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8. SITE 701!

Shipboard Scientific Party?

HOLE 701A

Date occupied: 4 April 1987

Date departed: 6 April 1987

Time on hole: 1 day, 18 hr

Position: 51°59.076'S, 23°12.736'W

Bottom felt (rig floor; m; drill-pipe measurement): 4647.2
Distance between rig floor and sea level (m): 10.50

Water depth (drill floor measurement from sea level; corrected m):
4636.7

Total depth (rig floor; corrected m): 4722.0
Penetration (m): 74.8

Number of cores: 8

Total length of cored section (m): 74.8
Total core recovered (m): 69.66

Core recovery (%o): 93

Oldest sediment cored:
Depth sub-bottom (m): 74.8
Nature: ash- and mud-bearing diatom ooze
Age: late Pliocene
Measured velocity (km/s): 1.52

HOLE 701B

Date occupied: 6 April 1987

Date departed: 8 April 1987

Time on hole: 19 hr

Position: 51°59.0775'S, 23°12.735'W

Bottom felt (rig floor; m; drill-pipe measurement): 4647.2
Distance between rig floor and sea level (m): 10.50

Water depth (drill floor measurement from sea level; corrected m): 4636.7
Total depth (rig floor; corrected m): 4850.2

Penetration (m): 203.0

Number of cores: 14

Total length of cored section (m): 133.0

Total core recovered (m): 96.36

Core recovery (%): 72

Oldest sediment cored:
Depth sub-bottom (m): 203.0
Nature: clay-bearing diatom ooze
Age: late Miocene
Measured velocity (km/s): 1,55 at 188 mbsf

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

2 Shipboard Scientific Party is as given in the list of Participants preceding the
contents with the addition of M. Perfit, Department of Geology, University of
Florida, Gainesville, FL 32611.

HOLE 701C

Date occupied: 8 April 1987

Date departed: 11 April 1987

Time on hole: 4 days, 6 hr

Position: 51°59.085'S, 23°12.700' W

Bottom felt (rig floor; m; drill-pipe measurement): 4647.2
Distance between rig floor and sea level (m): 10.50

Water depth (drill floor measurement from sea level; corrected m):
4636.7

Total depth (rig floor; corrected m): 5128.6
Penetration (m): 481.4

Number of cores: 51

Total length of cored section (m): 481.4
Total core recovered (m): 331.14

Core recovery (7): 68

Oldest sediment cored:
Depth sub-bottom (m): 471.8
Nature: indurated nannofossil chalk
Age: early middle Eocene
Measured velocity (km/s): 1.6 at 441.4 mbsf

Basement:

Depth sub-bottom (m): 471.8-481.3 from Core 114-701C-52W, which
recovered basalt from the lower interval of Core 114-701C-51X
where a bit was destroyed

Nature: variably altered amygdaloidal olivine basalt

Measured velocity range (km/s): 5.0

Principal results: Site 701 is on the western flank of the Mid-Atlantic
Ridge (51°59.07'S, 23°12.73'W, in a water depth of 4636.7 m),
about 160 km east of the Islas Orcadas Rise on oceanic crust of mid-
dle Eocene age (Chron C22). The major objective of this site was to
obtain a continuous sediment record of the development of an oce-
anic gateway for deep circulation between the South Atlantic and the
Weddell Basin. In conjunction with the shallower Sites 699 and 700,
Site 701, which is situated within the gateway, provides the basis for
interpretation of the history of deep-water circulation through the
gateway as a result of its increasing width and the subsidence of the
surrounding seafloor. In addition, Site 701 and other Leg 114 sites
provide the opportunity to evaluate the development of vertical tem-
perature gradients during the Paleogene.

Site 701 consists of three holes: Hole 701A, with 8 cores obtained
with the advanced hydraulic piston corer (APC) to a depth of 74.8
mbsf for a recovery of 69.66 m (93.1%); Hole 701B, with 10 cores
obtained with the APC and 4 cores with the extended core barrel
(XCB) system between 70 to 203 mbsf for a recovery of 96.4 m
(72.5%); and Hole 701C, with 24 cores obtained with the APC and
27 with the XCB system, penetrated to 481.3 mbsf for a recovery of
331.1 m (68.8%). A flared XCB bit prevented retrieval of the core
barrel after penetration of a hard layer. Subsequent preparations to
log through the pipe were abandoned after the drill string temporar-
ily became stuck above the jars.

The stratigraphic section at Hole 701C consists of 400 m of
mostly biosiliceous and diatom ooze, siliceous clay/mud, and clay-
bearing diatom ooze overlying a 72-m-thick sequence that shows in-
creasing carbonate content with depth. The dominant lithologies
and ages of the stratigraphic sequence are as follows:
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SITE 701

0-145.5 mbsf: diatom ooze, mud-bearing diatom ooze, and mud-
dy diatom ooze with intervals of dispersed ash and numerous dis-
crete ash layers. Ice-rafted detritus is present throughout this unit of
late Miocene to Quaternary age.

145.5-176.8 mbsf: a late Miocene age monospecific diatom ooze
with an interbedded sand and gravel unit containing quartz, biotite,
metapelites, iron-coated schists, pumice, and mud clasts.

176.8-243.8 mbsf: clay- and mud-bearing diatom ooze of middle
to late Miocene age. Volcanic ash is present as discrete and dissemi-
nated horizons throughout this unit.

243.8-395.15 mbsf: diatom-bearing mud/clay and siliceous mud/
clay with altered ash horizons throughout. This unit is of early to
middle Miocene age.

395.15-452.8 mbsf: alternating intervals of nannofossil ooze, si-
liceous ooze, and clay of middle/late Eocene to late Oligocene age.

452.8-481.3 mbsf: indurated nannofossil chalk of early to late
middle Eocene age.

481.3-481.47 mbsf: a single piece of variably altered amygdaloi-
dal olivine basalt with quenched textures (MORB).

The sedimentary record of Site 701, the only Leg 114 site under
the influence of Antarctic Bottom Water (AABW), differs signifi-
cantly from the previous sites, which are under the influence of Cir-
cumpolar Deep Water (CPDW). The Neogene sequence is thicker,
and the Paleogene is more attenuated than at the previous sites. The
biogenic sedimentation was dominantly calcareous during the mid-
dle Eocene and biosiliceous in the late Eocene-Quaternary. After a
brief interval of sedimentation above the carbonate compensation
depth (CCD), a lengthy period of deposition occurred first below the
CCD and later south of the carbonate productivity zone. Siliceous
microfossils provide a detailed biostratigraphy of the Neogene that is
complemented by a paleomagnetic record of the Brunhes Chron to
chron C3AR. Biostratigraphic resolution of the middle Eocene to
early Oligocene is provided by calcareous and siliceous microfossil
groups.

Two hiatuses occur within the Paleocene section of Hole 701C.
One hiatus includes the upper middle Eocene and possibly the lower-
most upper Eocene for an estimated maximum duration of 7.0 m.y.
(~46.0-39.0 Ma) to a minimum of 2.4 m.y. (~42.3-39.9 Ma). The
second Paleogene hiatus encompasses the upper lower Oligocene
and upper Oligocene, with a maximum duration of 11.6 m.y. (35.0-
23.4 Ma) to a minimum of 8.6 m.y. (32.0-23.4 Ma). Given the un-
certainty of the age range of these hiatuses, sedimentation rates for
the intervening upper Eocene-lower Oligocene are within a range of
8 to 15 m/m.y.

A minimum of three hiatuses were detected within the Neogene
sequence of Holes 701A, 701B, and 701C. The oldest of these in-
cludes the upper lower Miocene and most or all of the upper Mio-
cene, with a maximum duration of 7.6 m.y. (~19.0-11.4 Ma) and a
minimum of 4.6 m.y. (~19.0-14.4 Ma). A second Neogene hiatus
occurs within the upper Miocene, representing a period of approxi-
mately 2.3 m.y. (~8.7-6.4 Ma). Another brief hiatus occurs within
the upper Pliocene between ~3.0 to 2.5 Ma.

Neogene sedimentation rates were highly variable. Although bio-
stratigraphic control is poor for the lower Miocene (Subunit IIB),
there is little doubt that the sedimentation rate was very high, as
much as 68 m/m.y. Following the resumption of deposition after
formation of the lower Neogene hiatus, sedimentation rates were
much lower (9-14 m/m.y.) during the middle to early late Miocene.
The mean sedimentation rate for the late Miocene through early Pli-
ocene was ~ 19 m/m.y. After the formation of the Gauss Chron hia-
tus (~3.0-2.5 Ma), sedimentation rates averaged ~28 m/m.y. for
the remainder of the late Pliocene-Quaternary.

The sedimentary record of Site 701 documents the opening of the
deep-water gap between the Islas Orcadas and Meteor rises and the
accompanying changes in benthic circulation. Nannofossil coze be-
gan accumulating over basement during the initial stages (early mid-
dle Eocene) of the opening of the passageway between the rises. At
this time, current intensity was low as a consequence of the still weak
latitudinal temperature gradients, which allowed the deposition of
warm-water assemblages of planktonic foraminifers and calcareous
nannofossils above the CCD. A major increase in benthic current ve-
locity took place between the middle middle Eocene and late Eo-
cene, resulting in a 2.4-7.0-m.y. hiatus, Deposition was renewed by
40 to 39 Ma; however, sedimentation was slow and probably discon-
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tinuous, which resulted in an accumulation of only ~60 m of upper
Eocene to lower Oligocene sediment. Late Eocene subsidence of the
site below the CCD (to 4000 m by the early Oligocene) led to the last
consistent occurrence of foraminifers and calcareous nannofossils at
this time. A thick sequence of biosiliceous muds and clays overlies
the attenuated upper Eocene-lower Oligocene sequence. A signifi-
cant increase in sedimentation rates during the late Oligocene at
Sites 699 and 701 is attributed partially to a higher rate of terrige-
nous supply by CPDW and AABW. The formation of a deep-water
gap in the Drake Passage led to the development of a true Antarctic
Circumpolar Current (ACC) by the early Miocene. Shortly after the
earliest Miocene northward advance of the polar front (Site 699), a
regional hiatus was formed between lower Miocene to upper middle
or upper Miocene sediments. This hiatus is found at Sites 699 and
701 and other regional sites, which suggests an age-equivalent in-
crease in the intensity of CPDW and AABW.

The almost uninterrupted late Miocene to Quaternary sedimen-
tation at this site contrasts greatly with our previous sites, which are
under the influence of CPDW, indicating that CPDW was a more ac-
tive agent of erosion or nondeposition than AABW. Discrete and
dispersed volcanic ash occur throughout the upper Miocene-Quater-
nary in such quantity to indicate that this atmospherically trans-
ported ash may have had a significant impact on antarctic climate.

BACKGROUND AND OBJECTIVES

Site 701 (Fig. 1) is about 160 km east of Islas Orcadas Rise
and 350 km south of the Falkland Fracture Zone at 51°59.08'S,
23°12.73'W, in a water depth of 4636.7 m. The site is on middle
Eocene oceanic crust generated at the Mid-Atlantic Ridge. The
major objective of Site 701 was to obtain a continuously cored
sediment record of the development of a deep-water oceanic
gateway between the South Atlantic and the Weddell Basin (Fig.
2). In conjunction with Sites 699 and 700, the sediments at Site
701 provide the basis for interpreting the history of deep-water
circulation through the gateway as a result of its increasing
width and the subsidence of the surrounding relief. Site 701 is
crucial in interpreting the paleoceanographic history of this tele-
connective passageway and its influence on the paleoenviron-
ment to the north and south because it was the only site drilled
within the gateway during Leg 114.

The acoustic signature of the sediments above oceanic crust
east of the Islas Orcadas Rise is characterized by a lower trans-
parent unit with deep and irregular incisions cut into its upper
surface. The overlying, well-stratified unit comprises about two
thirds of the total section but has a very irregular lateral distri-
bution (Fig. 3). The seismic data evidence a dramatic change in
the depositional regime in which deposition of the upper strati-
fied unit was cut by a major erosional event. The large and ir-
regular, but smooth, lateral changes in the thickness of the up-
per stratified unit are characteristic of sediments laid down un-
der the influence of strong bottom currents. The crests of in-
dividual sediment lenses within the irregular basement topogra-
phy have remained stationary or migrated only slightly with
time (Fig. 3). Thus, the temporal and spatial pattern of bottom-
water flow has therefore remained rather stable since the onset
of any significant bottom circulation.

Site 701 occupies a similar position with respect to the present-
day interaction of antarctic and subantarctic surface-water
masses at the Antarctic Convergence Zone (ACZ), as described
previously (“Background and Objectives” section, “Site 698"
chapter, this volume). Present-day seasonal variations of the
ACZ occur over the site, allowing for limited biogenic carbonate
production in the surface waters. Little Neogene carbonate sedi-
ment was expected at this deep site (4636.7 mbsl) because it had
remained below the CCD and south of or very close to the ACZ
during most of this time (Ciesielski and Weaver, 1983; Ledbetter
and Ciesielski, 1982).

Site 701 is presently within one of the two principal avenues
for the migration of AABW from the Weddell Sea and Scotia
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Figure 1. Location of Site 701. The bold line indicates the location of the seismic profile in Figure 3. Bathymetry in

meters.

Sea into the Argentine Basin. One of the principal paths of
AABW northward to the Argentine Basin is through the East
Georgia Basin, where it flows as a deep western boundary un-
dercurrent below the 4000-m isobath of the eastern flank of the
Northeast Georgia Rise (Ledbetter, 1986). A second minor branch
of AABW enters the South Sandwich Basin through the Bullard
Fracture Zone and continues northward along the eastern flank
of the Islas Orcadas Rise to the eastern extremity of the Falk-
land Fracture Zone (Ledbetter and Ciesielski, 1986; Ledbetter,
1986). Site 701 is in close proximity to this eastern, weaker
branch of AABW, which flows as a deep western boundary un-
dercurrent along the eastern flank of the Islas Orcadas Rise.
Geophysical data indicate that prior to the formation of the
gateway between the Islas Orcadas Rise and the Meteor Rise, a
major impediment existed to bottom, deep, and intermediate
water-mass exchange between the antarctic and South Atlantic
basins. During the Late Cretaceous-Paleocene to early Eocene,
a system of linked bathymetric highs extending from South
America to Africa interfered with oceanic exchange. Barriers to
circulation at this time were, from west to east, the Falkland
Plateau, Falkland Fracture Zone, Northeast Georgia Rise, Islas
Orcadas Rise, Agulhas Fracture Zone, and Agulhas Plateau.
The Falkland-Agulhas ridge system remained relatively shallow
through much of the Paleogene, restricting meridional deep-wa-

ter exchange in a manner analogous to the Iceland-Greenland-
Faeroe Ridge in the North Atlantic. During the Eocene a breach
began forming in the Falkland-Agulhas Ridge system as the
Islas Orcadas Rise and Meteor Rise began rifting apart, result-
ing in the formation of a 4000-m-deep gap by the early Oligo-
cene. The major purpose of Site 701 was to provide a geologic
record of this important deep-water passage.

A number of late Paleogene to Neogene tectonic events prob-
ably influenced the nature of the sedimentary record at Site 701
as a result of their influence on the intensity of the flow of
AABW or its precursor “pre-AABW.” These events were re-
viewed in previous site chapters (see “Background and Objec-
tives” section, “Site 699" chapter, this volume) and include the
opening of the Drake Passage (23.5 + 2.5 Ma; Barker and Bur-
rell, 1977, 1982), north-south extension of the Central Scotia
Sea (21 to 6 Ma; Hill and Barker, 1980), dispersal of the North
Scotia Ridge (late Oligocene to late Miocene; Barker et al.,
1984), and the development of back-arc extension in the East
Scotia Sea and eastward migration of the Scotia arc (8 Ma to
Present; Barker and Hill, 1981). These events have both im-
peded and enhanced the circulation of AABW and may be re-
lated to the temporal distribution of Neogene hiatuses, changes
in sedimentation rates, and fluctuations in biogenic and terrige-
nous sedimentation.
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Figure 2. Reconstruction for the late Paleocene and middle Eocene with locations of Leg 114 drill sites. From
OMD Region 13 synthesis (LaBrecque, 1986).

The specific objectives for Site 701 were:

to obtain a sediment record in the older portion of the deep-
water gateway between the Islas Orcadas Rise and Meteor Rise
to examine the deep-water exchange between antarctic and lower

latitude water masses of the Atlantic;
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to document the development of the ACC and the southern
high-latitude biosiliceous province;

to document the influence of the opening of the Drake Pas-
sage on the paleoceanography in the South Atlantic sector of
the Southern Ocean;
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Figure 3. Single-channel seismic-reflection profile (Polar Duke cruise 0186) from Islas Orcadas Rise to Site 701. Position of magnetic anomalies (21,
22, and 23) indicated by their respective numbers. Profile location shown in Figure 1.

to determine what influence Neogene tectonic events in the
Scotia Sea region had on deep-water circulation from the Wed-
dell Sea and Pacific Ocean through this gateway into the South
Atlantic;

to evaluate the Cenozoic evolution of latitudinal surface-wa-
ter mass temperature gradients and what the influence was on
the migration and evolution of planktonic biota;

to interpret the evolution of Paleogene vertical water-mass
structure during the Paleogene;

to calibrate subantarctic microfossil zonal schemes and da-
tums with the geomagnetic polarity time scale (GPTS);

to determine the age of basement to calibrate with the ex-
pected age based upon the anomaly pattern and thus confirm
the age and rate of the initial spreading that formed the gateway.

The drilling plan for Site 701 called for two holes: Hole
701A was to be cored with the APC to refusal, and Hole 701B
was to repeat the sequence of Hole 701 A and core the remaining
sequence to basement, using the APC and XCB systems. For
basement penetration, the Navidrill system was to be deployed
and tested. Two standard Schlumberger logging runs were plan-
ned using the stratigraphic and geochemical tools. Because of
drilling problems, three holes were drilled recovering two com-
plete sections with the APC/XCB systems to a depth of 202.46
m below seafloor (mbsf). Hole 701C extended beyond the total
depths of Holes 701A and 701B to basement at 481.3 mbsf
where a flared XCB cutting shoe and damaged bit prevented
further drilling. Logging was omitted because of poor hole con-
ditions (see “Operations” section, this chapter).

OPERATIONS

Site 701 was located on Polar Duke line 0186, about 6 nmi
east of the proposed site location (SA3A). This new location
was based on a seismic sequence that appeared to be more later-
ally uniform than that observed at the originally designated lo-
cation. The approach to the site and the geophysical survey were
hampered by strong following seas. During the turn to position
over the beacon, the ship rolled a hard 20°. By 1435 hr, 4 April,
the vessel was operating in dynamic positioning mode, and the
rig crew went to work.

After a slow, but safe, drill-string trip, Hole 701A was spud-
ded at 0430 hr, 5 April (Table 1), and we began some eventful
piston coring. Enormous swells, remnants of the storm we had
just sailed through that were fed from a lingering low-pressure
system hanging overhead, caused havoc with the piston coring
operation. The second and third cores required two wireline
trips to recover because the overshot shear pins failed. The pis-

ton corer shear pins were consistently sheared during deploy-
ment as well, even when three pins were installed. One core bar-
rel came up slightly bent, but operations continued amidst freez-
ing temperatures and snow flurries. A decision to temporarily
suspend coring operations might have been made if the forecast
had not called for several days of the same weather conditions.
Our only option was to continue coring. The hole was slowly
deepened until Core 114-701A-8H. This core barrel jammed
tightly downhole, and all efforts at freeing the barrel were un-
successful. After shearing the overshot pin twice and trying all
available options, the barrel showed no signs of coming loose.
Therefore, the pipe was tripped back to the vessel. The bit
cleared the mud line at 2225 hr and was on deck at 0630 hr, 6
April. The reason for the stuck barrel turned out to be a shear
pin stub wedged down beside the APC landing shoulder and the
outer core barrel landing/saver sub. Apparently the stub had
moved into this position after shearing during deployment.

Early that morning, while tripping pipe out of the hole, the
seas again calmed and weather conditions allowed the transfer
of the remaining ODP/SEDCO equipment from the Maersk
Master. This included a fuel hose borrowed for refueling from
the Sunny Trader, “yokohama” fenders that were used during
the refueling, and the massive iceberg tow rope used during Leg
113 operations.

After offsetting the ship 10 m to the east, the pipe was again
tripped to bottom, and Hole 701B was spudded at 1645 hr, 6
April. In an attempt to prevent or reduce the incidents experi-
enced in Hole 701A, the APC shear pins were knurled and then
peened to roughen the surface. These pins had to be installed
with a hammer, and no more lost or partially protruding pins
were experienced. In addition to eliminating the shear pin jam-
ming potential, the sand line operators were told to significantly
slow down in an attempt to minimize the surging and resultant
cyclical loading on the overshot and APC shear pins. This tech-
nique seemed to help dramatically, and as operations continued
in heavy swell conditions, the incidence of sheared overshot pins
was greatly reduced.

During the early morning hours of 6 April, the Datasonics
positioning beacon began acting erratically, and the signal de-
graded. We watched this condition closely because during the
previous evening there had been times when we had temporarily
lost acoustics, causing brief positioning problems. Thruster noise,
interfering with the acoustic signal, proved to be a persistent
nemesis throughout operations on this site. Although these par-
ticular problems did not reoccur after that night, by 0230 hr the
beacon was diagnosed as definitely defective, and a second bea-
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Table 1. Site 701 coring summary.

Local
Core Date time Depths Cored  Recovered  Recovery
no.  (Apr. 1987)  (hr) (mbsf) (m) (m) (%)
Hole TO1A:
1H 5 0515 0.0-8.3 8.3 8.30 100.0
2H 5 0R0O 8.3-17.8 9.5 10.10 106.3
3H 5 1100 17.8-27.3 9.5 9.64 101.0
4H 5 1400 27.3-36.8 9.5 5.44 57.2
5H ] 1507 36.8-46.3 9.5 9.47 99.7
6H 5 1625 46.3-55.8 9.5 9.98 105.0
TH -] 1805 55.8-65.3 9.5 7.10 74.7
8H 6 0730 65.3-74.8 9.5 9.63 101.0
74.8 69.66
Hale 7018:
IH 6 1910 70.0-79.5 9.5 9.67 102.0
2H 6 2035 79.5-89.0 9.5 6.34 66.7
JH 6 2205 89.0-98.5 9.5 8.50 89.5
4H T 0048 98.5-108.0 9.5 9.68 102.0
5H 7 0210 108.0-117.5 9.5 9.52 100.0
6H 7 0630 117.5-127.0 9.5 6.71 T70.6
TH 7 0900 127.0-136.5 9.5 8.77 92.3
8H 7 1040 136.5-146.0 9.5 8.37 88.1
9H 7 1230 146.0-155.5 9.5 7.62 80.2
10H 7 1627  155.5-165.0 9.5 3.19 33.6
11X ? 1810 165.0-174.5 9.5 0.11 1.2
12X 7 1955 174.5-184.0 9.5 310 326
13X 7 2240 184.0-193.5 9.5 5.82 61.2
14X 7 2359 193.5-203.0 9.5 8.96 94.3
133.0 96.36
Hole 701C:
IH 8 0330 0.0-6.3 6.3 9.57 152.0
2H 8 0500 6.3-15.8 9.5 8.70 91.6
3H 8 0630 15.8-25.3 9.5 9.82 103.0
4H 8 0900 25.3-34.8 9.5 9.97 105.0
SH 8 1030 34.8-44.3 9.5 9.99 105.0
6H 8 1410 44.3-53.8 9.5 9.61 101.0
TH 8 1540 53.8-63.3 9.5 6.60 69.5
8H 8 1700 63.3-72.8 9.5 10.06 105.9
9H 8 1845 72.8-82.3 9.5 7.54 9.3
10H 8 1955 82.3-91.8 9.5 8.86 93.2
HH 8 2140 91.8-101.3 9.5 9.92 104.0
12H ] 2257 101.3-110.8 9.5 5.29 55.7
13H 9 0040  110.8-120.3 9.5 8.80 92.6
14H 9 0205  120.3-129.8 9.5 8.89 93.6
I15H 9 0320  129.8-139.3 9.5 6.84 72.0
16H 9 0450 139.3-148.8 9.5 9.42 99.1
17TH 9 0620 148.8-158.3 9.5 8.73 91.9
18H 9 0750 158.3-167.8 9.5 2.54 26.7
19H 9 0925  167.8-177.3 9.5 2.43 25.6
20H 9 1120 177.3-186.8 9.5 8.32 87.6
21H 9 1255 186.8-196.3 9.5 4.16 43.8
22H 9 1407 196.3-205.8 9.5 9.73 102.0
23H 9 1516 205.8-215.3 9.5 7.84 82.5
24H 9 1720 215.3-224.8 9.5 9.88 104.0
25X 9 1945  224.8-234.3 9.5 7.25 76.3
26X 9 2130 234.3-243.8 9.5 2.01 21.1
27X 9 2257 243.8-253.3 9.5 5.16 54,3
28X 10 0045 253.3-262.8 9.5 0.61 6.4
29X 10 0220 262.8-272.3 9:5 9.59 101.0
30X 10 0330 272.3-281.8 9.5 0.50 53
3X 10 (450  281.8-291.3 0.5 8.90 93.7
12X 10 0610  291.3-300.8 9.5 9.24 97.2
13X 10 0815 300.8-310.3 9.5 0.37 3.9
34X 10 0920  310.3-319.8 9.5 9.53 100.0
35X 10 1020 319.8-329.3 9.5 9.59 101.0
36X 10 1130 329.3-338.8 9.5 225 23.7
37X 10 1300  338.8-348.3 9.5 6.28 66.1
38X 10 1535 348.3-357.8 9.5 1.96 41.7
39X 10 1700  357.8-367.3 9.5 0.48 5.1
40X 10 1835  367.3-376.8 9.5 0.12 1.3
41X 10 1950  376.8-386.3 9.5 5.40 56.8
42X 10 2155  386.3-395.8 9.5 2.12 2.3
43X 10 2312 395.8-405.3 9.5 9.713 102.0
44X 11 0030  405.3-414.8 9.5 9.68 102.0
45X 11 0140  414.8-424.3 9.5 9.59 101.0
46X 11 0310 424.3-423.8 9.5 4.87 51.2
47X 11 0425 433.8-441.3 9.5 9.69 102.0
48X 11 0545  443.3-452.8 9.5 0.26 2.7
49X I 0700  452.8-462.3 9.5 8.57 90.2
SOX 1 0840  462.3-471.8 9.5 1.66 17.5
51X 11 1135 471.8-481.3 9.5 0.14 1.5
481.3 331.06
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con was dropped to the seafloor as a backup. At 0330 hr the
vessel began positioning on the new beacon. Weather conditions
began moderating toward the end of operations at Hole 701B.
Hole 701B was terminated at 203 mbsf.

After offsetting the ship 10 m to the northeast, Hole 701C
was spudded at 0230 hr, 8 April 1987. Operating conditions for
Hole 701C were among the best experienced during the cruise.
Our perspective had evolved to consider 20-30-kt winds and 10-
15-ft seas to be good conditions for this time of year in the
South Atlantic.

The first day of piston coring operations at Hole 701C went
extremely well, coring nearly 111 m with 95% plus recovery.
Core quality was good and spirits were high. Exceptionally
good performance from all coring systems continued for the
next two days. The much-improved weather conditions were a
significant factor in the high quality of the operations. In an ef-
fort to maintain good hole conditions and thereby avoid a recur-
rence of the previously experienced failures, a program of spot-
ting high-viscosity mud pills was initiated. This appeared to be
working quite well as several coarse sand and gravel layers were
penetrated without any significant hole problems or fill encoun-
tered.

With the recovery of Core 114-701C-51X, from 481 mbsf,
the situation changed. The cutting shoe on this barrel was se-
verely worn. The check valve seat was found in the barrel and
the ball was missing. The driller acknowledged that a very hard
layer had been encountered approximately 2 m in on this core
run. The resistant formation was approximately 1 m thick and
required 45 min to penetrate. Earlier cores had been cut at 35
strokes per minute (spm), with 10,000-18,000-1b weight on bit
and 400-500-psi pump pressure. This core was cut with 18,000-
1b weight on bit but with 50 spm and 600-psi pressure recorded.
Immediately below this layer, the formation appeared to be-
come softer again. Some torquing was experienced, and recov-
ery in the barrel was a mere 0.14 m. Another XCB system barrel
was deployed to core into the softer material and see if we had
possibly broken through a sill or massive chert layer into sedi-
ment. Attempts at getting back down the original hole to total
depth were fruitless. The uppermost hard layer was penetrated,
but approximately 4 m off bottom all progress was halted. The
drill string began to torque up, and the barrel was found to be
securely stuck. All efforts to recover the barrel were unsuccess-
ful. Again, efforts to reach basement and deploy the prototype
Navidrill coring system were thwarted.

Because the hole was reasonably stable while drilling, we de-
cided to pull above the zone that had caused sticking problems
at the bottom (approximately 23 m) and then log through the
pipe. Only one suite of tools could be run, and we anticipated
that this would take approximately 12 hr. While pulling up to
the logging point and rigging the sheaves the pipe became stuck
above the drilling jars. After 15 min of working the pipe and
circulating, the drill string was freed; however, we decided that it
would be unwise to attempt logging through the pipe under
these circumstances. The logging tools were rigged down, the
hole was filled with weighted mud, and the pipe was tripped out
of the hole. At 2115 hr the bit cleared the rotary table. The bit
was found to be missing one cone, and the other cones were se-
verely damaged with most inserts either broken or missing. The
XCB wash barrel was in place, but retrieval was impossible be-
cause the cutting shoe was flared. After using a torch to cut off
the damaged XCB shoe, the barrel was retrieved and put aside
so the vessel could get underway for the next site at 0745 hr. We
made a pass over the beacon to supplement the poor geophysi-
cal records obtained during the rough weather upon arrival at
Site 701. Four hours were required to remove the core liner from
the damaged core barrel. A large chunk of basalt was found
wedged inside the core liner, which indicated that the hole had



indeed bottomed in basement or in a volcanic sill overlying
basement.

LITHOSTRATIGRAPHY

Three holes were drilled at Site 701 in middle Eocene oceanic
crust (anomaly 22) on the western flank of the Mid-Atlantic
Ridge. At Hole 701A, 74.8 m of lower Pliocene and Quaternary
sediment was penetrated (93.13% recovery). At Hole 701B, a
total of 203 m of sediment, ranging in age from late Miocene to
Quaternary, was penetrated (72.45% recovery). Hole 701C was
drilled to 481.3 mbsf, recovering 331 m (66.8%) of middle Eo-
cene to Quaternary sediment.

The stratigraphic sequence at Site 701 is divided into four
units based on compositional changes in lithology (Fig. 4 and
Table 2). Holes 701A and 701B penetrated only Unit I, whereas
Hole 701C recovered Units I through IV.

Unit I consists predominately of a diatom ooze with varying
admixtures of clay, mud, and volcanic ash (Fig. 5). It is further
divided into four subunits on the basis of pronounced lithologic
and paleontologic changes that are related to paleoenvironmen-
tal events. Subunit IA consists of an ash-bearing and/or mud-
bearing diatom ooze with discrete ash horizons and dispersed
ash throughout. Lithic clasts are embedded in the diatom ooze
and probably represent dropstones of ice-rafted origin. Subunit
IB is a pure diatom ooze composed of a nearly monospecific as-
semblage of a warm-temperate to tropical diatom, Bruniopsis
mirabilis. The Bruniopsis ooze is organic-carbon-rich (0.55%),
finely laminated, lacking bioturbation, and pyritic. Subunit IC
is a sand/gravel horizon that appears within the Bruniopsis
ooze. Subunit ID consists of a clay-bearing diatom ooze with a
typical subantarctic diatom assemblage.

The transition from Units I to II is marked by a change from
clay-bearing diatom ooze to diatom-bearing mud and by a de-
crease in the importance of volcanic ash. Subunit IIA is com-
posed solely of siliceous clay and mud, whereas Subunit IIB is
characterized by an admixture of siliceous microfossils, nanno-
fossils, and clay in varying proportions.

Unit III consists entirely of indurated nannofossil chalk di-
rectly overlying basement. Unit IV consists of a single, 8-cm-
long piece of amygdaloidal olivine basalt that was retrieved
from the last core barrel. It is uncertain whether this basalt rep-
resents oceanic basement or a sill.

Hole 701A

Subunit IA (upper part): Core 114-701A-1H to Section
114-701A4-8H, CC; Depth: 0-74.8 mbsf; Age: late Pliocene to
Quaternary.

Subunit IA consists of alternating horizons of ash-bearing
diatom ooze, mud-bearing diatom ooze, muddy diatom ooze,
and diatom ooze. Numerous subtle color changes reflect the rel-
ative importance of ash, mud, and diatoms. Ash horizons tend
to be dark gray (5Y 4/1, N4/), very dark gray (7.5YR 3/1),
greenish gray (5G 4/1), and olive gray (5Y 5/3). Mud-bearing
horizons are greenish gray (5GY 5/1, 6/1; 5G 4/1, 4/2, 5/1, 5/
2). Diatom oozes are olive gray (5Y 5/2, 5/3, 6/2), gray (5Y 5/
1), and light yellowish brown (2.5Y 6/4).

Discrete ash horizons, thicker than several centimeters, occur
at the following horizons: 52-62 c¢cm in Section 114-701A-1H-4,
14-21 cm in Section 114-701A-2H-4, 53-56 cm in Section 114-
701A-2H-6, and 122-130 cm in Section 114-701A-3H-5.

Dropstones and ice-rafted detritus of varying lithologies
(greenschist, quartzites, etc.) are found throughout the section.
Mottling, resulting from bioturbation, is very diffuse through-

SITE 701

out Hole 701A. As has been observed in virtually all Leg 114
APC cores, the top part of the first section of each core is usu-
ally marked by soupy drilling disturbance.

Hole 701B

Subunit IA (lower part): Core 114-701B-1H to Sample 114-
701B-9H-2, 26 cm; Depth: 70.0-147.5 mbsf; Age: late
Miocene to late early Pliocene.

Hole 701B was washed down to 70 m to avoid repeating the
entire top part of Hole 701 A. Subunit IA consists of alternating
horizons of ash-bearing diatom ooze, mud-bearing diatom ooze,
clay-bearing diatom ooze, and diatom ooze. These composi-
tional changes are reflected in subtle alternating color bands of
greenish gray (5GY 5/1, 6/1; 5G 5/1, 6/1; 5BG 5/1), olive gray
(5Y 5/2), dark blue gray (5B 4/1), and gray (5Y 5/1).

Discrete ash horizons are found at the following horizons:
85-87 cm in Section 114-701B-1H-2, 85-92 c¢m in Section 114-
701B-3H-4, 132-138 c¢m in Section 114-701B-6H-1, 25-26 cm in
Section 114-701B-6H-3, 85-86 c¢cm in Section 114-701B-6H-4,
and 88-89 cm in Section 114-701B-6H-4.

Small and large lithic fragments, interpreted to be of ice-
rafted origin, occur throughout Subunit IA. Bioturbation is
faint but pervasive throughout the section.

Subunit IB: Samples 114-701B-9H-2, 26 cm, to 114-701B-
12X-1, 26 cm; Depth: 147.5-174.76 mbsf; Age: late Miocene.

Subunit IB is composed mainly of a monospecific assem-
blage of a tropical to temperate diatom, Bruniopsis mirabilis.
The thermophilic silicoflagellate Dictyocha is also present in
high abundance in this subunit. This Bruniopsis ooze also con-
tains minor amounts of other diatoms, radiolarians, pyrite,
clay, quartz, feldspar, and volcanic ash. Although Subunit IB is
27.26 m thick, only 11.15 m (40.9%) of Bruniopsis ooze was
obtained because of poor core recovery. Drilling disturbance in
Hole 701B has blurred some of the original fine structure of the
sediment, but traces of fine lamination remain. Alternating
light and dark laminae are several millimeters thick, with no evi-
dence of bioturbation. The dark horizons are rich in pyrite,
which coats radiolarian tests and diatom frustules. Organic car-
bon analyses of this unit give values of 0.5%-0.6% organic car-
bon within the Bruniopsis ooze, in comparison to background
levels of 0.1%-0.2% (Fig. 6). Bioturbation is conspicuously ab-
sent from this subunit in comparison with the typical diatom
oozes of Subunits IA and IC.

Subunit IC: Samples 114-701B-12X-1, 26 cm, to 114-701B-
12X, CC (21 cm); Depth: 174.76-183.71 mbsf; Age: late
Miocene.

Subunit IC consists of moderately to well-sorted sand and
gravel of varying lithologies, including quartz, volcanic glass, ag-
glutinated benthic foraminifers, biotite, metapelites, iron-coated
schists, pumice, and mud clasts. These components are sub-
rounded to subangular and contain interbedded clasts of dia-
tom ooze. The sand/gravel unit is normally graded, with gravels
at the base and coarse sand at the top. Because the core barrel
was partially filled upon recovery, it is uncertain whether the
grading reflects gravity sedimentation or is an artifact of sort-
ing.

The precise stratigraphic position of this subunit is uncertain
because of poor core recovery (Fig. 6). At Hole 701B, the sand/
gravel unit is 2.85 m thick and is overlain by Bruniopsis ooze
and underlain by diatom ooze containing a typical subantarctic
assemblage. The contact between the sand/gravel and overlying
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Figure 4. Recovery, lithostratigraphic units, and ages for Holes 701A, 701B, and 701C.

Bruniopsis ooze is disturbed, consisting of 43 ¢cm of a slurry of
Bruniopsis ooze and sand. Clasts of diatom ooze are also con-
tained within the sand/gravel unit, The base of the subunit oc-
curs in the core catcher of Core 114-701B-12X and is marked by
a sharp contact between gravel and diatom ooze containing a
typical subantarctic assemblage.
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Subunit ID: Sample 114-701B-12X, CC (21 cm) to Section
114-701B-14X, CC; Depth: 183.71-203.0 mbsf; Age: late
Miocene.

At Hole 701B, Subunit ID consists of diatom ooze and clay-
bearing diatom ooze. The color of the diatom ooze alternates



Table 2. Lithostratigraphic units at Site 701.

SITE 701

Unit/ Depth
Hole  subunit Interval (mbsf) Age
F01A 1A 1H to 8H, CC 0-74.8 late Pliocene to Quaternary
701B IA 1H to 9H-2, 26 cm 70.0-147.5 late Miocene to early Pliocene
IB 9H-2, 26 ¢m, to 12X-1, 26 cm 147.5-174.76  late Miocene
IC 12X-1, 26 cm, to 12X, CC (21 cm) 174.76-183.71 late Miocene
ID 12X, CC (21 cm) to 14X, CC 183.71-203.00  late Miocene
701C IA 1H-1 to 16H-5, 20 cm 0-145.5 late Miocene to Quaternary
1B 16H-5, 20 cm, to 18H-2, 110 cm 145.5-160.9 late Miocene
IC 18H-2, 110 c¢m, to 19H-1, 16 cm 160.9-167.96  late Miocene
ID 19H-1, 16 cm, to 27X-1 167.96-243.8 late Miocene
ITA 27X-1 to 43X-6, 135 cm 243.8-395.15  early to middle Miocene
IIB 43X-6, 135 cm, to 49X-1 395.15-452.8 late Eocene to early Oligocene
111 49X-1 1o 52W, CC 452.8-481.3 middle Eocene
v 52w, CC 481.3-481.47

in subtle bands of greenish gray (5GY 6/1; 5G 5/2, 6/1; 5BG
5/1, 6/1) and gray (N5/0). The diatom assemblage is composed
of subantarctic species, and diffuse bioturbation is prevalent
throughout. Gravels occur as downhole contaminants in the first
sections of Cores 114-701B-13X and 114-701B-14X.

Hole 701C

Subunit IA: Section 114-701C-1H-1 to Sample 114-701C-
16H-5, 20 cm; Depth: 0-145.5 mbsf; Age: late Miocene to
Quaternary.

At Hole 701C, Subunit IA is similar to that described previ-
ously in Holes 701A and 701B. This subunit includes the follow-
ing lithologies: diatom ooze, mud-bearing diatom ooze, muddy
diatom ooze, and ash-bearing diatom ooze. Subtle gradational
color changes occur throughout the section, mainly reflecting
the ash content of the sediment. Color variations include brown
(2.5Y 5/4), olive gray (5Y 4/2, 5/3, 6/2, 6/3), gray (5Y 5/1),
and bluish gray (5B 5/1). Discrete ash horizons are gray (N6/),
dark gray (5Y 4/1), very dark gray (5Y 3/10), or black (5Y 2.5/1).

Subunit IA contains persistent evidence of high volcanic ac-
tivity throughout the section in the form of dispersed ash,
which imparts a darker hue to the sediment. Discrete ash hori-
zons measure 1-10 cm, and some ash has been altered to a green
(5G 5/2) clay mineral, possibly montmorillonite. Discrete ash
layers occur at the following horizons: 129-135 cm in Section
114-701C-1H-6, 103-109 c¢m in Section 114-701C-3H-4, 68-73
cm in Section 114-701C-4H-2, 135-140 ¢m in Section 114-701C-
4H-2, 117-119 cm in Section 114-701C-8H-5, and 68-70 ¢cm in
Section 114-701C-9H-1.

Bioturbation is diffuse but prevalent throughout the section
and includes mainly Planolites and minor Chondrites. Ice-rafted
lithic fragments are sporadically distributed throughout Unit I,
but some occurrences may be due to downhole contamination. A
manganese nodule occurs at 65 cm in Section 114-701C-10H-2.

Drilling disturbance is evident in the first section of most
cores.

Subunit IB: Samples 114-701C-16H-5, 20 c¢m, to 114-701C-
18H-2, 110 cm; Depth: 145.5-160.9 mbsf: Age: late Miocene.

Subunit IB consists of 14.7 m of diatom ooze dominated by
Bruniopsis mirabilis (Fig. 7). The Bruniopsis ooze is very finely
laminated (millimeter range) with rhythmic alternations of light
(pale olive, 5Y 6/3) and dark (dark gray, N4/) varvelike hori-
zons. The light horizons consist predominantly of Bruniopsis
mirabilis. Other horizons are rich in radiolarians, pyrite, quartz/
feldspars, or the silicoflagellate Dictyocha. The dark horizons
are rich in pyrite-coated microfossils, particularly radiolarians.
The mean percent organic carbon content of the Bruniopsis

ooze is about 0.5%, which is significantly greater than back-
ground levels (Fig. 8). Bioturbation is conspicuously absent in
this subunit.

In Sample 114-701C-17H, 48-51 cm, a thin, 3-cm sand hori-
zon was noted that consists of mainly quartz and feldspar. Simi-
lar thin, quartz- and feldspar-rich horizons occur within the
Bruniopsis ooze.

Subunit IC: Samples 114-701C-18H-2, 110 cm, to 114-701C-
19H-1, 16 cm; Depth: 160.9-167.96 mbsf; Age: late Miocene.

At Hole 701C, Subunit IC consists of 16 cm of sand/gravel
(Fig. 9). The lithology of the sand/gravel is identical to that re-
covered in Hole 701B, but the subunit is much thinner. Litholo-
gies and constituents include quartz, volcanic glass, agglutinat-
ed benthic foraminifers, biotite, metapelites, iron-coated schists,
pumice, and mud clasts. The sand/gravel unit in Hole 701C is
overlain by 14.7 m of Bruniopsis ooze and underlain by an addi-
tional 2.24 m of Bruniopsis ooze (Fig. 8). The contact between
the sand/gravel and the underlying Bruniopsis ooze is dis-
turbed.

Subunit ID: Sample 114-701C-19H-1, 16 cm, to Section
114-701C-27X-1; Depth: 167.96-243.8 mbsf; Age: middle to
late Miocene.

The top 2.24 m of Subunit ID is composed of Bruniopsis
ooze, whereas the remaining 75.8 m of Subunit ID is a thick se-
quence of clay- or mud-bearing diatom ooze of middle to late
Miocene age. Colors range from olive (5Y 5/3, 6/3) to greenish
gray (SGY 5/1, 6/1), gray (5GY 5/1, 6/1) and to dark blue gray
(5B 4/1). Volcanic ash occurs as discrete and disseminated hori-
zons, and some ash has been altered to green (5G 5/2) clay. Ash
layers are typically gray (N5/, 6/), dark gray (5Y 3/1), or black
(7.5YR 2/0).

Bioturbation is diffuse throughout, resulting in sediment
mottling. Planolites dominates the ichnofauna, and Zoophycos
first appears at 37-47 cm in Section 114-701C-23H-3.

A manganese nodule occurs in Sample 114-701C-23H-3, 104
cm, with evidence of purple (5B 4/1) alteration and staining in
the surrounding sediment (Fig. 10). A vertical synsedimentary
fracture occurs in Sample 114-701C-25X-4, 130 cm. Toward the
base of Subunit ID, reworked nannofossils begin to appear in
the first three sections of Core 114-701C-26X.

Subunit 11A: Section 114-701C-27X-1 to Sample 114-701C-
43X-6, 135 cm; Depth: 243.8-395.15 mbsf; Age: early-middie
Miocene.

Subunit IIA consists of diatom-bearing mud/clay, siliceous-
bearing mud/clay, and siliceous mud/clay. Throughout the sub-
unit, fine-grained terrigenous clays dominate over biogenic sili-
ceous components. Color hues vary considerably and include
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Figure 5. Relative abundance of calcareous, siliceous, ash, clay, and quartz components at Site 701, based on

smear slide analysis.

grayish green (5G 5/2), greenish gray (5GY 5/1, 6/1), olive gray
(5Y 5/2), gray (5Y 4/1, 5/1), and brown (5YR 5/4).

Grayish green (5G 4/2) altered ash horizons occur through-
out the subunit. Other minor lithologies include iron-manga-
nese oxides and lithic fragments representing downhole contam-
ination. Bioturbation is faint to moderate.
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Subunit IIB: Sample 114-701C-43X-6, 135 cm, to Section
114-701C-49X-1; Depth: 395.15-452.8 mbsf; Age: late Eocene
to early Oligocene.

Subunit IIB is marked by alternations of three components:
nannofossil ooze, siliceous ooze, and clay. This subunit repre-
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sand/gravel subunit (IC) is approximately 3 m thick in Hole 701B.

sents the first consistent appearance of carbonate sediment at
Site 701C, as shown by an increase in carbonate content at
about 400 mbsf (Fig. 11). Major lithologies include siliceous
clay, nannofossil-siliceous-bearing clay, siliceous-bearing clayey
nannofossil ooze, and nannofossil-bearing clayey siliceous ooze.
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Figure 7. Contact at about 16-17 cm between the clay-bearing diatom
ooze of Subunit IA and the Bruniopsis ooze of Subunit IB (Sample 114-
701C-16H-5, 9-30 cm). There is a marked contrast between bioturbated
Subunit IA and finely laminated Subunit IB. The darker colored bands
in Subunit IB contain a high concentration of pyrite.

Colors range from grayish brown (2.5Y 5/2), light brownish
gray (2.5Y 6/2), greenish gray (5G 5/2, 6/1; 5GY 7/1), to light
blue gray (SBG 7/1). Bioturbation is markedly intensified in this
subunit, causing mottling of lighter and darker color shades.
Planolites and Zoophycos dominate the ichnofauna.

Unit III: Sections 114-701C-49X-1 to 114-701C-52X, CC;
Depth: 452.8-481.3 mbsf; Age: middle Eocene.

Unit III consists of white (no color code) to light brownish
gray (2.5Y 6/2) indurated nannofossil chalk with intermittent
dark brown (10YR 3/3) staining of carbonate, probably by iron
manganese oxides. The carbonate content of this unit averages
80%, which represents a marked increase in comparison to
other lithostratigraphic units (Fig. 10). This unit directly overlies
basalt, and the alteration and staining of carbonate probably re-
sult from diagenetic reactions with the underlying oceanic crust.
This unit is dated as middle Eocene.

Unit IV: Section 114-701C-52W, CC; Depth: 481.3-481.47
mbsf.

Unit IV consists of a single piece of highly-altered amygda-
loidal olivine basalt, dark blue gray (5B 4/1) in color, that repre-

sents oceanic crustal basement or possibly an interbedded sill.
The sample comes from a wash core through the interval cored
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