y 6/4) to light olive gray (5Y 6/2); and diatom
ooze, white (2.5Y 8/1).

Minor lithology: Dark gray bleb containing pyrite-coated microfossils
In Section 2, 128 cm.

SMEAR SLIDE SUMMARY (%):
1,26 1,27 1,75 2,128 3,75 540 7,50
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SITE 704 HOLE A CORE 7H CORED INTERVAL 2576.5-2586.0 mbsl: 54.7-64.2 mbsf T04A-7H_| 1 2 3 4 5 ] L CcC

BIOSTRAT, ZONE/
FOSSIL CHARACTER

GRAPHIC
LITHOLOGY

LATES
PALEOMAGNETICS

LITHOLOGIC DESCRIPTION ' b

15

TIME- ROCK UNIT
SED. STRUCTURES
SAMPLES

FORAMINIFERS
NANNOFOSSIL
RADIOLARIA
DIATOME

PHYS. PROPERTIES
CHEMISTRY
SECTION

METERS

FORAMINIFER-BEARING DIATOM OOZE

II»-'JI i
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¢

Drilling disturbance: Soupy, Section 1, 0-60 cm.

3
= |
jq
¢

Major lithology: Foraminifer-bearing diatom coze with alternating color
variations, Including white {5Y 8/1), light yellowish brown (2.5Y 6/4),
* light gray (5Y 7/2), and light olive gray (5Y &/2).
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Minar lithology: Lithic fragments dispersed throughout Section 1,
o o 21-32cm.
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SITE 704 HOLE A CORE 8H CORED INTERVAL 2586.0-2585.5 mbsl; 64.2-73.7 mbsf
BIOSTRAT . ZONE/ - .
Ll I om
g GE88IL CHARACTER 3 2 g nﬁ
alela w 5|2 =5
x| 4|z -
g|elz|3 EHELE gl ol I LITHOLOGIC DESCRIPTION
(-3 Zlolz|w|l. |||z % LITHOLOGY g|lE|m
z b
u|3|2|2]2]88&|a|2|E| & 3|%|8
Z|5|5|g|=2|23|=|F|gl8| & HEFE
- = = o [eul o o o o 1 =) @ “
1=~ CALGAREOUS DIATOM OOZE
! Joo| -~
L e e Major lithology: Calcareous diatom coze, white (3Y 8/1) and pale olive
9 03] | (5Y 6/4) to light greenish gray (5Y 7/1).
& 1 o e It * G
L “r Minor lithology: Lithic fragments in Section 1, 85-85 cm.
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1 o] = o
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SITE 704 HOLE A CORE 9H CORED INTERVAL 2595.5-2605.0 mbsl; 73.7-83.2 mbsf
BIOSTRAT, ZONE/ - .
£ | FOsSSIL CMARACTER I la
g ZlE i
@ = E S
FHIEIR ol g a2
A HEE HHEHEE e 1512 LITHOLOGIC DESCRIPTION
“53‘”"5§E55a"'"°"5' 355
NHHEHEEHAHEE: EIME
S HE R BRI R HEFE
Fle|Z|E|lela|E|E|5|8| % sl8|a
reveeeee CALCAREOUS DIATOM QOZE
N = e o
] e Drilling disturbance: Soupy, Section 1, 0-15cm.
1 _=,='=, s Major lithology: Calcaraous diatom coze with alternating color
4 o |~ » variations, Including white (2.5Y 810, 5Y B/1), light gray (2.5Y 7/2), and
1= ~ pale olive (5Y &/3).
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SITE 704 HOLE A CORE 10H CORED INTERVAL 2605.0-2614.5 mbsl; 83.2-92.7 mbsf

BIOSTRAT, ZONE/
FOSSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME- ROCK UNIT
FORAMINIFERS
NANNOF OSSILE
RADIOLARIANS
DIATOMS

SILICO -
FLAGELLATES
PALEOMAGNETICS
PHYS. PROPERTIES
CHEMISTRY
SECTION

DRILLING DISTURB,
SED. STRUCTURES
SAMPLES
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CALCAREOUS DIATOM QOZE
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Drilling di: : Bowed sed| y contacts, Section 3,
70-105 cm.
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i
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Major lithology: Caicareous diatom coze with alternating color
variations, including light gray (5Y 7/2), white (5Y 8/1), pale olive (5Y
6/3), and pale yellow (5Y 713).
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SITE 704 HOLE A CORE 11H CORED INTERVAL 2614 .5-2624.0 mbsl; 92.7-102.2 mbsf
BIOSTRAT, ZONE/ w %
% FOSSIL CHARACTER | | w g @
elE &
o] E % g §:' g i GRAPHIC g E
g ik g, .3§ 2lE|, LATROLBGY ¢ g u LITHOLOGIC DESCRIPTION
v (5|82 Eleel 322 8 S(®lg
- o B B o e FHIFE
BN EEHEE R |g|3
i CALCAREOUS DIATOM OOZE
3 ] Drilling disty : Soupy, ghout 3 and Section 4,
% e ol RS 0-45 cm.
-3 £3) -
< 1 45 s Major lithology: Calcareous diatom ooze with alternating color
1 i n I 3
G : ; 0_-:’=.=’V S variations, including light gray (Y 7/1, 7/2) and white (5Y 8/1).
uc: -1 -ngm = Minor lithology: Lithic fragments mixed with coze in Section 1,
g\ 4 :ava -u: 0-8cm.
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SITE 704 HOLE A CORE 13H CORED INTERVAL 2633.5-2643.0 mbsh; 111.7-121.2 mbsf

BIOSTRAT. ZONE/
FOSSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME- ROCK UNIT
RADIOLARIANS
FLAGELLATES
PALEOMAGNETICS
PHYS. PROPERTIES
CHEMISTRY
DRILLING DISTURS.
SED. STAUCTURES

NANNOFOSSILS

FORAMINIFERS
DIATOMS
SILICO-
SECTION
METERS

® | SAMPLES

SILICEOUS CALCAREOUS O0ZE

Major lithology: Siliceous calcareous ooze, white (2.5Y 8/0), olive (5Y
6/4), and light gray (Y 7/1),

SMEAR SLIDE SUMMARY (%):
* 1,20 1,122 6, B0

M
COMPOSITION:

0-83.41 Fya2.47

Volcanic glass T _ T
Accessory minerals:
Carbonate
fragments
Foraminifers
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Diatoms. T
Radiclarians 4
Sponge spicules 15
Silicoflagellates
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SITE 704 HOLE A CORE 14H CORED INTERVAL 2643.0-2625.5 mbsl; 121.2-130.7 mbsf 7 4H 1 ki 2

BIOSTRAT. ZONE/
FOSSIL CHARACTER

b

30

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME=- ROCK UhIT
FORAMINIFERS
NANNOFOSSILS
HADIOLARIANS
DIATOMS
i"‘tliluceallnfs
PALEOMAGNETICS
FHYS. PROPERTIES
CHEMISTRY
BECTION

METERS

SED. STRUCTURES
SAMPLES

*

O| pRILLING DISTURB .

CALCAREOUS SILICEOUS 0OZE and SILICEOUS CALCAREOUS OOZE

=N=1
(==}
=]=1
(= =1

Major lithology: Calcareous siliceous coze, white (2.5Y BI0), olive (5Y
5/3), and light gray (5Y 7/2); and siliceous calcareocus ooze, white (no
color code), diffusely bioturbated.

0,0-0

* Minor lithology: Dropstone(?) in Section 4, 31-34 ¢my; ash horizon at

! Section 3, 135 cm.
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130.7-140.2 mbsf

CORED INTERVAL 2652.5-2662.0 mbsl

15H

HOLE A CORE
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SITE 704 HOLE

A

CORE

16H

CORED INTERVAL 2662.0-2671.5 mbsi; 140.2-149.7 mbsf

TIME- ROCK UNIT

BIOSTRAT . ZONE/
FOSSIL CHARACTER

FORAMINIFERS
NANNOFOSSILE
RADIOLARIANS
DIATOMS
?{I_‘ilézo LLATES

PALEOMAGNETICS

PHYS. PROPERTIES

CHEMIBTRY

SECTION
METERS

LIT

GRAPHIC

HOLOGY

DRILLING DISTURB.

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

UPPER PLIOCENE
PLIOCENE -QUATERNARY

Eucyrtidium calvertense (UPPER PLIOCENE)
unzoned

Coscinodiscus vulnificus to CosmiodiScus insignis

NN 18 or OLDER

p-86.64 Fy=2.73

§-76.66 Fg-2.44

0.5

6,89

e
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B[ED 000

e

0.0.0.0-0.0-0
UHI]DIJHDHHUI]H[]DI]
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0.0-0.0.0.0-0
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CALCAREOQUS SILICEOUS OOZE and SILICEOUS-BEARING
CALCAREOQOUS 00ZE

Major lithology: Calcareous siliceous ooze, light gray (5Y 7/2), light
olive gray (5Y 6/2), light olive (5Y 6/2), and greenish gray (5G 7/1),
occurring in color bands; and siliceous-bearing calcareous ooze, light
blue gray (5B 7/1) 1o light greenish gray (5GY 7/1). Slight to moderate
bioturbation in Sections 1, 2, 5, and 6.

Minor lithology: Pebbles and lithic fragments in Section 1, 0-20 cm
{contamination?),
SMEAR SLIDE SUMMARY (%)
1,60 2,30 4,70
e] D o]
COMPOSITION:

Volcanic glass — —
Icite

L

Accessory minerals;
Mn-micronodules - Tr
Foraminifers 5 10
Nannofossils 10 20
Diatoms 82 68
Radiolarians 1 1
Sponge spicules T Tr
Silicoflagellates 1 T

FFnoBm
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SITE 704 HOLE A CORE 17H CORED INTERVAL 2671.5-2681.0 mbsl: 149.7-159.2 mbsf
BIOBTRAT., ZONES .
T | FossiL CHARACTER | § g [
S al=le I HE
A EFIHE gy E . GRAPHIC 2|5
§ tlals <ls|gf&]. uithocosy | o 2 |w LITHOLOGIC DESCRIETION
mHE R EEE Sk
LR HHEEEHEAE EIME
Fl2lZ|2|a|ag|a|2|5|8| & AL
7 SILICEOUS-BEARING CALCAREOUS OOZE to SILICEQUS CALCAREOUS
] O0ZE
L] .a: Major lithology: Siliceous-bearing calcareous ooze o siliceous
1 ] calcareous ooze, light gray (5Y 7/1 to 7/2), slightly
E in Sections 1, 3, and 6.
1.0 Minor lithology: Lithic frag and small pebbles (ice-rafted debris)
& in Section 1, 0-80 cm; pyrite blebs In Section 3, 16 cm.
1 SMEAR SLIDE SUMMARY (%):
] - n
D . 3,80
3l | |5 . o
S = 3
3 €| [2| ] COMPOSITION:
3 E Volcanic glass T
= 3 = Calcite 1
N i a - Accessory minerals:
? = 3 ] Mn-micronodules Tr
o Foraminifers 25
olc g — Nannofossils 33
z(8[= ] Diatoms 40
wl=|=w N Radiolarians 1
ooz — Sponge spicules T
& o Sle o 3 1 Silicoflageliales T
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SITE 704 HOLE A CORE 19X CORED INTERVAL 2690.5-2700.0 mbsl; 168.7-178.2 mbsf

BIOSTRAT . ZONE/!
FOSSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME- ROCE UNIT
FORAMINIFERS
NANNOFOSSILS
RADIOLARI A
DIATOMS
FLAGELLATES
PALEDOMAGNETICS
PHYS. PROPERTIES
DRILLING DISTURB.
SED. STRUCTURES

SILICO-
CHEMISTRY

SECTION
METERS
BAMPLES

AChs Sr CALCAREOUS SILICEOUS OOZE, SILICEOUS-BEARING NANNOFOSSIL
OOZE, and SILICEQOUS CALCAREOUS OOZE

E
L0

:

e loeo Major lithology: Alternating horizons of calcareous siliceous ooze,
] SO greenish gray (5GY 6/1, 7/1), light gray (5Y 7/1); siliceous-bearing

P T nannofossil ooze, white (no color code); and siliceous calcarsous coze,
"’3 =ea ) light gray (SY 7/1), Faintly bioturbated in Sections 1, 2,5, and 7.
e
™~
A‘l..f

SMEAR SLIDE SUMMARY (%):

R === | 6, 60
o
= COMPOSITION:

i ol Voleanic glass T
= Accessory minerals:

L~ | S Fragmented

o= carbonate

TN Foraminifers

Nannotossils

ool Diatoms

oo Radiolarians

Sponge spicules

T RN FAE ....%....

mmugwa

0.0

" 0
I8

pe65 98 Fhe2.63
o

(LOWER PLIOCENE)

Nitzschia interfrigidaria
Distephanus boliviensis (LOWER PLIOCENE)

PLIOCENE
PLIOCENE -QUATERNARY
NN 17 or OLDER

PR WA TN S

Helotholus vema

N <>ﬂ<>"<><>
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fi LY

¢=70.83 Fy=2.59
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SITE 704 HOLE A CORE 20X CORED INTERVAL 2700.0-2709.5 mbsl; 178.2-187.7 mbsf

BIOSTRAT. ZONE/
FOSSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME- ROCK UNIT
SILICE-
PALEOMAGNETICS
PHYS. PROPERTIES

FLAGELLATES
SED. STRUCTURES

RADIOLARIANE
DARILLING DISTURB,

CHEMISTRY
SECTION

FORAMINIFERS
NANNOFOSSILE

DIATOMS
BAMPLES

e DIATOM-BEARING CALCAREOUS OOZE

= o e e Major lithology: Di g ooze, f wh
Soo (no color code), light greenish gray (SGY 7/1), light gray (5G 7/1),
[=T=X-] variations are much subtler in this core than above.

ite
lor

e T e

oo oo Minor lithology: Dark fine-grained lithic fragment in Section 1,
50-55 cm.
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[ T M I
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cooo SMEAR SLIDE SUMMARY (%):

¢=70.88 Pg-2.78

i

coo 2,70
i COMPOSITION:

Nannofossils

_m e Diatoms
[—X=—1-] Silicoflageliates
== Micrite

RSN Y I 9 |
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SITE 704 HOLE

A

CORE 21X

CORED INTERVAL 2709.5-2719.0 mbsl;

187.7-197.0 mbsf

TIME- ROCK UNIT

BIOSTRAT, ZONE/
FOSSIL CHARACTER

ERS

FORAMINIFI
NANNOFOSSILS
RADIOLARIANG
FLAGELLATES

DIATOMS

SILICO-

PALEOMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

SECTION

METERS

GRAPHIC
LITHOLOGY

DRILLING DISTURB .

SED, STRUCTURES

SAMFLES

LITHOLDGIC DESCRIPTION

LOWER PLIOCENE
PLIOCENE -QUATERNARY

Nitzschia angulata
(LOWER PLIOCENE)

(LOWER PLIOCENE)

[

Helotholus vema
Distephanus boliviensis

Nitzschia reinholdii

NN 15-16

$-57.54 Pge2.73

@=64.25 Fhez .83

0.5

€66 eeq ¢Gaqes ¢6
0
0
0

[

cc

g
i
0
0
0

Pl N IPOPTS OIS B STUTATS SPUTUrarS APErWrar ATSrarar erarar |-||_?

DIATOM-BEARING CALCAREQUS OOZE

Major lithology: Diatom ooze, f
(2.5Y 810),

rite in Section 2, 55 cm; S

white

Minor lithology: Blebs a py
95 cm; and Section 4, at 5, 15, 35, and 65 cm.

SMEAR SLIDE SUMMARY (%)
2,55 4,5
M D
COMFOSITION:

Feldspar
Volcanic glass
Accessory minerals:
Opaque (pyrite?)
Foraminifers
Nannofossils
Diatoms
Radiolarians
Sponge spicules
Silicollagellales
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SITE 704 HOLE A
CORE 22X
. CORED INTERVAL 2719.0-2728.5 mbsl; 197.0-206
= FOSSIL CHARACTER 3 ] ’ ‘ .7 mbs'
Aeor HE HE
w |[E| 2 w| = 5
I = i ow & @
§ ; g ; HE § z GRAPHIC E ;
= (21212 e EHE LithoLosy | o | & LAl
HHHHE 935 ElEls E 1HE HOLOGIC DESCRIPTION
= -« [T=| < o 3
SHHHHEEHHHER HEE
@
A 1~ -F r_"ac.mET
2 j’v oo o DIATOM CALCAREOQUS OOZE
“ o E _\;—‘:m:u: Maj
& - jor lithology: Diatom
=1 z Pt L4 calcareous ooze, white (no color cod
; ; x b ,ama: - greanish gray (5G 7/1), diffuse bioturbation, slightly mottied. e to lignt
E l.o—uv\“cc?c Minor lithology: Pyrite-bearing hori. in 3,14
? :f '\—ﬂmﬂcﬂc l o
- 1~ oy SMEAR SLIDE SUMMARY (%):
-‘—ﬂmﬂaﬂ:
“q
) 1 e 1,70 3,12
Lﬁr T == COMPOSITION:
S -+ ~fooQ
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SITE 704 HOLE A CORE 23X CORED INTERVAL 2728.5-2738.0 mbsl; 206,7-216.2 mbsf

BIOSTRAT . ZONE/
FOSSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME- ROCE UNIT
FORAMINIFERS
RADIOLARIANS
DiATOMS

SILICO-
FLAGELLATES
PALEOMAGNETICS
PHYS. PROPERTIES
CHEMISTRY
SECTION

DRILLING DISTURE,
SED. STRUCTURES
SAMPLES

e DIATOM-BEARING CALCAREQUS OOZE

oooo Drilling Slight In S 1, 110-140 cm; Section 3,
o0 0-80 cm; and Section 4, 25-60 cm,

oooo Major lithology: Diatom-bearing calcareous ooze, light greenish-gray
coooo (5G 7/1). G beddi ibly 9 ping ition

in Section 1, 107-135 cm,

¢=60.90 fy-2.78

oooo SMEAR SLIDE SUMMARY (%):
=

[=X=N-] 1,70 2,100
oooo D D

oooo COMPOSITION:

[=1=1=] Quartzifeldspar
e % | Feldspar
cDooo Clay
Rk o i 5 Volcanic glass
ooo Micrite
R Accessory minerals:
—F-N-N-} I Opagues
e Foraminifers
Nannofossils
Diatoms
S eeen Radiolarians
cooo I Sponge spicules
Silicoflagellates
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§=62.19 Pye2.70
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Nitzschia reinholdtii
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Distephanus boliviensis (LOWER PLIOCENE)
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SITE 704

HOLE A

CORE 24X

CORED INTERVAL 2738.0-2747.5 mbsl; 216.2-225.7 mbsf

TIME- ROCE UNIT

BIOSTRAT. TOMES
FOSSIL CHARACTER

FORAMINIFERS

NANNOFOSSILS

RADIOLARIANS

DIATOMS

SILICO -
FLAGELLATES
PALEOMAGNETICS
PHYS, PROPERTIES

CHEMISTRY

SECTION

GRAPHIC
LITHOLOGY

DRILLING DISTURB .,

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

UPPER MIOCENE

- QUATERNARY

UPPER MIOQCENE

11-15

NN

Helotholus vema (LOWER PLIQCENE)

Denticulopsis hustedtii
Distephanus boliviensis (LOWER PLIGCENE)

¢-65.77 Py-2.82

I

$-69.77 Fg=2.68
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€ in METERS
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SILICEOUS CALCAREOUS O0ZE

Drilling disturb Slight in Section 2, 85-150 cm.

Major lithology: Siliceous calcareous ooze, showing strong color
variations from light greenish gray (5G 7/1), to greenish gray (5G 6/1), to
light gray {2.5Y 7/2), to white (5Y 8/1), to grayish brown (2.5Y 5i2).
Bioturbati in 2,3, 4, and B.

SMEAR SLIDE SUMMARY (%)
2,100 4,34
o
COMPOSITION:

Quartzifeldspar 3
Feldspar —
Clay 2
Volcanic glass -
Accessory minerals:
Opagues —
Foraminifers 8
Nannofossils 54
Diatoms 20
Radiolarians 10
Sponge spicules -
Silicoflagellates 3
Pellets -
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SITE 704 HOLE A CORE 25X CORED INTERVAL 2747.5-2757.0 mbsi; 225.7-235.2 mbsf 704A-25X 1

BIOSTRAT, ZONE/ A s 1
= |Fossi cramacrer |, [ 8 gla R ~ | -
3 2l®lg w g = E g v I I l l I
x |Gl=z]|% R GRAPHIC |5 - X "
Wlel= - > "
§ 5 § " " ;g E E o utwoLoer | g § a LITHOLGGIC DESCRIPTION '° :
HEHEE R HE: 3‘?5 ' l l l I I
2le|lzla|la|o=sfal=z]|lw]e] = 2le | 3
FlE|Z|z|ales|a|E|B|0| ¥ |8 =% -
L ey SILICEQUS CALCAREQUS OOZE and DIATOM-BEARING NANNOFOSSIL . : ' I e I i
- 1 THeoo QO0ZE
~ 1 3 = =r=.=r i -
o 054 TH =o Major lithology: Alternating horizons of silicecus calcareous ooze, | >, i ¢
Ny o o el light greenish gray (5G 7/1) and greenish gray (5G 6/1); and diatom- g =
1 - Qagml::r bearing nannofossil coze, white (no color code) and light gray (5Y 7/1). ! l I ! g
o~ i ' 3 1
=5 \ﬂfvgacﬁ:a:' Minor lithalogy: Pyrite-bearing horizons in Section 3, 49, 61, and | - -
il B N T 79 cm; Section 4, 70 cm; Section 5, 42 cm; and Section &, 11-12 and I I I : l !
L] 1 eaoo 63 cm. | J i
- -+ W e -
o i 1 i i
™ = SMEAR SLIDE SUMMARY (%) v
P s I c
-4 = 2,70 47 o
Joq L D ! v
2 A - #| COMPOSITION: ' : I I ﬁ i
= 1 = ' :
w —_VJ_ g Clay - 1 5 ol
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] o 1A= Micrite = 10 o L
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SITE 704 HOLE A CORE 27X CORED INTERVAL 2766.5-2776.0 mbsl; 244.7-254.2 mbsf

BIOSTRAT . ZONE/ o .
| FOSSIL CHARACTER | , | w ER R
HaEaReHE HE
A E] w g, GRAPHIC iR
§ i é H ¥ 'Eg gz I e § ° LITHOLOGIC DESCRIPTION
il =1 pu ] -
HHHEEHAHEE: 3lcls
3 = ] =
A HEHHEEHEEER (2
(ol hord i
DIATOM-BEARING NANNOFOSSIL O0ZE
Major lithology: No recovery except for 7 cm of diatom-bearing
1l ooze, light gi ish gray (5G 7/1), in CC.
SMEAR SLIDE SUMMARY (%)

s CC, 4

L= D

5 COMPOSITION:
w @
& b Micrite 10
YHiw |2 2la Nannofossils 80
cjZ|!'|= = Diatoms 10
—|lw|e|E|lw]|E
ZEjlo|~|®|~|®m
[ iy et

o

wiziz|c ‘g- g
o 5
=1 -

$

(=}

704A-28X NO RECOVERY
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SITE 704 HOLE A CORE 28X CORED INTERVAL 2785.5-2795.0 mbsl: 263.7-273.2 mbsf

BIOSTRAT, ZONE/ -
= | rossiu cuaracter |, | © gln
E] A JE|E § &
e ol
g £1glz|, 'gg g H 5| 5 R » § " LITHOLOGIC DESCRIPTION
IR s M zla
HHHEHE BHAHEE 3|8
Flelz|F|a|ER|a|E|5|4] ¥ A
cc i P b | # | DIATOM-BEARING NANNOFOSSIL OOZE
Major lithology: No recovery except for 21 cm of diatom-bearing
fossil ooze, light g ish gray (5G 7/1), in CC.
SMEAR SLIDE SUMMARY (%):
cc,
E 12
©
g - @ COMPOSITION:
o cle) |13 Micrite 12
oleglr Bl<le Foraminifers 10
s |®|e|gla|® Nannofossils 68
: a‘,: E a|% Diatoms 10
w52|°(5|”
el o
=) -~
S
Q
SITE 704 HOLE A CORE 30X CORED INTERVAL 2795.0-2804.5 mbsl: 273.2-282.7 mbsf
BIOSTRAT. ZONE/ ™ .
T | FOSSIL CHARACTER | , | w Elw
HnonerHE HE
o | b Elw @
g g g g . .I'ég g E| Lr;:':;, E g . LITHOLOGIC DESCRIPTION
MHE R HE R EE =3
HHHH B E FHEEE 21a]8
AR HE - HHEEE ZI8|3
ce] A, L - * | DIATOM-BEARING NANNOFOSSIL OOZE
Major lithology: No recovery except for 17 em of diatom-bearing
tossil ooze, light g gray (5G 7/1), in CC.
SMEAR SLIDE SUMMARY (%):
i~ cc,
-g_ 10
w o L COMPOSITION:
ﬁ 2lin %
o|lE~|al2 Micrite 12
O|E|)|® c Foraminifers 8
s|8|z|g|e| Nannofossils 70
b il P Y Diatoms 10
o o | 2
RN
oS S
=1 <
S
(=3
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SITE 704 HOLE

8

CORE

1H

CORED INTERVAL 2520.3-2527.0 mbsl; 0.0-6.7 mbsf

TIME- ROCE UNIT

BICSTRAT. ZONEF
FOSSIL CHARACTER

FORAMINIFERS
HNANNOFOSSILS
AADIOLARIANS
FLAGELLATES

DIATOMS

SILICO-

PALEOMAGHETICS

PHYS. PROPERTIES

CHEMISTRY

BECTION

GRAPHIC
LITHOLOGY

DRILLING DISTURB .

SED. STRUCTURES

BAMPLES

LITHOLOGIC DESCRIPTION

QUATERNARY

not examined
Coscinodiscus lentiginosus

NN 19
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DIATOM-FORAMINIFER OOZE

Drilling disturb
Section 3.

Slightly disturbed in 2, 70-150 cm, and in

Maijor lithology: Diatom-foraminifer ooze, light gray (2.5Y 7/2) and pale
yellow (5Y 7/3) 1o white (no color code), containing green altered
volcanic ash in Sectlons 3 and 4.

Minor lithology: Nannofossil ooze, white (no color code), in Section 4,
139-150 cm; Section 5, 0-56 cm; and in the CC,

0L J.LIS
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SITE 704 HOLE B CORE 2H CORED INTERVAL 2527.0-2536.5 mbsl; 6.7-16.2 mbsf 704B-2H 1 2 3 4 5 [

BIOSTRAT. ZONE/ . .1 ¥ ]
= | FossiL chamacten |, | 8 2o || :
z Sl Elw |
o | ol e cle =l 3 .
- 555 Eig, GRAPHIC 2:: ' l l
§ Sk HEE IR virmcaee | & g " LITHOLOGIC DESCRIPTION
NEHEEHE HERE R K- |
S(E|2|5(=5(552|e|2|6| & 2|3 l l I
FlE|E|E|a|E| | |58 & 8|2
= | CALCAREOUS DIATOM OOZE I l ;
s = I Drilling disturb Slightly disturbed in Section 1; soupy in
A7 Section 3, 40-150 cm.
1 .
3 A | Maijor lithology: Calcarecus diatom coze, pale clive (5Y 8/3) to light . I
o L | gray (5Y 7/1).
] _I__I_.J_— Minor lithologles: Calcareous-bearing diatom ooze, pale olive (5Y 6/3), ' l
N | in Section 2; 3 and 0-40 cm; and Section 5, 11-150 cm. Nannofossil
1= — | ooze, white (no color code), in Section 1, 0-18 and 85-135 cm,
:tz R ¥ o
3= el A SMEAR SLIDE SUMMARY (%): l
S A
2| 1A~ v 4,145 =
:'= Yl D
L COMPOSITION: K
e e :' —
P A Feldspar 1]
0 ] W Volcanic glass 1 d
2 Ry Micrite 10 4 ™
g 1g] ~ ~ Foraminifers 5 I i {
< @ i R LR Nannofossils 35 60
- o = 3
o s 1 Y . s Diatoms 49
; b = % 15 o Radiolarians 1 l "—1
a|Slo| |5 &L |3 oo ~ o Silicoflagellates i X
Z|E |~ 23] _=== ™E
° ]
& xlz| |3 a ==l o i
a[.|%] |8 3 joe l r—1
2 = i
Q 452 - g
g _=l='=l T e ¥ ]‘_‘
Q o J==l > I !
:a::n:' e ,__'
4 = e
Ao e~ ~r I ) '
oo ~ —
=l ~ ) I | #
] P
b A i " —*
B I ! i
N = e
JH v~ 100 =
5| I , p 1
19|~ '05_
4o e I ] d
=1 W Y
:=' ~r r_'
< B I |
] =
S
& :|:|=l:l o i~
Joo ™ - h
CC ool -0 lzo ’ o | S
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SITE 704 HOLE B CORE 3H CORED INTERVAL 2536.5-2546.0 mbsl; 16.2-25.7 mbsf

BIOSTRAT, ZONE/
FOSBIL CHARACTER

CGRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME- ROCE UNIT
AGELLATES
FALEOMAGNETICS
PHYS. PROFERTIES
DRILLING DISTURB,
SED. S8TRUCTURES

RADIOLARI AN
CHEMISTRY

FORAMINIFERS
NANNOFOSSILE

DIATOMS
SILICO-
3
SECTION
METERS
SAMPLES

o CALCAREOUS DIATOM QOZE

<

e Drilling di Soupy in Section 3, 140-150 cm; Section 4, 0-40
and 120-150 cm; and Section 5, 0-20 cm.

¢

~r Major lithology: Calcareous diatom ooze, light olive gray (5Y 6/2) and
W e light gray (5Y 7/1) to white (5Y 811).

R
e s Minor lithology: Diatom calcareous ooze, white (5Y 8/1), In Section 2
S and Section 3, 0-91 em. Ash-bearing and ice-rafted debris-bearing silty
horizons, light olive gray (5Y 6/2), occur in Section 6, 125-129 and
oo e 135-146 cm;, and Section 7, 15-25 cm.

i SMEAR SLIDE SUMMARY (%):

=Y=1=) * 2,70
D
ra COMPOSITION:

$=81.72 Py-2.56
L]

== Feldspar
=0 Volcanic glass
== Foraminifers!
oo o nanncfossils
=T=1=] Diatoms
Radialarians
[=1=] Sponge spicules
':'EF':F' Silicoflagellates

==

F.-493

q

QUATERNARY
not examined
NN 19
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SITE 704 HOLE

B

CORE 4H

CORED INTERVAL 2546.0-2555.5 mbsl: 25.7-35.2 mosf

TIME= ROCE UNIT

BIOSTRAT ., ZONE/
FOSSIL CHARACTER

FORAMINIFERS
HANNOFOSSILE
RADI OL ARIANS
DIATOMS

PALEOMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

SECTION

METERS

GRAPHIC

LITHOLOGY

DRILLING DISTURB.

SED, STRUCTURES

SAMPLES

LiTHOLOGIC DESCRIPTION

QUATERNARY

19

not examined
NN

Coscinodiscus eiliptipora-Actinocyclus ingens

$-83.77 Fg-2.44
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SILICEOUS CALCAREOUS OOZE to CALCAREOUS SILICEOUS O0ZE

Drilling di b Mod bed in Section 1 and

Section 6, 50-110 em.

ly to slightly di

Major lithology: Siliceous calcareous ooze, light gray (5Y 7/2) and
white (no color code), light yellowish brown (10YR 6/4); alternating with
calcaraous siliceous coze, pale olive (5Y 6/4) and olive (5Y 5/4) to light
gray (5Y 7/2). Opaque (pyrite?) staining occurs in Section 1, 44 and

67 cm; Section 5, 0-32 cm. Color changes are gradational.

Minor lithalogy: Sili L ooze, white (no color
code) in Section 2, 61-82cm, Secllon 3, 7-50 cm, and Section &,
27-110 cm. Accumulation of opaques (pyrite?) in Section 5, 38-44 cm.

h hout 5 and 6.

Minor bi ion occurs

SMEAR SLIDE SUMMARY (%):
2,95 3,35 4,890
D

COMPOSITION:

Accessory minerals:
Fragmented
carbonate
Mn-micronodules
Foraminifers
Nannotossils
Diatoms
Radiolarians
Sponge spicules
Silicoflagellates
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SITE 704 HOLE B CORE 5H CORED INTERVAL 2555.5-2565.0 mbsl; 35.2-44.7 mbsf
BIOSTRAT. ZONE/ % -
T [FossiL cHaracTER |, | W 2l
o - =3
S lel=lel T2lz|E HE
S|l¥|al= M h GRAPHIC ale
§ E § H 2 .E g % E wl LITHOLOGY g E @ LITHOLOGIC DESCRIPTION
[ 3 2 o, .|®2le| = =|w
SHHHHE HHHEE 2sl3
FlE|z|Z|ala|a|E|8|8] & A
) c’ac’a‘::‘: SILICEOUS-BEARING CALCAREOUS OOZE and CALCAREOUS-BEARING
] #* | SILICEOUS OOZE
o W T W
oS Hacaa Major lithology: Sillceous-bearing calcareous ooze, white (no color
2 20 el code), light gray (5Y 7/2) and pale yellow (5Y 7/3); alternating with
Sl oao calcareous-bearing siliceous ooze, greenish gray (5GY 6/1), olive (8Y
; 0':0 ] 5/4), and light gray {S5Y 7/2). Spots of fine dispersed opaques (pyrite?)
T B e a =] are common.
A=
i T Minor lithology: Diatom coze, olive (5Y 4/3), in Section 1, 27-45 cm.
o Ly Calcareous siliceous ooze, light olive gray (5Y 6/2) with spols of olive
o m o e (5Y 5/3) calcareous-bearing sillceous coze in Section 3, 50-130 cm.
Tleeao Siliceous calcareous coze, light gray (5Y 7/2) in Section 3, 130-150 cm,
1ol =aa Section 4, 0-20 cm; and Section 7, 0-44 cm. Pumice piece (2 em) in
e T Section 6, 110 cm; inated lithic frag in 1, 44, 81,
2 - o and 94 cm; throughout Section 2, 3, 33-130 cm; and Section 6,
:anzﬂz : 140 cm. Minor to mod bioturbation throug the core.
-_—)y
B =K==}
T SMEAR SLIDE SUMMARY (%:
o Moe oo
S .r}a o S 30 Eﬂ‘a
o I e
= p o iy B RS ey COMPOSITION:
] 1=l e as * | Feldspar T
2 a b P R Volcanic glass 5 2
g J=o| e Calcite 1
S J e 2T e Accessory minerals;
-1 = =B Mn-micronodules Tr T
S i Fotas~ Foraminilers T 6
>|e @ Mannofossils — 4
a2 g 1 s Diatoms 93 a7
|=2=]
g o - 1 O oo o Radiolarians 1 1
o ﬁ sl . b == Sponge spicules —_ T
Wl 8. 1 = |~r A Silicoflagellates . T
= = = ey (==
< | _ ‘Q‘. " _(‘_\ =00 a
3 2 &= 3 B
'a; _'\f [=1=]
1 EGDDE. =3
2 Hl==
:-; :ﬁ cnaau =
'b- T aZ:rzaza
=] ‘G coDoao
= 1~ e a
a toAe = = e
-1 = aa
] e —T=-T-1-]
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Q 5 o oo o
I oo
oo e o
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SITE 704 HOLE

B

CORE 6H

CORED INTERVAL 2565.0-2574.5 mbsl; 44.7-54.2 mbsf

TIME- ROCK UNIT

BIOSTRAT. ZOME/!
FOSSIL CHARACTER

FORAMIMIFERS
NANNOFDSSIL
RADIDLARIANS
DiATOMS
FLAGELLATES

SiLICD-

PALEOMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

BECTION

GRAPHIC
LITHOLOGY

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

QUATERNARY
not examined

19

NN
Coscinodiscus elliptipora-Actinocyclus ingens

9=81.92 fge2.87

oo

%§%§%§§§>n

¢5"40"¢" <5 o[

q

TN AN N

0

Sg<>

1,0
oco
oo

b
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s v Ly aa o lsgay

£9¢96263¢p 2 ¢)
0
0

peaalsveslevey

padaaaalaiag

cC

_— —— = —ewwwa— ) () O— —— ——| DRILLING DISTURS.

SILICEOUS-BEARING to SILICEOUS CALCAREOUS OOZE and DIATOM
00ZE

Drilling disturbance: Mod: in Section 1, 0-85 cm; Section 2,
70-150 cm; Section 3, 0-5 cm, Soupy in Section 1, 80-150 cm.

Major lithologies: Siliceous ooze 1 aring
calcareous ooze, light olive gray (5Y &/2), light nray (5Y ?h]l, gray :5v
6/1), and white (no color code). Diatom coze, olive (5Y 5/4),

Minor lithology: Calcareous siliceous ooze, light gray (5Y 7/2), in
Section 2, 70-150 cm; Section 3, 0-66 cm; and Section &, 94-130 cm.
Carcamous -bearing siliceous ooze, light olive gray (5Y 61'2}. in

Section 7, 70-87 cm, Opague (pyrite?) staining is 3,
137-142 cm; Section 4, with concentric rings at 55-70 cm; Bnd

Section 7, 0-90 cm. Minor bioturbation in Sections 4-7, causing
mottiing in the sediment.

SMEAR SLIDE SUMMARY (%):
6,10
D

COMPOSITION:

Volcanic glass 1
Accessory minerals 3]

Mn-micronodules T
Diatoms 28
Radiolarians T
Silicoflageliates Tr

$0L LIS
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SITE 704 HOLE

B

CORE 7H

CORED INTERVAL 2574.5-2584.0 mbsl; 54.2-63.7 mbsf

TIME=- ROCK UNIT

BIOSTRAT. ZONE/
FOSSIL CHARACTER

RE

FORAMINIFE:
HNANNOFOSSILS
RADIOLARIANS
FLAGELLATES

DIATOMS

BILICD -

PALEOMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

SECTION

GRAPHIC
LITHOLOGY

METERS

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

QUATERNARY

not examined
NN 19

Coscinodiscus elliptipora-Actinocyclus ingens

¢-a5.64 fy-2.71

Touon
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0
0
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A ittt DRILLING DS TURE

CALCAREQUS-BEARING DIATOM OOZE, CALCAREOUS-BEARING
SILICEOUS OOZE, and SILICEOUS CALCAREOUS OOZE

Very gh ion 1.

Drilling disturb:

Major lithology: Calcareous-bearing diatom ooze, light olive gray (5Y
6/2) and light yellowish brown (10YR &/3). Calcareous-bearing silicecus
ooze, light olive gray (5Y 6/2) to light olive brown (2.5Y 5/4). Siliceous
calcareous ooze, white (5Y 81),

Minor lithology: Silicecus-bearing calcareous coze, white (no color
code) to light gray (5Y 7/1), in Section 2, 64-110 cm, and Section 8,
0-150 cm. Opaque staining in Section 2, 84-150 cm. All color changes
are gradational,

SMEAR SLIDE SUMMARY (%):
2,126 4,50
D ]
COMPOSITION:
Volcanic glass
Accessory minerals:
Mn-micronodules

Foraminifers
Nannofossils
R

(WERE AN NN
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SITE 704 HOLE B CORE 8H CORED INTERVAL 2584.0-2593.5 mbsl; 63.7-73.2 mbsf

BIOSTRAT, ZONE/ » .
% FOSSIL CHARACTER - | W g a
Q| =
o | clE= ]
w | E| = g H R B 21E
o |w = x GRAPHIC a
AHEE : 5 g g |, . LimwoLoer | g ; " LITHOLOGIC DESCRIPTION
Iy = w =
w3 HEHE HREHE i ot g
S| |9|=(25F =88] = E|8)2
- [ = @ o okl o o o o > o L w
FArR= o SILICEOUS-BEARING CALCAREOUS OOZE and DIATOM OOZE
INeocaoo
K Drilling disturbance: Very disturbed In Section 2, 0-50 and 80-140 cm.
0 hA oo
w 1 + a:ﬁ:ﬁ:-:' Maijor lithology: Siliceous-bearing calcareous coze, white (no color
S 1A code), stained by fine disp paques (pyrite?). Diatom ooze, dark
o 1 0,:'\-’:- =l=1= yellowish brown (10YR 4/4) and light yellowish brown (10YR 6/4) to pale
S = brown (10YR 6/3).
9 1 vee Minor lithology: Calcareous-bearing siliceaus oaze, light yellowish
= brown (10YR 6/4) and very pale brown (10YR 7/3) In Section 3, 0-18 and
g i e g 58-125 cm; Section 4, 0-26 cm (slained by di i pag
< i I T minerals), and in CG.
g A T W »*
asy - T
ol B G I v SMEAR SLIDE SUMMARY (%):
x| : 2 1~ o A (%)
= E
2lEle| |= I~~~ 2,35 3,35 3,80
x|me|™ - R e M D D
wigslz| (& o v COMPOSITION:
= - 1 o A o
g = 'Ei_ Volcanic glass —_ —_ T
ol|c = 1= 3 e Accessory minerals:
@ 2 Hl=aaag & gbaqllﬁsmd T — -
w 4 ragmen
3 S Y T TN carbonate 8 - 15
3 ol ~ Mn-micronodules  — T -
g < B * | Foraminifers - 1
o o e Y ol Nannofossils T 60 T
= o 1 T Diatoms 87 15 79
o o = Radiolarians 3 — 3
w0 - B i [ g S Sponge spicules 1 — 1
8 =] S S Sllicoflagellates 1 T 1
e =
M aoaoo
-
4 ‘\’f}lﬂ‘:ﬁ:ﬂ
WS WS
CcC :‘E] s s

0L JLIS
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SITE 704 HOLE B CORE 8H CORED INTERVAL 2593.5-2603.0 mbsh 73.2-82.7 mbsf
BIOSTRAT, ZONES % )
= | FossiL cHARACTER | , | w 2w
5 eTale 2 HE
z| 2|2 w| = a2
gle(g|2 53 g & il o LITHOLOGIC DESCRIPTION
¢zo.m,u;¢-sn LITHOL OGY 'z’i'-ﬁ
HEE P EE: 3% s
2 |z|=la|=|5=zlz|&|2]| 5 2lalz
Fle|z|d|alas| s |E|3|8] % HEIE]
=
:Z -\—:,,—vv SILICEOUS CALCAREOUS OOZE and CALCAREOUS SILICEOUS OOZE
oo :: "v\’v Drilling disturbance: Slightly in Section 2, 0-85 cm,
1 I=| v~ Major lithology: Siliceous calcareous ooze, white (no color code to
1= ~ 10YR &M1)) to light gray (10YR 7/1) with common opagque staining, gray
\ 0_:;:. A * (N4/). Calcareous siliceous ooze, light olive gray (5Y 6/2) and pale olive
Feg| e (5Y 8/3).
1= Y e ¥
:,: W Minor lithology: Calcareous-bearing diatom ooze, olive (5Y 5/4).
e e
:2 T ¥ I Minor bloturbation in Sections 4 and 5, causing mottling In the
I |~r sediment,
49| A A [
19|~
2 J=| ~r | SMEAR SLIDE SUMMARY (%):
b =1
EESICE 1,100 5,77
, [0} [0}
1= 5 COMPOSITION:
150| n
S ol Ar Volcanic glass 1 —
] g e P Calcite 2 —_
5 12 |~ Accessory minerals:
& 155 Mn-micronodules T —
= =] B Foraminifers 5 15
o 3 5| = Nannofossils 10 50
> $.= Diatoms a1 34
S I |me=s Radiolarians 1 —_—
> 1 e e=s Silicoflagellates Tr 1
- [=K=]
o
> e = r_'ll:'l:l':'m
@ Q 4V
E:: Elao = 1 Zm::u:
£I5lz |t Totn
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SITE 704 HOLE B CORE 10H CORED INTERVAL 2603.0-2612.5 mbsl; 82.7-92.2 mbsf

BIOSTAAT. ZONE/ y
; FOSSIL CHARACTER | . ﬁ g B
= 212]¢g m E E o qi" .
g E g s § g é E ch:p:::;:r E E - LITHOLOGIC DESCRIPTION I . l l 3
= " z E
AHHEHHEERHEE: HHE -
2 |le|lz|la|a|3e= slujel g é afz
=le|z2|2|ales|a|E|S5(R] 2 s|8|3 i
Ja ale A l
1a | CALCAREOUS SILICEOUS OOZE and SILICEOUS CALCAREOUS OOZE
48259 =~ !
4 mDa GAG Major lithology: Calcareous slliceous ooze, olive (5Y 5/4) and pale
0.5 at A olive (5Y 6/3) to light gray (5Y 7/2). Siliceous calcarecus ooze, pale olive ¥l
1 e I e (5Y 6/3) to pale yellow (5Y 7/3). : o
q==| - i &
| n_‘i:ﬁ:l e . Minor lithology: Sili bearing fossil ooze, white (no color I l I l
e |k code), Section 5 and Section 6, 0-100 em. Opagues (pyrite?) occur in
= 115 Section 7, 17 cm. A
R ke
B Minor bioturbation, causing mottiing. :
- =9 -
° =T l l 15
9 . i e SMEAR SLIDE SUMMARY (%)
3 ERCT 1
I ta| = 1,100 6, 50 :
NEHEE S oo
~ b i e ™ COMPOSITION:
2 = oo -
4 B e Voleanic glass T T 2
& 1=l Accessory minerals:
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=3 P B Foraminifers 2 2
E 15 | Nannofossils - 7 e
=V Diatoms 62 20 -
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SITE 704 HOLE

8

CORE 12H

CORED INTERVAL 2622.0-2613.5 mbslh; 101.7-111.2 mbsf

TIME- ROCK UNIT

BIOSTRAT. ZONE/
FOBSIL CHARACTER

LLATES
PALEOMAGNETICS

o)
a4
=
wi

FORAMINIFERS
NANNOFOSSILS
RADIOLARIANS

DIATOMS
0-

PHYS, PROPERTIES

CHEMISTRY

SECTION

GRAPHIC
LITHOLOGY

SED, STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

UPPER PLIOCENE

not examined
NN 19

Rhizosolenia barbai-Nitzschia kerguelensis

¢+81.36 Fy.2.88

o

METERS
lll.l?llll

1N T N AT N RE PN ST SE N FUEE ST SNE Y FRETE ST FET T FNW |1|1&r

cC

{6260 62606062606 ﬁ?ﬁ?<P<P<><P§RSREF<P<P(>43<P 262626262 606262 6262 62€) 586 €266 ) GGG )
0
0
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O O Of oriLLing isTure

SILICEOUS-BEARING CALCAREOUS OOZE
1, 0-40 cm; highly disturbed, in

Drilling Soupy,
Section 3, 25-48 cm.

Major lithology: Siliceous-bearing calcareous ooze, light gray (5Y 7/1),
light olive gray (5Y 6/2), and white (5Y B/1) to white (no color code).
Diatom cotton appears in Section 5, 21-22 cm. Lithic fragments occur
disseminated Iin the soupy ooze, Section 1, 0-28 c¢m; and in Section 1,
68, 86, and 121-134 cm. Stained color bands by opagues in Sectlon 4,
40-50 cm; and Section 6, 15, 22, 43, and 114 cm.
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SITE 704 HOLE B CORE 13H CORED INTERVAL 2631.5-2641.0 mbsl; 111.,2-120.7 mbsf

BIOSTRAT. ZONE/ “ - l: sl q ﬁ
T | FossiL CHARACTER | , | w gl ¢ [
2 ETeTe e PlE
AHBREHE 3E | | B E
E HHE P §§ szl Riony L - 11 LITHOLOGIC DESCRIPTION : y
clslsl2lzle2l 2l ele] B B =
g (312128 b AHE R 3| ;|8 i
Z|&8|3|2|=[z2|E|2|8] & HIFE e
Fle|F|E|a|a2| 225w & H AR 41 LT " =
pa d | SILICEOUS-BEARING OOZE to SILICEOUS GALCAREOUS OOZE I ¥ i -
-+ A - ) -
2 4 I Drilling disturb Mod in ion 1, 0-85 cm, and Section 5. I ~ ﬂ ﬂ
h 0.5 . £ Ly et .
of 1 <+ : I Major lithology: Siliceous-bearing calcareous ooze, light gray (5Y 7/1) 0 | (o wr ”
1™ 3 to white {no color code), and siliceous calcareous ooze, olive gray (5Y P ‘ :
5 1 0s i 5i2) to white (no color code). Opaques (pyrite?) accur in Section 1, ] 2. ' - —
i 4 94 cm, and Section 6, 33-45 cm. Staining due to opagues occurs in | f
~ ] Section 1, 10-75 and 94 cm; Section 3. 50-63 and 145 cm; Seclion 5, 4 " q ﬂ
P g 8-80 cm, and Section 6, 70-95 cm. 4 - i, -
[
1 Small lithic frag in 2, 90-145 cm. i et i
] ; " e
= SMEAR SLIDE SUMMARY (%) i el
2 E Jage 2 3
] 2,125
< D i - ! E L
] COMPOSITION: s il
4 * I 3 i L
k. Voleanic glass T ! = o
Calcite/dolomite W il | 4
o ] fragments 10 i ’ ,ﬂ
s ] Foraminifers 3 ik : i
- Diatoms 74 3 |
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SITE 704 HOLE B CORE 14H CORED INTERVAL 2641.0-2650.5 mbsk 120.7-130.2 mbsf

BIOSTRAT, ZONE/
FOSSIL CHARACTER

f

GRAPHIC

LiTHOLOGY LITHOLOGIC DESCRIPTION

TIME=- ROCE UNIT
FORAMINIFERS
NANNOFOSSILS
RADIOLARIANS
DIATOMS

LS ares
PALEOMAGNETICS
PHYS. PROPERTIES
CHEMISTRY
SECTION

METERS

SED. STRUCTURES
SAMPLES

a
i
1
l]

SILICEOUS CALCAREOUS OOZE

Drilling disturbance: Highly disturbed In Section 1, 0-35 cm;
throughout Sections 2 and 3; and slightly disturbed in Section 1,
7ocm.

3
1
1]
)

1 IN' I
¢
0.0
0
203

e

(7
)

]
in
|
Y

== === DRILLING DISTURB.

GRS * Major lithology: Siliceous calcareous ooze, light gray (5Y 7/1) to white

o oo {5Y 8/1 to no color code). Opaques (pyrite?) occur in Section 5, 12-39,
== 110, and 116-140 cm, and Section 7, 33-40 cm. Staining due to

opaques (pyrite?) in Section 3, 87-84, 102-105, 114-120, and

137-139 cm; Section 4, 10-25 cm; and Section 6, 96-123 cm,

I=K=]
= o= Minor lithology: Calcareous ooze, white (no color code), Section 1,
== 0-15 om. Calcareous-bearing diatom ocoze, olive (5Y 5/4), Section 1,
e 47-62 cm.

¥

$

= SMEAR SLIDE SUMMARY (%):
= o 1, 90
o o COMPOSITION:

£

&

Volcanic glass
ey Calcite/dolomite
= = o fragments
= oo Foraminifers
= e Nannofossils
rra Diatoms
= = e Radiolarians

nBEal
&
FYS I3 4 NERMEES=ST |

T

-

UPPER PLIOCENE
not examined
NN 19

0-69.47 Pge2.75
S

Coscinodiscus kolbei-Rhizosolenia barboi
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SITE 704 HOLE B CORE 15H CORED INTERVAL 2650.5-2660.0 mbsl: 130.2-139.7 mbsf

BIOSTRAT. ZONE/
FOBSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME-ROCE UNIT
ILICD -

5
FLAGELLATES
PHYS, PROPERTIES

FORAMINIFERS
NANNOFOSSILS
RADIOLARIANS
PALEOMAGNETICS
SECTION

METERS

DRILLING DISTURB.
SED. STRUCTURES
SAMPLES

DIATOMS
CHEMISTRY

SILICEOUS-BEARING CALCAREOUS OOZE

Drilling Highly in 2-4 and Section 6,
0-95 cm. Vertical color banding due to flow in. Moderate disturbance
in Section 5, 0-70 cm.

(W

o
n
|

Major lithology: Siliceous-bearing calcareous coze, white (8Y 8/1 to no
code) to light gray (5Y 7/1). Opaque (pyrite?) spots in Section 1, 27 and
33 em, Vertical dark discoloration in Section 4.

1.0 Voo

s AL 1.1 5

Minor lithology: Calcareous diatom ooze, ollve (5Y 5/3), in Section 5,
Soo 25-75 cm.

Faint mottling due to bation in Secti 7 and &, Pianol
BTl oceurs in Section 8. The burrows are light gray (5Y 7/1) to gray (N6).

SMEAR SLIDE SUMMARY (%):
3,100 5, 40
D

$=67.16 Fg=2.52
~N

sat b Lo yay

COMPOSITION:

-
¥

[ I A S e e 0 0 T

Volcanic glass

Calcite fragments 1
Foraminifars 10
Nannofossils 69
Diatoms 20
Radiclarians =

n-g#Mg:‘

WS NUEE N

NN 19

FEE W Y E R A SRS EIEE € 1T

UPPER PLIOCENE
not examined

[ 2 €266 (G EE) (BP PGP OREE)
il
i}

0
0
S

Coscinodiscus kolbei-Rhizosalenia barbor
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SITE 704 HOLE B CORE 15H CORED INTERVAL 2650.5-2660.0 mbsl: 130.2-139.7 mbsf 7TO4B-15H | 704B-16X  CC

BIOSTRAT, ZONE/ 3 i
'g- Fos8IL cHaRACTER | . | B gl B
o -
HHHEE HH alg
AN g HHE Rty e LITHOLOGIC DESCRIPTION
Lls|s1213) |3] (8[| 8 A
g |2[5)5|5] |4lel|d|5| 2|s|3
Flg|Z|d]|a T |E(S|8]| ¥ la|a
:Gal:mnl:
Y oeo Continued.
'n===l
O3 hA e
7 +Y ooo
Il aa
1~ oo
ln—xaa:l::ra:l
T+ Aooo
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I eaa
ocooo
- oo o
Injoaoa
8 _xnnnnnn
+Ad ooa
= ocooo
ICC K =2=c
SITE 704 HOLE B CORE 16X CORED INTERVAL 2660.0-2667.5 mbsi; 139.7-147.2 mbsf
BIOSTRAT, ZONE/ .
§ FosSIL cuaracTER | , | & g @
[*] -
AEHEHE 35 g GRAPHIC 22
al= o 5 i H
g |5 HEHAEE é £, Uinocoor | @ g P LITHOLOGIC DESCRIPTION
§E§§§§§§é§5§ 3z l¢
cle(Z|2|alad|a|E E HIE
LA B
) CCl aaalorlc SILICEOUS CALCAREOUS OOZE
o
g Major lithology: Siliceous calcarecus ooze, light gray (SY 7/1).
o Minar lithalogy: Granodiorite pebbles.
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SITE 704 HOLE

B

CORE

17X

CORED INTERVAL 2667.5-2677.0 mbsi; 147.2-156.7 mbsf

TIME- ROCE UNIT

BIOSTRAT. ZOMES
FOSSIL CHARACTER

FORAMINIFERS
NANNOF OSSILS
RADIOLARIANS
DIATOMS
A5 ares

PALEOMAGNETICS

PHYS, PROPERTIES

CHEMISTRY

SECTION

METERS

GRAPHIC
LITHOLOGY

DRILLING DISTURB.

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

UPPER PLIOCENE

not examined
Coscinodiscus kolbei-Rhizosolenia barboy

Coscinodiscus vuinificus |

NN 18 or older

$-17.96 Pge2.88

o
n
TR N

9?9?9?Qw9?9?????9??????2;Q??TQ???@????T?T?T?T???Q
0
0
0

cC

(TN F RN NUNEE DN a STUes FUS Y S wws e Wi SATIrH G A WArAarel TATare N |.|,?

SILICEOUS-BEARING CALCAREOUS OOZE

Maijor lithology: Sllli:acus bcarlng caJ:amous ooze, llghl gray {5\" 7
d lithic

to white (no color code). D

Sections 2-4. Larger pebble occurs in Section 4,102 cm. Opaqua
horizons in Section 5, 106-150 cm, and Section 6, 0-4 cm,

Minor lithology: Psbbles (downhaol
0-17 cm,

ation) in 1
Miner bioturbation in Section 6.

SMEAR SLIDE SUMMARY (%):
2,100
D

COMPOSITION:

Accessory minerals:
Opagues
Foraminifers 5
Nannofossils,
braken 70
Diatoms. 20
Radiolarians 3
Silicoflagellates 2
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SITE 704 HOLE B CORE 19X CORED INTERVAL 2686.5-2696.0 mbsl; 166.2-175.7 mbsf
BIOSTRAT. ZONE/ @ .
£ | FossIL CHARACTER | , | w 2w
S A Bl B -g E E g
2 2|z HEE R i
§ ‘; g g . Eg £k sl . Lf::r;:‘ ; g “ LITHOLOGIC DESCRIPTION
a2z |®2ls]| 8 Sl=| 2
AHHHBEEFHEHE 2lal8
B HEHEB EEHEHE R |83
=
Tl | | SILICEOUS CALCAREOUS QOZE
o
P —i.r':.‘_ | Drilling disturbance: Slight throughout the core.
- - = e
- -I —~] 1 .ﬁn * Major lithology: Siliceous calcareous ooze, white (2.5Y 8/1), with some
1.2 I shades of greenish gray (5GY 6/1) in Section 2, 24-39 and 74-94 cm.
il | M Lithic fragments (ice-rafted debris) in Section 1, 11-25 cm; ash-bearing
z|z g e -0 I horizon, gray (5Y &/1), in Section 1, between 20-25 cm.
L Q a2
S (6 LB + 2
o < % S e r SMEAR SLIDE SUMMARY (%):
g o3 15
a|x NEIE . | 1,21 1,75
x| = .. © 4 ]
ww =lo o e <5 COMPOSITION:
sle| | |5]a [€ 2| T= |
3 Z E ﬁ -Gn g:.lamﬂeldspar lg —_
- © e ay —
ol 2 | niond | Volcanic glass &2
o = | o S o e Micrite - 15
o SISl & b g l Accessory minerals T 1
E ol T 2ok Foraminifers 43 10
E NI 40 f Nannofossils - 47
5 =2 T Diatoms 40 24
o == 1~ | Radiolarians 2 1
- . - Sponge spicules - 1
< = B :AQ ponge spl
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704B-21X NO RECOVERY
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SITE 704 HOLE B CORE 22X CORED INTERVAL 2715.0-2724.5 mbsl; 194.7-204.2 mbsf
BIOSTRAT. IONE/ - .
§ FOSSIL CHARACTER | ,, | w gle
2= A2 E 5|5
g g g § EHHE Saewe |3 g LITHOLOGIC DESCRIPTION
?;u:;.;ﬂig'igg weoor' |2 lE] e
- 2 of o | F| R | w 41
JHHHH=BHHEE HEiE
b I SILICEOUS-BEARING CALCAREOUS O0ZE
@ - .
? - | Drilling M y di d
g ! ] H Major lithology: Silicecus-bearing calcareous coze, white (2.5Y 81).
] I Pyrite(?) staining In Section 1, 9-14 cm.
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SITE 704 HOLE B CORE 23X CORED INTERVAL 2724.5-2734.0 mbsl: 204.2-213.7 mbsf

BIGETRAT . ZONE/ , |
= | rossiL cuanacren |, | glm
- gle S| A " -
o | @ = al2
5812 2 gle aaaswic |35 ITHOLOGIC DESCRIPTION e l : l " I I i
§ % § 2l E ElEls LitHoLosy | e § 2 LATHOLRG! L !
1318|133 3l.|2l2] & ="z | i
wialz|Z|E Wlw| 3| w pr a .
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SITE 704 HOLE B CORE 24X CORED INTERVAL 2734.0-2743.5 mbsl; 213.7-223.2 mbsf ]
BIOSTRAT . ZONE/ - . l i
T |FossiL cHaRACTER |, [ w E e " [ 23 "
HABOREHE e 2|2 - il l . n v
wlgl|= = - GR, o Ty
B i EEEE ; Pty ; P LITHOLOGIC DESCRIPTION ) — 3 . “
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E illing disturbance: High in Section 5, 0- 1 ; e i
oot Drilling ah in 5, 0-25 and 140-150 cm ! E w »
1 - t Major lithology: Siliceous-bearing calcareous coze, white (7.5YR 8/1) to 2 = = )
1 - light gray (7.5YR 7/1). Light greenish gray (SGY 7/1) lo bluish gray (58 l ﬁ ' i]'
e 711} patches in Section 6. ) ol .
: Minor lithology: Ash-bearing clayey diatom ooze, greenish gray (5GY I g ; -
] &/1) in Section 6, 102-113 cm, ‘ ) w
3 Minor to moderate bioturbati Zoophy occurs in 6, 99 and ﬂ 5 ‘ F
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SITE 704 HOLE B CORE 25X CORED INTERVAL 2734.5-2753.0 mbsl; 223.2-232.7 mbsf

BIOSTRAT, ZONE/
FDS5IL CHARACTER

i s

GRAPHIC

THI {]
LITHOLOEY LITHOLOGIC DESCRIPTION

PHYE, PROPERTIES
DRILLING DISTURS .,

TIME- ROCE UNIT

FORAMINIFERS
NANNOFOBSILS
RADIOLARIANS
DIATOMS

ILICO -
Hlidiates
PALEOMAGNETICS
CHEMISTRY
METERS
SED. STRUCTURES
SAMPLES
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SILICEOUS CALCAREOUS O0ZE

Paog?
;

5/
0 bx

Maijor lithology: Siliceous calcareous ooze, light gray (7.5YR 7/0}, white
{7.5YR 8/0), and light greenish gray (5GY 7/1). Pyritic patches, black

“ (7.5YR 2.5/0) in Section 1, 38, 56, and 105 cm; Section 2, 140 cm; and

Section 6, 35 and 110cm.

“ Minor lithologies: Clay-bearing diatom ooze, brown (7.5YR 5/2),
* Section 1, 70-105 cm. Pyritic nannofossil coze, dark greenish gray (5GY
4/1), Section 1, 120-150 cm. Calcareous siliceous ooze, pinkish gray
(7.5YR 6/2), Section 1, 55-70 and 105-120 cm; and Section 2, 0-59 cm;
greenish gray (5GY 6/1) to pinkish gray (7.5YR 6/2) in Section 4,

cm.
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SITE 704 HOLE B CORE 26X CORED INTERVAL 2753.0-2762.5 mbsl; 232.7-242.2 mbsf

BIOSTRAT . ZONE/
FOBSIL CHARACTER

GRAPHIC

LI THOLOGY LITHOLOGIC DESCRIPTION

TIME- ROCE UNIT
FORAMINIFERS
RADIOLARIANS
FLAGELLATES
PALEOMAGNETICE
PHYS. PROPERTIES
SED. STAUCTURES

CHEMIBTRY

NANNOFOSBILE
DIATOMS

SILICO~
SECTION
SAMPLES

>‘1r

SILICEOUS CALCAREQUS O0ZE

NI
2]

Drilling Soupy In Section 1, 0-40 cm; moderate in
Section 3, 50-100 cm.

) OOO DRILLING DISTURB.

' W T N T P P PR Aw e S ra s S e S ||||?||||T..;. ki

>‘1

T4

$

Major lithology: Siliceous calcareous coze, greenish gray (SGY 6/1),
light greenish gray (5GY 7/1), light gray (5Y 7/1) to white (no color code).
Pyrite-bearing spots (mottling), dark gray (N4)) in Section 1, 137 cm;
Section 2, 34-38 and 63-84 cm; Section 3, 34-40, 57, and 91-98 cm;
Section 4, 13, 40, and 130 cm; and Section &, 22 and 50-58 cm.

Bioturbation: Minor, Planolites(?) in Section 1.
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SITE 704 HOLE B CORE 27X CORED INTERVAL 2762.5-2772.0 mbsl; 242.2-251.7 mbsf
BIOSTRAT, ZONE/ -
£ | Fossic cramacTer | , | ol
3 I HIE
A EEE g E £ GRAPHIC I
gL 8|z HEIHE kb ; 2. LITHOLOGIC DESCRIPTION
e |[E|°]|< ol = =
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iy =d0
= eea=lg O0ZE
-JJ_LMJ:'G' =] 0
LI o S amc:ﬁ Is) Drilling disturbance: Soupy to moderate in Section 1.
--’_’{"- =
L [ R Ty X X 8 Major lithology: Siliceous-bearl ooze, white (2.5Y 811 to
1 o—"n“?;ﬁ:ﬁ:f 0 no color code) to light greenish gray (56Y 71). Siliceous calcareous
T4 bood 0 ooze, white 5Y 8/1). Both major lithologies are mottled by dark gray (5Y
Frotered an) pyritic({?) spots.
_\V,‘ ==}
—rr Minor lithology: Diatom calcareous ooze, pale brown (10YR 6/3).
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SITE 704 HOLE

BIOSTRAT, TONE/
FOSSIL CHARACTER

w

CORE 28X CORED INTERVAL 2781.5-2791.0 mbsl; 261.2-270.7 mbsf

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

PHYS. PROPERTIES

TIME- ROCE UNIT
PALEOMAGNETICS
DRILLING DISTURE,
SED. STRUCTURES

FORAMINIFERS
NANNOFOSSILE
RADIOLARIANS
DIATOMS

1 m
?I.I.-Ikc LLATES
CHEMISTRY
SECTION
SAMPLES

NANNOFOSSIL OOZE

L

Maijor lithology: Nannofossil ooze, light greenish gray (SGY 7/1) to
white (no color code).

-

|_

Minor lithology: Calcarecus ooze, light blue gray (5B 7/1), Section 6,
59-89 cm. Pyrile-bearing horizon in Section 7, 9-13 cm; pyrite-bearing
spots in Section 7, 40 cm,
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SITE 704 HOLE B CORE 30X CORED INTERVAL 2791.0-2800.5 mbsl; 270.7-280.2 mbsf
BIOSTRAT. ZONES W .
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b CITS NP Bioturbation: Minor, few Planolites in Section 1.
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SITE 704

270.7-280.2 mbsf

.0-2800.5 mbsl;
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LITHOLOGIC DESCRIPTION
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SITE 704 HOLE B CORE 31X CORED INTERVAL 2800.5-2810.0 mbsl; 280.2-289.7 mbsf

BIOSTRAT. ZONE/ R )
L | FossiL cHARACTER | . | w 2le
z olg 2| &
o) E g ? Ble|y GRAPHIC E g
§ £l 8 s § E§ g § 8| 5 umoteer | ¢ g , LITHOLOGIC DESCRIPTION
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1 % i ey oaze, gray (N4), in Section 6, 112 cm.
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SITE 704 HOLE B CORE 32X CORED INTERVAL 2810.0-2819.5 mbsi; 289.7-299.2 mbsf
BIOSTRAT. ZONE/ e
£ | rossi cuaracten | , | 8 glg
5 21% H o5 |2 n g
= w| W -
§ & § ] | 8 E E Lf::::';' 5 § LITHOLOGIC DESCRIPTION
@ x - |w |, 2 - =1 w
ol Fleal2|0|5[8] e HHE
!g%gz‘ﬁzﬂz;;g e
FlR|2|=|alad|a|2]|6|%] % HEE
1= == = NANNOFOSSIL 0OZE
I == L=
- L - Major lithology: Nannofossil coze, white (no color code to 5Y 81).
0.57] _L.J.___L Opagque stained horizon In Section 7, 38 cm, and the CC, 10 and
1 o [ (il 17-22 cm.
2] -_l_—l—_l_— i Bioturbation: Faint mottling in Section 8, 0-100 cm.
2 P -
1 —‘—_L—*— SMEAR SLIDE SUMMARY (%):
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SITE 704 HOLE B CORE 35X CORED INTERVAL 2838.5-2848.0 mbsl; 318.2-327.7 mbsf

BIOSTRAT . ZONE/
FOSSIL CHARACTER
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GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

-I. ATES
PALEOMAGNETICS

TIME- ROCK UNIT
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FORAMINIFERS
NANNOGFOBSILE
RADIOLARI
DiATOMS

e

PHYS. PROPERTIES
CHEMISTRY
DRILLING DISTURB.
SED. STAUCTURES
SAMPLES

SECTION
METERS

NANNOFOSSIL QOZE and DIATOM-BEARING NANNOFOSSIL O0ZE

Drilling dist Biscuits th hout the cora.
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Major lithology: Nannofossil ooze, white (no color code) to light
greenish gray (5GY 7/1), and diatom-bearing nannofossil coze, light
greanish gray (SGY 7/1). Opague horizons and spols at Section 2, 18,
25, 32, 58, and 69 cm; Section 3, 37-42 c¢m; Section 4, 10-15 cm; and
Section 5, 139-144 cm.
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Minar lithology: Diatom nannofossil ooze, light greenish gray (5GY
71), with yellowish spots of higher diatom accumulation.
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SITE 704 HOLE B CORE 36X CORED INTERVAL 2848.0-2857.5 mbsl; 327.7-337.2 mbsf
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s ale 1 i Major lithology: Nannofossil coze, white (no color code to 2.5YR 8/0).
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SITE 704 HOLE B CORE 37X CORED INTERVAL 2857.5-2867.0 mbsl; 337.2-346.7 mbsf

BIOSTRAT. ZONE!
FOSSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION
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PHYS. PROPERTIES

TIME- ROCK UNIT
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SED. STRUCTURES
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CHEMISTRY
BECTION

FORAMINIFERS
MANNOFOSSILS
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NANNOFOSSIL OOZE

Drilling disturbance: Soupy in Sections 4, 5, 6, and 7; biscuits in
Section 1.
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Major lithology: Nannofossil ooze, white (no color code) to light gray
(SY 7/1). Opaque (pyrite?) staining In Section 1, 17-19 and 96 cm;
Section 2, 63-86 cm; and Section 3, 55-59 and 97-101 cm.
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SITE 704

HOLE

CORE 39X

CORED INTERVAL 2876.5-2886.0 mbsl; 356.2-365.7 mbsf

TIME- ROCE UNIT

BIOSTRAT, IONE/
FOSSIL CHARACTER
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LITHOLOGY
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LITHOLOGIC DESCRIPTION
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NANNOFOSSIL O0ZE

Major lithology: Mannofossil ooze, white (no color code). Opaque
staining in Section 4, 122 cm; Section 5, 29 cm; and Section &,
98-107 cm. Pumice pebble in Section 6, 102 cm.

Bioturbation, causing very faint pale brown mottling in Section 4.

SMEAR SLIDE SUMMARY (%):

2,100 4, 60
D
COMPOSITION:

Foraminifers 1 T
Nannofossils a8 99
Diatoms 1 1
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SITE 704 HOLE B CORE 40X CORED INTERVAL 2886.0-2895.5 mbsl; 365.7-375.2 mbsf
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SITE 704

CORED INTERVAL 2895.5-2905.0 mbsl; 375.2-384.7 mbsf

CORE 41X

HOLE B

SITE 704

2
&=
g8
(-]
L
s
2t
. 88
§ T
] 8 b
T el
.
E M.Ec
@ a8
8 c —Yu
b= % -1
g E BES
o 9%&Q
3 @ M;‘.
¥ § 385
m ]
a mu..m
= esg
m s 2.5
2 = s8¢
W = Om.c
= wmo
zZ § =537
=
LERELLES

BIWNLINMLS “038

“ANNLSI0 DNITTIHG

._1__1__1*_|__|“_|__.+_J__l__l__L_I__|+_l__I*_..__..__[__I__I__l*_l__l_l_l__l__l___l__l__l__Iﬁ_l__.+_|+_|A_l+_l_

o WA A A A A A A S A T A A S A A A A A A A A A A A A A
e R R L N N I R R RN
e AR RAGAE SALA RERES R bl RAAA0 RN RALES RAAA RASEE LEAR RESAE AAEEE Rkl REELT TRARE RELEE RASE i Bad)

SIILHIJ0Hd “SAHd

viz=bf 0 55=0

SOILINDYNOI VG

BIOSTAAT . TONES

=[ =y ENERFPINEERCEIL

m SWOLYID Binel "g-rlypaisny sisdomnarjued
H (3NID0IW 3T10AIN) Pauozun

m SVIBSTIONNIN vL-4L NN

2 | suzamimvuos INIO0IN 3T10AIN-3N3J0IN H3ImO0T

LiNn 3204 -3AN1L

3N3J0IN ¥3ddn

3INIO0IN 3T0AIN

767



SITE 704

(R T ] ol S SIS N R e ERS IS BV R YR YR T

A O T T ) O Y N N N L T T T R R e )

BT

W
- ] M.ﬁ
5 53
5 i s
3 a8 4]
= E
: 5 5e
3 g B 57
© E - 22
ol i 5 §3
w : nm gg
m M ..nu mm . m-D EE _3%3-" | _9.
< g £ £4
> 3 @ 83. F go IEENEQYrEv
& w y §-8 2
\ N g Zaw W =
= S £ §8s 3 52 s
w = 3 Nn = 4 ms
5 B 2gds 8 B gES.e i
™ i 2 253 & G oTe2w S55
2 = =8 x Q@ £8gEggsssE,
2 2 5888 § % §gigessEas
P g O Fes 5§ ZLOBFERS2S
% 2 o 6 22 £Z6c663
=4 53mvs . * [g=]
N S3HN10NMLS "035
Wl eumsia snmige | — — — — — —— =
o LI T T 1 I Pl | | TS T N T T G SRR T S M T R I =0 ol ol il bay Ui 15k |
I A S A R
g
RN R R,
o su3ian ....-_G.m....m...__...__..___._.___....._...._.... ...._--.—........_..._....—..-__ﬁu.—-.-....._...._....
m NOILDES - ™~ ©r - o o ™~ W
AHLS INIHD
531143408 * SAHd o0 z=bf ciog=p
bl T E———
w g saviEmd 3IN320IN 301N
m mw SAOLYIO ejne; ~g-'1pajsny hwﬁ&.b..ﬁ_b__utﬁﬁ
Lw_ SNY IHYI010VY (IN3ID0IN 31A0TIW) PRuozZun
S| 3 [sussosmmm Vi-¢L NN
~ mm FURLINHY IO INID0IW 3T1QAIW-INIO0IN H3IMOT
= 3N3001W 31001
o




r_

B W B W W N Y

_ .
RN R e YN N R BASET S I Sl g'ﬂl

e ..n_‘ﬂ ! _ # : & ; {= ol Lr .r

k) "ms‘. 'Hw.“._:.ﬂ!!‘ ‘._rl.a ﬂu._ ‘_i.a

&
- o
8 g
E =3-1
. 5
o -
o
o L]
3 3 £
o " == S
- 2 |2nm Q.
o 5 i
P & .
w
- s ]
E g 8
o 2 £ 3 3
=+ E Mu .m m ..nw
& 5 & 22 F o BOE®
o 4§ 358 3
w° g & mmm 2
L3 = m me w =
2 45258 3 2¢%¢
: 235 2 8 &2
3 2 = 858 § 8 3Efe
= Z 5 =R= uw = c=355
z 3 5 8 23ds
.M S3NdmvE *
a S3WNLONELS “035
% "AENLSIT NG |— — — ——— —— — — — — — —— — —
& Fe W ol ol 0o iby Vi 1 T Ty, Vo - T a1 . m, .. I F_T.7T. 4
o \ '
vE 144444 o_;¢1..._ ...._.___..L_+."..+.__ .
-+ I A I IR I T 2l | :
B i 1 il s +-_m._ L_ln_-‘__..*._._; s
3l %5 dA 4444 A A A A A A A A 4444
- ________ur-__.- --‘.-_-—-1- --—--“-_- -_-—q—..-j—._..- .-_..“-..-—_--_- --—q -—v—____
w SyILIN b
o L =
W NOIL335 - ™~ ] - w w
LHLSINIMD
SI1LUI40H " SiHa vUzeby v 0s=9
o
SHAINIYHOI WS
w N
H D ENEECIRERGIT
n.m SHYIEYI010YY Bne| g-114paisny sisdonaiuag
p:S § § |s1as0somm (INID0IW 3T70AIN) pauozun
= & O | su3dmiwenos rl-4L NN
s
=1 wmnn w20u-3m0L 3N3020IN 30QIW - 3INITJOIN HIMOT
®

769



SITE 704

IS O ol S T T 1350, (6 00 [ 1 00 T G G| T ) S () R e =3 e |1 d |

3 e — A A e i | i i — BT T il el i G — - . 2 1

S Y PR BT R $ 1S AN 51 W 0 e I

" R — e = il I 25

.I..llinﬁi#“wm!!ﬂﬂm‘iinuﬁllgaillill’ililu

INESRNREERE A E D 0
N O W o WwowOoIIno
DO O DS = N NN RN
g i3
% % z s
2 2 § = 3%
o
i o m 8 g2
o © = -2
s o
s 3 =5 m.m
L} m 3
o z P z ¢ o mm
<+ 2 © o = H a
L3 o o Y = o E
e g - & 8 28
= # . 8 2q go
g - g gt 82
c £ g e 58 of8
o S 0 2 % 3c fg2
o T x x 2 8% 29¢
o L2 o g 2 2o
» ] N 2 lnmu-u.a.ﬁ..
o < 8 2 assz
n (=] <) %2 R@EE
z 3 7 2 9§ Se8s
— o~ ]
o o m 3 ..ml._ m\u“m
o . N L oo TF TR2E
= < - 2 = S5 25 z
= o b zZ a8 =2 sag2
> ©w > =
[ T
] ]
m S3anvs .M S3T4NYS
M S3WNLINELS “035 N SIWNLINHLS ‘035
W] cewnusiaowmmmo 4 — — ﬁ ‘gENLSIa ONITIEG O O— —
w 1 1 Foly b b by §ood m .1 111 . 1. 1. 1 171
& | it % |3
R F KRR I T M
8 - ! ] | -
5 5 A4 AAAAAA 44 % - A A A A A
-+ | | | | | | | R -+ 4 | | | | |
--_-_-—--— -____________ TTT r -r..- --—--
i ECETET W e
3 o« 2 = -
m NOILIIE ~ w o4 W NO11238 - ™~ o)
AHLSIMIND AHLS IWIHD
S311MI0HS ' SHA S31143d0Nd BAMd srzby zees-¢
a £21LIND YOI TYe ® $3113NBYNOI VS
o I o £ S3LY TV 3INIO0TW 3Ta0IN
= mm SNOLYIa W MM SMOLYIO eyne| "g-11pajsny srsdonaliuag
- 7 | swvimvaciovs = & | swvvioiave (IN3J0IW 3TQAIW) pauozun
- -
_.M.. £ 2 [snssosonnv — £ 2 [sussoomnm vi-4L NN
w o
5 2 [ suasmimenos ™| 5 8 [susmmvios 3NID0IN_370QIW-3NIV0IN HIMOT
_._H._ LINN AD0H-3WIL % LINM 430H -3NIL 3N300IW 3T0Q0IW
n w

770



ILL

SITE 704 HOLE B CORE 45X CORED INTERVAL 2933.5-2943.0 mbsl; 413.2-422.7 mbsf
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SITE 704 HOLE B CORE 48X CORED INTERVAL 2962.0-2971.5 mbsl; 441.7-451.2 mbsf
BIOSTRAT. ZONE/ .
© |rossiL cuanacrer |, | 8 g a
ol =
MAE HEEHE 5|2
g | HE =§ § B iy ; 2 " LITHOLOGIC DESCRIPTION
e | Z =|w|.= = =
v 13|82 F= B .2 - S|e
HHEHHE EHHEE: 3518
HHHHHEHBHEE HEE
1= oI =
o s 3 ? NANNOFOSSIL 00ZE
1 Sl L Drilling disturb Soupy In Section 1, 0-15 cm; slight In Section 1,
05— L _I_—'— 15-30 cm, and Section 3, 0-20 cm.
w LS [ [ SO Maijor lithology: Nannofossil coze, light greenish gray (SGY 7/1) to
w ol = A= while {no color code). Pyrite(?)-bearing spot in CC, 15 cm.
ol |35 o 1
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SITE 704 HOLE B CORE 49X CORED INTERVAL 2971.5-2981.0 mbsl; 451.2-460.7 mbsf

BIDSTRAT, ZONE/ - 5
£ | FoSSIL CHARACTER W o | g
H HE HH
2|3|2 ElE 5|2
g |¥ A EHHE e 1213 LITHOLOGIC DESCRIPTION
gz HEE FI g (o8
THHHHEHEHRE 24|3
HHEHEEHEHER £|8
i NANNOFOSSIL CHALK
= I Sl i Modasiat g
s o el Drilling n
i I L Major lithalogy: Nannofossil chalk, light greenish gray (5GY 7/1). Dark
4+ gray (N4) laminae in , 105-150 cm, and Section 5,
Fy I I 140-150 em.
150 [N Sl B
4+ L Minor lithology: Nannofossil ooze, white (5Y 81), with indurated chalk
1L i L clasts in Section 1, 42-44 and 122-124 cm.
S oy Bioturbation: Minor in the chalk. Zoophycos In Section 2, 98 and
. 116 cm; and Chondrites in Section 4, 105-150 cm, and Section 5,
e T 140-150 cm.
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SITE 704 HOLE B CORE 50X CORED INTERVAL 2981.0-2983.0 mbsl; 460.7-462.7 mbsf
BIOBTRAT. IONE/ .
= |rossiL characrer |, | © E
z 8|E 5|
MHEHEBEHE HE
w5 2 Pl GRAPHIC ale
g ; § E g =§ ? & 3 LITHOLOGY e E o LITHOLOGIC DESCRIPTION
P 2 & L |2 2 S|
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ST MICRITE-BEARING NANNOFOSSIL CHALK
-3 i = T |
2 S L1 —L Drilling disturbance: Biscuits.
w "’ yles4—— 1 1+ L
5 " Ei =t Major lithology: Micrite-bearing nannofossil chalk, white {no color code).
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SITE 704 HOLE B CORE 54X CORED INTERVAL 3011.5-3021.0 mbsl; 491.,2-500.7 mbsf
BIOSTRAT. ZONE/ & 3
§ FOSSIL CHARACTER | , | w gs\ E
- 4 = -
= | g @l E
g E g g ‘55 % & 2 it ; § & LITHOLOGIC DESCRIPTION
MHHEHE HRHEE: 3;5
- - =
A HEHEHHEHEHEE |8
ey o MICRITIC NANNOFOSSIL CHALK (INDURATED)
- L 1 1
o.s—. - L - - - 1 j: Drilling disturbance: Biscuiting in Sections 1, 4, 6, and 7.
1 ] il » Major lithology: Micritic nannofossil chalk, white (no color code and
% rsarraTe 4 5Y 811), gray (N6}, light gray (N7); minor bioturbation, mainly
1.0 THSSTE—— Zoophycos.
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SITE 704 HOLE B CORE 56X CORED INTERVAL 3030.5-3040.0 mbsl: 510.2-519.7 mbsf

BIOSTRAT, ZONE/ ?
£ | FossiL cramacren |, | @ A
H plole ag & %
|83 H :-_'g E - GRAPHIC = i e ERCRIBTION
213|12|2|al,3 I|E|® z| o Lithooey | @ & LiTHOLOG
AHHEHEHAHEE: 3|
HHHEHEHEEFE i|§
Fle|2|Z|a|a2E|E w| ¥ a o
b YRR B O MICRITIC NANNOFOSSIL CHALK (INDURATED)
0!_5 f : 1 = 1 = 1 i Drilling disturbance: Fracturing and biscuiting throughout.
1 s s 1 . L ard Majer lithelegy: Micritic nannofossil chalk, white (5Y 81, 10YR &1)
AR and light gray (5Y 7/1). Mi ross-laminae in S 4, 37-68 cm,
\ e indicating turbidite. Bioturbated through mainly Zoophy and
f Sr—— Planolites.
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SITE 704 HOLE B CORE 57X CORED INTERVAL 3040.0-3049.5 mbsl: 519.7-529.2 mbsf
BIOSTRAT . ZONES
'?‘. FOSSIL CHARACTER a E g @
< |2l3|g| |gE|s HE
@l = GRAP -
g|%18|z . ..:E gle Rt s 2. LITHOLOGIC DESCRIPTION
mEHEEHE HHEEEE HHE
! HE El = :,q; = o 2lala
R HE R IE HELE
-
'f‘_ TR MICRITIC NANNOFOSSIL CHALK (INDURATED)
% B
mz . Drilling disturb Biscuiting and fi ing through
, ]
g 1 et Major lithology: Micritic nannofossil chalk, white (no color code and
ey ] TR 5Y 8/1) and light gray (5Y 7/1). M Section 1 and
Qe Fb ¢ Section 2, 0-100 cm.
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SITE 704 HOLE B CORE 59X CORED INTERVAL 3059.0-3068.5 mbsl; 538.7-548.2 mbsf
. | prosTaaT. zones i .
© | FossiL cHaRACTER &
AnaneeHE § g
H wl g GRAPHIC H
g £lg g i Kk E N p | oo ; § i LITHOLOGIC DESCRIPTION
T | 3 3 pri H K =
HEHH: HEHEE ;:5
BEHEHHEBEHBEE R g8
=L MICRITIC NANNOFOSSIL CHALK (INDURATED)
- Drilling disturb Biscuited and fractured through
05— i 11
. e g Major lithology: Micritic nannofossil chalk, white (10YR 8/1),
1 s " bioturbated throughout.
1 1 1
3 s srmrasr—n i Minor lithology breccia in Section 1, 10-15 cm.
1 -1 1 L 1 vJ—
o o = oy SMEAR SLIDE SUMMARY (%):
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w o 0 COMPOSITION:
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ol=z|& w . RSl | glass 4 T
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SITE 704 HOLE B CORE 60X CORED INTERVAL 3068.5-3078.0 mbsl; 548.2-557.7 mbsf

BIOSTRAT. TONE/
FOSSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

LLATES
PALEOMAGNETICS

TIME- ROCE UNIT
FORAMINIFERS
NANNOFDSSILE
RADIOLARIANS
DIATOMS

FLNGR

PHYS. PROPERTIES
CHEMISTRY
SECTION

SED. STRUCTURES
SAMPLES

MICRITIC NANNOFOSSIL CHALK (INDURATED)
Drilling disturb Biscuited and | d th h

Major lithology: Micritic nannofassil chalk, white (10YR 8M1) and light
gray (5Y 7).

SMEAR SLIDE SUMMARY (%):

1,106 6,20
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COMPOSITION:

Clay

Volcanic glass

Accessory minerals:
Opaques

Foraminifers

Nannofossils

Diatoms

Micrite
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SITE 704 HOLE

B

CORE

62X

CORED INTERVAL 3087.5-3097.0 mbsl; 567.2-576.7 mbsf

TIME- ROCK UNIT

BIOSTRAT. ZONE/
FOBSIL CHARACTER

FORAMINIFERS
NANNOFOSSILS
RADI OL ARIANS.
DIATOMS
Bl iaTes
PALEOMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

BECTION

METERS

GRAPHIC
LITHOLOGY

BED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

LOWER MIOCENE
UPPER OLIGOCENE

)

P21b | UPPER OLIGOCENE -
LOWER MIOCENE P22 - N4 J

Rocella gelida

unzoned (LOWER MIOCENE)
Naviculopsis biapiculata (LOWER MIOCENE)

C. abisectus Zone - NN 4
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MICRITIC NANNOFOSSIL CHALK (INDURATED)

Drilling disturbance: and f 1 th

Major gy: Micritic fossil chalk, white (10YR 8/1) and gray
(10YR 711). M 1o highly bioturbated by Planolites, Chondi
and Zoophycos.

SMEAR SLIDE SUMMARY (%):
2, 80
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COMPOSITION:

Voleanic glass
Foraminifers
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SITE 704 HOLE B CORE 63X CORED INTERVAL 3087.0-3106.5 mbsl; 576.7-586.2 mbsf
BIDSTRAT. IONE/ e .
Y | FossiL cHARACTER al E w
z HE b
- |8l8]2 ol b 5 & -4 E
g |E|8|z HHEHE soctiy Sl Nl |- LITHOLOGIC DESCRIPTION
HEHHHAEHEHEE HHE
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S HEHE HEHE R E|8]3
e MICRITIC NANNOFOSSIL CHALK (INDURATED)
- A I i
1 R + Drilling disturbance: Bi and fractured
05— 1 A .
1 e ur ey I Majar lithology: Micritic nannofassil chalk, white (10YR 81).
P T Bioturbated throughout by Planoiites and Zoophycos.
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586.2-595.7 mbsf

CORED INTERVAL 3106.5-3116.0 mbsl:

CORE 64X

HOLE B
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SITE 704 HOLE B CORE 66X CORED INTERVAL 3125.5-3135.0 mbsl; 605.2-614.7

BIOSTRAT. ZOMNE/ 5
E | rossiL cHaracter | | 8 2le
5 o | @ :-: = ]
3¢ i g Elils o | 3|5 LITHOLOGIC DESCRIPTION
5592,,‘:2{;! LITHOLOGY gf‘_'u
-s;ssggs.ses K
THHHEE HAHEE FIHE
Fle|Z|2|c|a2|a|E|5|8| 5 B
a e T i- MICRITIC NANNOFOSSIL CHALK (INDURATED)
© ]
i N s ) O e 1 Drilling disturbance: Bi and 4 through
o b 085+ 1 1 1 1)
Q Cig prhmi—t Major lithology: Micritic nannofossil chalk, white (10YR 8/1). Planolites
o I |- CC a e and Zoophycos burrows.
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SITE 704 HOLE B CORE 67X CORED INTERVAL 3135.0-3144.5 mbsl; 614.7-624.2 mbsf
BIOSTRAT. ZONE/ - .
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AHEE §'§' g sowe | 2 ; LITHOLOGIC DESCRIPTION
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o —=— MICRITIC NANNOFOSSIL CHALK (INDURATED)
&l e B R Dritling -
[3] o oS4 1 1 1 |
8 n&‘ \ P . Maijer litholagy: Micritic nannofossil chalk, white (10YR &/1).
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SITE 704 HOLE B CORE 70X CORED INTERVAL 3163.5-3173.5 mbsl; 643.2-652.7 mbsf
BIOSTRAT. ZONE/ - .
§ FOSSIL CHARACTER nl¥ g @
< 8|28 |glg|E 8|
§ g g g N .E§ § E 8|4 L‘[‘:"‘;_“.j:' ; E " LITHOLOGIC DESCRIPTION
il HHEHEHE Zl=
AHHEHEEHEHEE s
HAHHHEEHBEHEE sﬁg
w " VST -{— MICRITIC NANNOFOSSIL CHALK (INDURATED)
w n « % I
u e e . . ’ e
8 . o I:I.SJ AI_L ——L ] | Drilling Bi and g
Sle 4 1 MJ_ Maijor lithology: Micritic nannofossil chalk, white (10YR 81).
al= L O Ll L)
E o 7~ I L Minor lithology: Pebbles mixed with nannofossil ooze in Section 1,
Zlclal | - 1oe e L 20 112cm ¢
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SITE 704 HOLE B CORE 71X CORED INTERVAL 3173.5-3182.5 mbsl; 652.7-662.2 mbsf
BIOSTRAT. TONE/ s
£ |Fossic cramacren |, | £ gla
3 g|E 2|8
S E ; H i g GRAPHIC HE
§ < g -E‘ ¢ ‘ig g é g| o | umetoer ; § # LITHOLOGIC DESCRIPTION
B 2 i 2= Sl=
A HEHE EHEHE: 3lz(8
Fl2|z|2|a|a|T| |58 % B
E—— MICRITIC NANNOFOSSIL CHALK (INDURATED)
[ |
- e e 1 Drilling Bi and 9
~ 1 H———L Malor lithology: Mieritic nannotossil chalk, white (10YR 8/1) to light
2. b T 1 1 gray (10YR 7/1).
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SITE 704 HOLE B CORE 72X CORED INTERVAL 3182.5-3192.0, mbsl; 662.2-671.7 mbsf
BIOSTRAT. ZIONE/ .
£ | FossiL cHaracten |, | & gla
£ ol E 5| W
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§ E E] g Eg glE z pniptis ; 2 5 LITHOLOGIC DESCRIPTION
= et B » 3
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B HEHEBEHHEIEE |83
¢ e i MICRITIC NANNOFOSSIL CHALK (INDURATED)
o ’: S 1 Drilling disturbance: Bisculted and fractured throughout.
F- L A ue
o 1 ] = 4 " : : L Major lithology: Micritic nannofossil chalk, white (10YR &/1) and light
o ¢ AT Wl gray (10YR 711)
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] - : - - reag i N Minor litholegy; Pebbles in Section 1, 0-5 cm.
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