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SITE DATA—362 AND 362A

Position: 19°45.45'S, 10°31.95'E (Abutment Plateau portion of
the Frio Ridge segment of Walvis Ridge)

Water Depth: 1325 corrected meters, echo sounding, 1336
meters, drill pipe measurement

Number of Holes: 2

Number of Cores: 44 (362) and 12 (362A)

Total Length of Cored Section: 418 (362) and 109.5 (362A)
meters

Total Core Recovered: 367.25 (362) and 76.95 (362A) meters

Percentage Core Recovery: 87.8% (362) and 70.36% (362A)

Oldest Sediment Cored:
Depth sub-bottom: 1081 meters
Nature: limestone
Age: lower Eocene
Measured velocity: 4.04 km/sec

Basement:
Depth sub-bottom: not reached
Nature: not known; inferred basaltic

Principal Results: Site 362 is located on the Abutment Plateau of
the Frio Ridge segment of the Walvis Ridge where it adjoins the
continental margin of southwest Africa. To avoid hydrocarbon
entrapment, the site was targeted near the axis of a north-south
linear trough at 1330 hours, 26 June, seismic reflection profile
Jean Char cot Walda Cruise, profile 11, near an intersection with
0900 hours, May 13, reflection profile Vema 29-06, profile
record 928, and 2100 hours, 12 May, reflection profile Atlantis
II, Cruise 67, Leg 6, latitude 19°45'S, longitude 10°32'E, water
depth 1325 meters. This location permitted the sampling of a
thick stratigraphic section with acoustic marker horizons that can
be traced northward into the Angola Basin, southward into the
Cape Basin, eastward beneath the African slope and shelf, and
westward toward northern Valdivia Bank. Two holes were
drilled. Hole 362 was terminated at 806 meters sub-bottom when
the newly designed internal bit seal deformed and prevented the
inner core barrel from seating. Hole 362A was abandoned at
1081 meters sub-bottom because of bit failure.

The section penetrated is stratigraphically continuous in its
entirety and extends from the Holocene to the lower Eocene. It
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consists of biogenic oozes,both siliceous and calcareous, chalk,
marly chalk, and limestone. Planktonic foraminifers are
predominantly of the cool-temperate type with intermixing of
subtropical species at various levels.

Four lithologic units are recognized. Unit 1 is a Pleistocene to
upper Miocene diatomaceous marly nannofossil ooze and chalk
bearing radiolarians and silicoflagellates, 36-188 meters
sub-bottom. A strong erosional and regressive cycle occurs in
the upper Miocene. Unit 2 is an upper Miocene to uppermost
Oligocene foraminifer-bearing nannofossil chalk, 188-820
meters sub-bottom, well-bedded with cyclic intercalations of
marly material and containing a strong dissolution cycle in the
middle Miocene Globorotalia fohsi fohsi and G. fohsi lobata
zones. Unit 3 is an Oligocene-age Braarudosphaera chalk,
820-924 meters sub-bottom, with intercalations of marly
nannofossil chalk showing evidence of dissolution and
winnowing between pure white beds totally dominated by the
Braarudosphaera. Unit 4 is an upper to lower Eocene marly
nannofossil chalk and limestone, 924-1081 meters sub-bottom,
with an appreciable diagenetic recalcification and cementation
which eventually caused the destruction of the bearings in the
core bit.

A strong, regionally widespread reflector at 0.94 seconds
correlates with the top of the Braarudosphaera chalk unit. This
acoustic horizon can be traced all the way to Site 360 in the
southern Cape Basin. Lithologic Unit 1 is confined to
progradational foresetbeds along the African slope and is absent
from the shelf in the Abutment Plateau area. Sound velocities are
generally less than 1.7 km/sec for the upper 500 meters of the
section penetrated and reach values of 3.75 to 4.03 km/sec in the
calcite-cemented chalks and limestones of lithologic Unit 4.
Forty-four cores were taken in Hole 362 and 12 in Hole 362A.

SITE DATA—363
Position: 19°38.75'S, 09°02.80'E (isolated basement high on

north-facing escarpment of Frio Ridge portion of Walvis Ridge)

Water Depth: 2248 corrected meters, echo sounding, 2247
meters, drill pipe measurement

Number of Holes: 1

Number of Cores: 40

Total Length of Cored Section: 380.0 meters

Total Core Recovered: 226.9 meters

Percentage Core Recovery: 59.7%

Oldest Sediment Cored:
Depth sub-bottom: 715 meters
Nature: limestone interlayered with calcarenite
Age: lower Aptian
Measured velocity: 3.11 km/sec

Basement:
Depth sub-bottom: 750 meters inferred from seismic reflection

profile
Nature: basaltic based on dredge hauls within a few tens of

kilometers of the drill site at a similar depth (2800 m) below
sea level
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SITE 362, 362A

19°45.45'S, 10°31.95'E
W. D. 1325 m

SITE 363

19°38.75'S, 09°02.80'E
W. D.2248 m
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WALVIS RIDGE: SITES 362 AND 262

Principal Results: Site 363 is located close to the crest of an
isolated basement high along the north-facing escarpment of the
Frio Ridge segment of the Walvis Ridge at 1530 hours, 23 June,
seismic reflection profile Jean Char cot, Walda Cruise, profile 9,
latitude 19°39'S, longitude 09°03'E, water depth 2248 meters.
The selected location permitted sampling in a single hole of a
stratigraphic overlap with Site 362 on the Abutment Plateau and
of a continuation of the latter section into the Lower Cretaceous.
The hole was terminated at 715 meters sub-bottom just tens of
meters from the basement with a shearing off of all three cones of
the core bit. The section recovered extends from the upper
Miocene to the lower Aptian, with one prominent erosional gap
between the Recent and the upper Miocene. Another gap occurs
between the Coniaciah and the uppermost Albian, but may partly
reflect ecologic conditions which prevented North Atlantic
Cenomanian-Santonian marker fossils from reaching the South
Atlantic. The section consists predominantly of biogenic oozes,
chalks, marls, and limestones. The oldest sediments at the base
of the hole have shallow-water to supratidal components
including calcareous algae and are coincident with the basement
isochrone inferred from its seaward position from the continental
edge on strike with magnetic anomaly M-O. We can conclude
that the Frio Ridge is a fracture zone escarpment which was
created at the axis of an Aptian-age mid-oceanic ridge and has
gradually subsided to its present depth, never experiencing a
significant subsequent uplift as was suggested to have occurred
at about 80 million years (Connary, 1972). The Upper
Cretaceous and Ternary planktonic faunas here on the northern
side of the Walvis Ridge consist of warmer and more tropical
assemblages than that at Site 362 on the southern Cape Basin
side.

Three lithologic units are recognized. Unit 1 is an upper
Miocene to lower Maestrichtian nannofossil ooze and chalk
containing white Braarudosphaera ooze layers in the
Oligocene, 31-373 meters sub-bottom. Unit 2 is a Campanian to
lower Aptian nannofossil marl, 373-696 meters sub-bottom.
There is considerable evidence of condensation of the section by
winnowing along thin, numerous erosional contacts. The Albian
has dark layers characterized by disseminated pyrite, suggesting
at least localized reducing conditions. The input of terrigenous
clays in the marls jof this unit is strongly cyclic and perhaps
climatically controlled. Recrystallization including
dolomitization is extensive in the Aptian. Pore fluids show the
influence of underlying volcanic basement (Sotelo and Gieskes,
this volume). Unit 3 consists of lower Aptian limestone,
696-715 meters sfib-bottom, interlayered with calcarenites
containing fragments of lamillibranchs and calcareous algae,
suggesting a high-energy, near-shore environment.

Sound velocities reach 3.0 to 3.5 km/sec in the Lower
Cretaceous marls and limestones. Forty cores were taken.

BACKGROUND AND OBJECTIVES

Background

The northeast-southwest-trending easternmost segment of
the Walvis Ridge forms a high-standing topographic barrier
in the eastern South Atlantic which intersects the western
continental margin of southern Africa. This barrier acts as an
obstruction to oceanic water masses passing northward from
the Cape Basin to the Angola Basin. Marked differences exist
in the sedimentary and morphological development of the
southwest African continental margin on the two sides of this
important structural feature.

Where the Walvis Ridge parallels the "transform
direction" for the earliest phase of opening of the South
Atlantic, its steep north-facing escarpment resembles a

fracture zone wall termed a "marginal fracture ridge" by
Francheteau and LePichon (1972). The crest of this linear
high has beec called the Frio Ridge by Barnaby (1974) (see
Figure 1). The pre-drift reconstruction of Bullard et al.
(1965) would indicate that the entire Frio Ridge along with its
structural abutment with the African margin (called the
Abutment Plateau by Barnaby) occurs in a geographical
province created since the initial continental breakup.

Within the northern part of the Cape Basin to the south of
Frio Ridge it has recently been possible to recognize
magnetic anomaly lineations of the Mesozoic "Cape
Sequence" of Larson and Ladd (1973). The projection of
these anomaly stripes northward onto the Frio Ridge fracture
zone lineament (Figure 2) raises the possibility that the
crustal rocks beneath the ridge segment and its abutment zone
were emplaced during the earliest opening phase of the ocean
prior to the end of evaporite deposition in the Angola and
Guinea basins to the north.

According to basement contours of Barnaby (1974)
reproduced in Figure 3, the Frio Ridge consists of two en
echelon, steep-sided basement highs separated by a gap at
approximately 10°E longitude where the sill depth is 3.8
seconds (two-way reflection time). A second and slightly
deeper gap with a 4.2 seconds thalweg winds a route between
the easternmost segment of the Frio Ridge basement high and
a north-south structural unit parallel to the continental margin
underlying the modern shelf break. Both passageways are
inferred to have been important conduits for oceanic
water-mass transport during the Mesozoic.

Seismic reflection profiles permit the correlation of deeply
buried sedimentary horizons of the Cape Basin northward
into shallower levels of the Abutment Plateau and even into a
small southwest-northeast oriented trough perched high on
the crest of the Frio Ridge (Goslin et al., 1974). These
profiles illustrate quite clearly that the deepest and hence
oldest strata visible above the acoustic basement were
deposited after the relative relief of the basement was
created. A sampling of these strata should provide evidence
as to the age of this easternmost segment of the Walvis Ridge.

Scientific Objectives

Several objectives were considered achievable if deep
penetration could be effected at a combination of two drill
sites—one on the Abutment Plateau (Site 362) to sample the
younger part of the sediment section and to identify key
seismic reflectors and a second (Site 363) to attempt a
sampling of older Mesozoic rocks and the acoustic basement.
The basement site was designed in order to determine the
nature of igneous crust believed to be part of a marginal
fracture ridge.

New information was sought in order to learn:
1) the age of the initial open-marine sedimentation on the

crest of a topographic barrier between the Cape and Angola
basins which was thought to have (a) isolated the two basins
at the time of Aptian salt deposition, and (b) stood 3 to 4 km
higher than the basin floor during the Upper Cretaceous and
Tertiary;

2) sedimentary history of the continental margin at the
juncture of the Walvis Ridge and the African continent;

3) the role played by the Walvis Ridge as a barrier to
faunal migration and as an influence on the northward
movement of cold-water masses;

185
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Figure 1. Chart of eastern Walvis Ridge showing location of Sites 362j362A and 363, based in part on Barnaby (1974).

4) the role played by the Walvis Ridge in isolating the
Angola Basin to allow evaporite deposition there;

5) the petrology of basement rocks emplaced on the steep
fracture zone ridge;

6) the stratigraphic position and lithologic makeup of
important seismic horizons including Reflectors Davy and
Atlantis II;

7) the origin of thick upper Cenozoic biogenic sediment
sequences in relation to climatically controlled events, and

8) interhemispheric conditions of high-latitude
Austral-New Zealand faunal groups with low-latitude
tropical to semi-tropical groups.

Strategy
Because of the overriding concern for potential

hydrocarbon entrapment in thick continental margin
sections, we deemed it necessary to locate carefully the
deepest stratigraphic hole (Site 362) in a synclinal setting
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Figure 2. Magnetic anomalies in the Cape Basin south of Walvis Ridge, based on Barnaby (1974). Projection of Site
363 is to anomaly M-O.

such as exists on the Abutment Plateau. An appropriate site 11 (Figure 4) of htJean Char cot (Goslin, et al., 1974). The
was chosen at 1330 hours, 26 June, 1971, on Walda Profile exact location was positioned near an intersection with a
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Figure 3. Basement contours on Walvis Ridge, based on Barnaby (1974).
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Figure 4. Succession of Miocene white
chalk and darker marly chalk, inten-
sively burrowed, Hole 362A, Sample
4-3, 29-53 cm.

Vema profile that provides correlation eastward to shallower
regions of the modern slope and shelf, northwards into the
Angola Basin, and southwards into the Cape Basin.

Unfortunately, at this selected site, the basement lay too
deep to be sampled (>2 km below the seabed). Therefore a
second hole (Site 363) was targeted further west at 1530
hours, 23 June 1971, on Walda Profile 9 (Figure 5) to where
the deeper horizons of the first drill site could once again be
identified at an equivalent depth (3 km) below sea level, yet
under a much thinner overburden. The second site had also to
be positioned sufficiently far northward on Walda profile 9 to
be isolated from updip hydrocarbon migration from the
aforementioned Frio Ridge crestal trough.

OPERATIONS

Approach to Site 362/362A

Site 362/362A was approached from a heading of 335° on
the afternoon of 17 January 1975. The site is located on the
Abutment Plateau of the Frio Ridge segment of the Walvis
Ridge where the ridge adjoins the continental margin of
southwest Africa. To avoid hydrocarbon entrapment, the site
was targeted near the axis of a north-south linear trough at
1330 hours, 26 June, seismic reflection profile 11 of the Jean
Charcot Walda Cruise, near an intersection with 0900 hours,
13 May, reflection profile Vema 29-06, profile record 928,
and 2100 hours, 12 May, reflection profile A tlantis II, Cruise
67, Leg 6. Beacon drop was at 1830 hours on 17 January. The
mean satellite-fix location of the site was 19°45.45'S,
10°31.95'E. The water depth was 1336 meters (drill string
length). The first core was recovered at 0330 hours on 18
January (Table 1). The site consisted of two holes. Hole 362
was occupied until 1030 hours on 20 January. Penetration
was 805.5 meters. Forty-four cores were taken. Recovery
was nearly 100 per cent through Core 21, and between 60 per
cent and 100 per cent from Cores 22 to 41. Only core catchers
were recovered in Cores 42 to 44 because failure of the
experimental bit seal prevented latching of the core barrel.
With this, the string was pulled, a new core bit (without bit
seal) was attached, and the string was lowered again to the
sea floor. Core 1 of Hole 3 62 A was retrieved at 1115 hours on
21 January. The hole was occupied until 1500 hours, 23
January. Twelve cores were taken between 696 and 1081
meters sub-bottom. Recovery ranged between about 50 per
cent and 100 per cent through Core 10, but dropped to less
than 10 per cent in Cores 11 and 12. By this time, the
penetration rate had dropped to less than 4 meters per hour.
We saw little likelihood of reaching our Cretaceous
objective, and so decided to pull the drill string. The string
was entirely on deck by 2000 hours on 23 January. We
streamed the gear and headed on a westerly course (274°) for
Site 363.

During occupation of Hole 362, the rate of penetration was
high until Cores 34 and 35, when a drop from 36 m/hour to 26
m/hour occurred. This is at about the top of Acoustic Unit IV,
marked by a sharp change in the physical properties. From
Cores 37 to 44, the rate generally dropped from about 20
m/hour to a minimum of 12 m/hour (Core 43).

The penetration rate at Hole 3 62A from about the depth
where Hole 362 was abandoned was low, about 12 m/hour,
and gradually became lower, to a minimum of 4 m/hour in
Core 12. These low rates apparently were the result of an
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Figure 5. Well-preserved "Zoophycos"
type burrows in Miocene chalk, Hole
362, Sample 35-3, 80-95 cm.

increasing component of terrigenous clay in the Oligocene
and Eocene section of the hole. Medium insert four-cone
Smith F94CK and F94C core bits were used at the two holes,
respectively. Drilling became increasingly "gummy" in
Hole 362A, so that the core bit could not cut into the hole.

No mature hydrocarbons were detected in either Holes 362
or 362A. However, H2S and CO2 were high in Cores 10 to
25. The core lab had to be opened and ventilated with large
fans at the passageways. Nevertheless, the scientific party
feels that the noxious fumes did not affect their judgment,
and that their interpretations on Site 362/362A are valid
despite all.

Approach to Site 363

Site 363 was approached from a heading of 270° in the
early morning of 24 January 1975. The site is located close to

the crest of an isolated basement high along the north-facing
escarpment of the Frio Ridge segment of the Walvis Ridge at
1530 hours, 23 June, seismic reflection profile 9 of the Jean
Char cot Walda Cruise. The selected location permitted
sampling in a single hole of a stratigraphic overlap with Site
362 on the Abutment Plateau, and of a continuation of the
latter section into the Lower Cretaceous. Beacon drop was at
0430 hours on 24 January. The mean satellite fix location of
the site was 19°38.75'S, 09°02.80'E. The water depth was
2247 meters (drill string length). Penetration was 715 meters
with the hole terminating in lower Aptian limestone
interlayered with calcarenite. Basement, estimated at 750
meters sub-bottom, was not reached. The first core was
recovered at 1445 hours on January 24 (Table 2). A total of
40 cores was taken, the final one being retrieved at 1630
hours on 27 January. Recovery was high initially, but
dropped to a low of 14 per cent as early as Core 7. However,
recovery improved to 100 per cent in Cores 10-12 and 14, and
then began oscillating — 23 per cent in Core 17, 84 per cent
in Core 18,48percentinCore20,100 per cent in Core 21,12
per cent in Core 22, and so on. With increasing induration,
recovery improved, reaching 100 per cent in three straight
cores, 28-30. Recovery dropped abruptly in the final two
cores, signaling destruction of the core bit, although this was
masked by a sudden increase in the rate of penetration.
Following recovery of Core 40, we thought the barrel was
plugged and lowered the center bit. This jammed forcing
retrieval of the entire drill string. The core bit had lost all
three cones and all core guides when we brought it on deck.

Penetration rates were high, between 40 m/hour and 80
m/hour through Core 21, except for Core 13, 26 m/hour.
With Core 22, however, the penetration rate dropped to 24
m/hour, and remained below 20 m/hour except for Cores 28
(26 m/hour) and 39 (20.2 m/hour) The slowest drilling rates
were for Cores 23 and 24, less than 10 m/hour. Interestingly,
none of these changes in rate or recovery correspond to major
reflectors or changes in lithology.

A three-cone medium-insert Smith F94C core bit was used
at Site 363. Although there were only three cones, the
bearing size was larger than on the four-cone bits, and we
thought this might improve bit life. Unfortunately we were
wrong.The bit was destroyed after only 28 hours of rotation,
a low for Leg 40.

No mature hydrocarbons were encountered at Site 363.
We departed the site at 0030 hours on 28 January 1975.

Because our incoming profiler record was difficult to use to
pick the basement depth (we were close to the edge of the
steep north-facing escarpment of Frio Ridge), we first
proceeded on a southwesterly course (224°) before circling
back over the beacon on a course of 060°. This gave a
high-quality reflection record from which we picked the
basement depth at about 720 meters, just a few meters
beyond our total penetration at the site. Shortly after passing
over the northern scarp of Frio Ridge, we changed heading to
018° and proceeded to Site 364.

LITHOLOGY

Site 362/362A Lithologic Descriptions

Site 362/362A, water depth 1325 meters, is located at
19°45.45'S, 10°31.95'E on the northern flank of the
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TABLE 1
Coring Summary, Site 362/362A

Core

Hole 362

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Hole 362A

1
2
3
4
5
6
7
8
9
10
11
12

Date
(January)

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20

21
21
21
22
22
22
22
22
22
23
23
23

Time

0330
0420
0505
0555
0640
0730
0820
0905
0950
1040
1140
1230
1325
1410
1505
1615
1710
1805
1900
2015
2115
2205
2300
2355
0105
0210
0320
0430
0610
0810
0930
1100
1220
1410
1610
1740
1900
2050
2330
0115
0350
0615
0900
1030

1115
1920
2200
0120
0535
0830
1150
1525
2025
0200
1055
1500

Depth From
Drill Floor

(m)

1372-1381.5
1381.5-1391
1391-1400.5

1400.5-1410
1410-1419.5

1418.5-1429
1429-1438.5

1438.5-1448
1448-1457.5

1457.5-1467
1467-1496.5

1476.5-1486
1486-1495.5

1495.5-1505
1514.5-1524
1533.5-1543
1552.5-1562
1571.5-1501
1540.5-1600
1609.5-1619
1628.5-1638
1647.5-1657
1666.5-1676
1685.5-1695
1704.5-1714
1723.5-1733
1742.5-1752
1761.5-1741
1780.5-1790
1799.5-1809
1818.5-1828
1837.5-1847
1856.5-1866
1885-1894.5

1913.5-1923
1932.5-1942
1951.5-1961
1980-1989.5

2008.5-2018
2037-2046.5

2065.5-2075
2094.0-2103.5
2122.5-2132
2132-2141.5

2032-2037
2132-2141.5
2170-2170.5
2208-2217.5
2246-2255.5
2265-2274.5
2284-2293.5
2303-2312.5

2331.5-2341
2360-2369.5
2398-2407.5

2407.5-2414

Depth Below
Sea Floor

(m)

36-45
45.5-55.0
55.0-64.5
64.5-74.0
74.0-83.5
83.5-93.0
93-102.5

102.5-112
112-121.5

121.5-131
131-140.5

140.5-150
150-159.5

159.5-169
178.5-188
197.5-207
216.5-226
235.5-245
254.5-264
273.5-283
292.5-302
311.5-321
330.5-340
349.5-359
368.5-378
387.5-397
406.5-416
425.5-435
444.5-454
463.5-473
482.5-492
501.5-511
520.5-530
549-558.5

577.5-587
596.5-606
615.5-625
644-653.5

672.5-682
701-710.5

729.5-739.0
758.0-767.5
786.5-796
796-805.5

696-701
796-805.5
834-843.5
872-881.5
910-919.5
929-938.5
948-957.5
967-976.5

995.5-1005
1024-1033.5
1062-1071.5

1071.5-1081

Length
Cored
(m)

9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

5.0
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

Length
Recovered

(m)

9.5
8.65
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.2
9.5
9.5
9.5
9.5
9.5
9.5
5.3
8.65
9.5
9.5
9.5
8.8
9.5
6.4
5.5
6.85
9.5
9.5
9.5
9.5
5.4
9.5
9.4
8.1
9.5
9.5

cc only
cc only
cc only

4.8
9.05
9.5
9.5
9.5
9.5
6.85
5.9
5.75
4.35
1.0
1.1

Recovered
(%)

100
91
100
100
100
100
100
100
100
100
100
100
100
100
97
100
100
100
100
100
100
56
91
100
100
100
93
100
67
58
72
100
100
100
100
57
100
99
85
100
100
Λ/1

'Vl
'Vl

96
95
100
100
100
100
72
62
61
46
11
12

easternmost part of Walvis Ridge, in a trough showing a thick
sedimentary cover and well-defined reflectors which can be
followed both in the Cape and Angola basins . Two holes
were drilled: 362 reached 806 meters sub-bottom, and 362A
was abandoned at 1081 meters sub-bottom. The section
penetrated is stratigraphically continuous and extends from

Holocene to lower Eocene. It consists predominantly of
pelagic biogenic oozes, both siliceous and calcareous, and of
their consolidated, cemented equivalents (chalk, limestone).
It was possible to define four lithologic units, one of them
containing an almost pure "Braarudosphaera chalk"
(Figure 6, Table 3).
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TABLE 2
Coring Summary, Hole 363

Core
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Date
(January)

24
24
24
24
24
24
24
24
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
26
26
26
26
26
26
26
26
26
26
27
27
27
27
27
27

Time

1445
1555
1705
1800
1920
2035
2150
2300
0020
0130
0250
0400
0525
0740
0910
1020
1140
1250
1555
1515
1700
1825
2050
2325
0200
0415
0645
0845
1055
1325
1540
1745
2010
2220
0145
0430
0705
1040
1320
1630

Depth From
Drill Floor

(m)

2278-2287.5
2297-2306.5
2316-2325.5

2335.0-2344.5
2354-2363.5
2373-2382.5
2392-2401.5
2411-2420.5
2430-2439.5
2449-2458.5
2468-2477.5
2487-2496.5
2506-2515.5
2525-2534.5
2544-2553.5

2553.5-2563
2563-2572.5

2572.5-2582
2582-2591.5

2591.5-2601
2610.5-2620
2620.0-2629.5
2629.5-2639
2648.5-2658
2667.5-2677
2686.5-2696
2705.5-2715
2724.5-2734
2743.5-2753
2762.5-2772
2781.5-2791
2800.5-2810
2819.5-2829
2838.5-2848
2857.5-2867
2876.5-2886
2895.5-2905
2914.5-2924
2933.5-2943
2952.5-2962

Depth Below
Sea Floor

(m)

31.0-40.5
50-59.5
69-78.5
88-97.5

107-116.5
126-135.5
145-154.5
164-173.5
183-192.5
202-211.5
221-230.5
240-249.5
259-268.5
278-287.5
297-306.5

306.5-316
316-325.5

325.5-335
335-344.5

344.5-354
363.5-373

373-382.5
382.5-392.0
401.5-411
420.5-430
439.5_449
458.5-468
477.5-487
496.5-506
515.5-525
534.5-544
553.5-563
572.5-582
591.5-601
610.5-620
629.5-639
648.5-658
667.5-677
686.5-696
705.5-715

Length
Cored

(m)

9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

Length
Recovered

(m)

9.5
6.65
5.55
3.70
6.35
5.4
1.35
2.4
4.9
9.5
9.5
9.5
6.9
9.5
4.7
2.3
2.2
7.2
7.95
4.7
9.5
1.0
2.4
2.75
2.2
6.0
2.4
9.5
9.5
9.5
8.7
6.6
8.05
4.7
4.2
4.65
8.75
2.9
3.2
0.5

Recovery
(%)

100
70
58
39
67
57
14
25
51

100
100
100

73
100
49
24
23
76
84
48

100
12
25
29
23
63
25

100
100
100

92
70
85
50
44
49
92
31
34

5

The following is a unit-by-unit description of the cored
sedimentary sequence.

Unit l

Unit la: Cores 1-10,36-131 meters (Pleistocene-Pliocene)

The youngest sedimentary sequence at this site is
predominantly an olive to dark olive fine sandy, silty
calcareous clay. No sedimentary structures can be
recognized. The cores are strongly disturbed both by the
drilling/coring process and by very abundant gas (H2S)
cracks, resulting in a blending of sediments of various colors
and perhaps of different age. Throughout this unit, the
sediment contains less than about 5 per cent sand-, 15 to 20
per cent silt-, and 80 per cent clay-sized particles. The major
components are calcareous nannofossils (15-60%), clay
minerals (10-60%), and diatoms (5-40%). They are
associated with minor components such as: planktonic
foraminifers (1-5%), radiolarians (1-4%), silfcoflagellates

, siliceous spicules (1%), unspecified carbonate

(1-5%), quartz (1-2%), pyrite (1-2%), and traces of micas
and heavy minerals (tourmaline, epidote, apatite). Subunit
la is a diatomaceous marly nannofossil ooze, with
radiolarians, silicoflagellates, and siliceous sponge spicules.
In the coarse fraction, planktonic foraminifers are dominant
(30-70%), followed by radiolarians (5-70%), calcareous
benthic foraminifers (3-5%), echinoids (5-10%), diatoms
(3-5%), sponge spicules (1%), and quartz (1-2%).
Radiolarians are particularly abundant (70%) in Core 5. The
preservation of radiolarians and diatoms is good (except in
Core 6), whereas the preservation of planktonic foraminifers
is good to moderate ( 20% fragmented tests), and the
preservation of benthic foraminifers is moderate to poor (the
fragmentation affecting more particularly the arenaceous
species). Cores 5 and 6 are bioturbated, indicating abundant
mud-feeding organisms on the ocean bottom and thus the
occurrence of conditions favorable to life. The mean CaC03
content of this subunit and its standard deviation is 45 ±16
per cent (49 determinations, see barrel sheets) with a low of
15 per cent and a high of 88 per cent.
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Site 362-362A
Walvis Ridge (19°45'S - 10°32'E)

No core

100
Cor_e_9__

Core 10 362

Cor_e_14_ * _

Core 15 200 r-

300 -

400 -

Core 28
Core 29

Core 35

Core 36

500

600

LU

M
IO

C
E

h

_

C_qre_44_

Core 3

CqreJ5_
Core 6

Age and Cores
Recovered

Lithology

Diatomaceous marly nanno ooze
bearing radiolaria and si I icof I age Mates.

700 -

800 -

131m
Diatom-bearing nanno ooze
to diatom-bearing marly nanno ooze.

188 m

Marly nanno chalk with inter-
calations of foraminifers or
diatom-bearing nannofossil
chalk

Marly nanno chalk to
foraminifer-bearing
nannofossil chalk

Foraminifer-nannofossil chalk
to foraminifer-bearing nanno-
fossil chalk

362A

900 -

1000 -

1081

Figure 6. Lithologic column, Site 362/362A.

Unit lb: Cores 11-15, 131-188 meters (Pliocene-upper
Miocene)

This subunit differs from la in having fewer diatoms
(2-10%, except in Core 11, where they constitute 20% of the

Marly nannofossil chalk,
with intercalations of
"Braarudosphaera chalk"

Marly nannofossil limestone with inter-
calcations of foraminifer-nannofossil
limestone to calcareous siltstone and
calcarenite

Units

sediment), radiolarians, and siliceous spicules (2-6%).
Sediments are highly disturbed diatom-bearing marly
nannofossil oozes and diatom-bearing nannofossil oozes.

Brααrudosphαerα bigelowi pentaliths, well-preserved
coccospheres, and dolomitic rhombs occur in some levels.
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TABLE 3
Lithological Units Site 362/362A

Unit
No.

la

lb

2a

2b

2c

3

A

4

Lithology

Diatomaceous marly nannofossil
ooze bearing radiolaria and
silicoflagellates

Diatom-bearing nannofossil
ooze to diatom-bearing marly
nannofossil ooze
Light or strong marly nanno-
fossil ooze to marly nanno-
fossil chalk, with intercal-
ations of foraminifers or
diatom-bearing nannofossil
chalk
Marly nannofossil chalk to
foraminifer-bearing nanno-
fossil chalk
Foraminifer-nannofossil
chalk to foraminifer-bearing
nannofossil chalk

Marly nannofossil chalk with
intercalations of
"Braamdosphaera chalk"

Marly limestone with inter-
calcations of limestone to
massive limestone, and
coarse calcarenite

Core

1-10

11-15

16-28

29-35

36-44
&362A

1-2

JozA
3-5

362A
6-12

Depth in
Sectiona

(m)

36-131

131-188

188-440

440-592

592-820

820-924

c\ ^ Λ I ΛQ 1

924-1081

Thickness
(m)

95

57

252

152

228

104

157

Age

Pleistocene-
Pliocene

Pliocene-
upper
Miocene

Upper middle
Miocene

Upper middle
Miocene - lower
Miocene

Lower Miocene -
upper Oligocene

Oligocene

Upper to middle
Eocene

Major Changes

Net decrease in the
relative abundance
of siliceous micro-
fossils

Passage from ooze
to chalk

Disappearance of
siliceous micro-

tossils

Appearance of
' 'Braamdosphaera
chalk"
Disappearance of
' 'Braamdosphaera
chalk" and passage
from chalk to
limestone

Depths taken at midpoints between cores if boundaries are not actually within cores.

In the coarse fraction, siliceous microfossils are also less
abundant (radiolarians, 1-10%; diatoms, 5%) and less
well-preserved (obvious dissolution) than in Subunit la.

There is no significant change in the planktonic
foraminifer preservation, which is good to fair (=£20% of
fragmented tests). Ostracodes (^3%), fish otoliths (1-2%),
and rare mollusk fragments also occur.

The mean CaCOβ content of the total sediment is 46 ±9
per cent and ranges from 33 to 59 per cent (see barrel sheets).

Unit 2

Unit 2, late Miocene-late Oligocene, differs from Unit 1 in
having few, if any, siliceous microfossils and by exhibiting
abundant bioturbation, evidence for cyclic sedimentation
(pulses of terrigenous material alternating with more purely
biogenous sediments) and for erosion. On the basis of the
relative abundance of terrigenous material and of
foraminifers in the sediment, three subunits are
distinguished.

Unit 2a: Cores 16-28, 188-440 meters (Late-middle
Miocene)

Subunit 2a differs from Unit 1 in being more indurated,
grading from ooze into chalk, Diatoms (1-10%),
radiolarians, and siliceous spicules (0.5-2%) are still present
but in small amounts.

This subunit presents the following lithological types:
variably marly nannofossil ooze or chalk with intercalations
of foraminifer- or diatom-bearing nannofossil chalk.

Among the nannofossils, well-preserved coccospheres are
still present.

The major changes appearing in the composition of the
coarse fraction are the following:

1) scarcity of siliceous microfossils (diatoms 1%,
radiolarians 1-2%);

2) relatively poor preservation of calcareous benthic
foraminifers and very poor preservation of arenaceous
benthic foraminifers. Both types are associated with well to
moderately preserved planktonic foraminifers — an
association which is very surprising since it is well known
that benthic foraminifers are more resistant to dissolution or
mechanical fragmentation than are planktonic foraminifers;

3) abundance of pyrite (—10%) in aggregates of various
shapes, as isolated crystals or as fillings in foraminifer
chambers;

4) abundance (5-40%) of brownish red mud aggregates,
which appear to be internal molds of foraminifers (especially
of arenaceous foraminifers) and, less frequently, fillings of
burrows.

Careful observation reveals that a black pyrite mud
constitutes the central part of many of these aggregates, and
that the red color of the external part results from the
oxidation of the pyritic mud. This oxidation may have taken
place in situ, but it is more likely artificial, due to the
interaction of H2O2 (used for the preparation of the coarse
fraction samples) with the sediment in the laboratory. The
abundance of broken or damaged tests of foraminifers filled
by the same brownish red mud favors this hypothesis. It is
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very important to note that the interaction of H2θ2/pyritic
mud occurring in the foraminifers during sample preparation
seems to be, in the case of foraminifers originally filled by
mud (especially pyritic mud), the major factor controlling
fragmentation and preservation. The more affected
foraminifers are the arenaceous species (frequently 70-100%
of fragmented tests) and the calcareous benthic species
(30-40% fragmented tests). In the absence of a muddy filling,
calcareous foraminifers are not affected by H2O2.

This subunit has more CaCCb than Unit 1, averaging 63
±12 per cent (49 determinations, see barrel sheets) with a
low of 34 per cent and a high of 85 per cent.

Unit 2b: Cores 29-35, 440-592 meters (middle
Miocene-early Miocene)

The top of this sedimentary sequence (Cores 29-31) con-
sists predominantly of a greenish gray to light olive-gray
marly chalk with minor fluctuations (10%) in terrigenous
content, moderately to strongly burrowed. The sediment
contains less than 1 per cent sand, 20-40 per cent fine silt-
sized particles, and 60-80 per cent of clay-sized particles.
The major components are calcareous nannofossils (35-60%)
and clay minerals (30-60%). Of minor importance are
foraminifers (0.5-5%), pyrite (trace-2%), quartz (trace-2%),
and heavy minerals (trace).

The base of this subunit (Cores 32-35) is essentially of the
same texture and composition as the top, but differs in the
appearance of cyclic sedimentation, reflected by the occur-
rence of white nannofossil chalk layers interbedded with
greenish gray to light brownish gray marly chalk. The nan-
nofossil chalk contains 50 per cent clay-sized particles
(mostly of carbonate). More than 70 per cent of the sediment
consists of calcareous nannofossils (among which are well-
preserved coccospheres) associated with minor amounts
(=s=20%) of clay minerals, of unspecified carbonate (2-5%),
and of foraminifers (1-5%). The white chalk seems to be
more intensively burrowed than the overlying marly chalk
(Figure 4), and presents very well-preserved zoophycos
(Figure 5).

In this subunit, the coarse fraction is characterized by
abundant (40-95%) and well- to moderately-preserved
(=S2O% fragmented tests) planktonic foraminifers. They are
generally associated with benthic foraminifers (10-25% of
calcareous species; 3-7% of arenaceous species), echinoids
(1-3%), ostracodes («£l%), fish remains (^2%), pyrite (1-
5%), and mud aggregates (3-70%). Throughout Subunit 2a,
large fluctuations occur, which are related to:

1) the abundance (3-70%) of mud aggregates (brownish
red or light gray in color), among which numerous (10% in
Core 31) internal molds or fillings of foraminifers are pres-
ent. Mud aggregates are particularly abundant in Cores 29 to
33 and in Core 35.

2) the abundance of pyrite (appearing as filling in
foraminifers, echinoids, or as free aggregates of various
shapes). Pyrite is relatively abundant (5%) in Cores 29 and
30.

3) the degree of fragmentation of the calcareous benthic
foraminifers (10-80% of fragmented or broken tests). The
preservation is particularly poor (50-80% of broken tests) in
Cores 29 and 33 and in Core 35.

4) the degree of fragmentation of the arenaceous benthic
foraminifers (40-95% of strongly fragmented tests). Frag-
mentation is particularly high in Cores 29 to 33 and Core 35.

Obviously there is a high correlation between the presence
of mud aggregates, pyrite in the sediments, and the poor
preservation of benthic foraminifers. The degree of fragmen-
tation of planktonic foraminifers is also affected in the same
way but to a lesser degree: fragmentation fluctuates from
10-20 per cent in samples very poor in mud aggregates to
20-30 per cent in mud aggregate-rich samples.

In summary, the large fluctuations in the degree of preser-
vation of the foraminifers throughout Subunit 2b result from
use of H2O2 in sample preparation. The original degree of
preservation of the calcareous foraminifers treated by H2O2
can only be estimated from samples very poor or devoid of
mud or pyritized mud aggregates. Better still, avoid the use
of H2O2.

The CaCOβ content of this subunit and its standard devia-
tion is 58 ±9 per cent (23 determinations, see barrel sheets)
ranging from 46 to 75 per cent.

Unit2c: Cores 36-44, andCores 1-3 (3 62A), 592-820 meters
(early Miocene-late Oligocene)

This subunit has more foraminifers than Subunit 2b. The
sedimentary sequence consists predominantly of dark brow-
nish gray to greenish gray marly chalk, with interbeds of
lighter greenish gray-brown tinted chalk. The sediment is
moderately to strongly burrowed. Very well preserved
zoophycos are present. The sediment texture is the same as in
the previous subunit (silt, 20-50%; clay, 30-80%). The sedi-
ment composition is also very similar to the composition of
Subunit 2a, with the exception of the clay-mineral content
(10-40%) and the proportion of foraminifer-nannofossil
chalk to foraminifer-bearing nannofossil chalk.

In the coarse fraction, planktonic foraminifers are domin-
ant (70-90%), associated with calcareous (3-5%) and
arenaceous (1-5%) benthic foraminifers, fish debris (3%),
echinoids (1%), and various amounts of mud aggregates
(trace-25%). The preservation of calcareous foraminifers is
moderate (30-40% of fragmented planktonic foraminifer
tests) throughout this subunit.

The CaC03 content and its standard deviation is 53 ±8 per
cent (29 determinations, see barrel sheets) ranging from 37 to
67 per cent. There are no CaCOβ data for Cores 42-44 of Hole
362.

Unit 3

Hole 362A: Cores 3-5, 820-924 meters (Oligocene)

Unit 3 differs from the two preceding units by the occur-
rence of white layers of "Braarudosphaera chalk." This
"chalk'' locally has the appearance of a very soft white ooze
(chantilly cream!). It is interbedded with dark brownish gray
to dark olive-gray or brownish gray marly nannofossil chalk.
This sequence is intensively burrowed (Figure 7) and has
cross laminations associated with coarse calcareous concre-
tions in the chalk (Figure 8) or silty layers with erosional
contacts (Figure 9). The sediment has 40 to 70 per cent
silt-sized and 25-50 per cent clay-sized particles but is locally
coarser. As previously, the major components are calcareous
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2 cm

Figure 7. Heavily burrowed limestone and
marly limestone, Hole 362A, Sample
5-3, 126-142.

nannofossils (coccoliths and Braarudosphaera pentaliths)
and clay minerals (15-30%). The secondary components are
foraminifers (2-10%), dolomite rhombs (2-35%), un-
specified carbonate (2-7%), quartz (2-10%), and pyrite
(1%). The "Braarudosphaera chalk" contains very few
coccoliths («s 10%) and is up to 98 per cent whole or broken
Braarudosphaera bigelowi pentaliths.

The coarse fraction consists of planktonic foraminifers
(95%), with calcareous benthic foraminifers (2%), fish de-
bris (1%), echinoids (1%), and arenaceous foraminifers
(1%).

Planktonic and benthic foraminifers are both moderately
preserved (20-25% fragmented).

The CaC03 content varies from 33 per cent in the marly
chalk to 86 per cent in the "Braarudosphaera chalk," av-

>1

2 cm

Figure 8. Laminations and calcareous
white concretions in Oligocene Braar-
udosphaera chalk, Hole 362A, Sam-
ple 4-4y 87-110 cm.
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2 cm

Figure 9. Example of erosion contact
(marl/silt layer), Hole 362A, Sample
4-5, 67-80 cm.

eraging 66 ±24 per cent (9 determinations, see barrel
sheets).

Unit 4

Hole 362A: Cores 6-12, 924-1081 meters (upper to middle
Eocene)

Unit 4 differs from Unit 3 in the lack of' 'Braarudosphaera
chalk," in the presence of massive limestone, of laminated
limestone, and of coarse calcarenite and slumping features.

Cores 6 to 9 consist of greenish-gray to grayish-brown
light-gray marly nannofossil limestone. The sediment is in-
tensively burrowed. At the base of this unit (Cores 10-12),
turbidite deposits (calcareous siltstones and sandstones, or
calcarenites) occur. The turbidite sequence presents a coarse
calcarenite (Figure 10) at the base, grading into a cross or
parallel laminated limestone (Figures 11 and 12), and a very
fine, massive limestone (Figure 13). The oldest sediments of
this unit (Core 12) are strongly affected by diagenesis, which
has resulted in a progressive silicification or recalcification of
the sediment.

2 cm
Figure 10. Eocene coarse calcarenite gra-

ding to laminated calcareous siltstone,
Hole 362A, Sample 9-2, 0-25 cm.
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t••

2 cm

Figure 11. Laminated Eocene calcareous
siltstone, Hole 362A, Sample 9-1, 125-
138 cm.

The scarcity of coccoliths (5%), the abundance of un-
specified carbonate (60%), and the strong recrystallization of
the foraminifers in Core 12 reflect the intensity of the
diagenesis. The major sediment components are: calcareous
nannofossils (5-50%), clay minerals (20-30%), and un-
specified carbonate (25-60%). These are associated with
small amounts of foraminifers (2-5%, with the exception of
Core 8 which contains 25% of foraminifers), quartz (1-2%),
and traces of tourmaline, chlorite, zoisite, and diopside.

The coarse fraction contains planktonic foraminifers (80-
98%), calcareous benthic foraminifers (1-3%), arenaceous
foraminifers (3-20%), echinoids (2%), ostracodes (2%), and
fish debris (trace-5%). The preservation of the planktonic
foraminifers ranges from moderate (25% fragments) in upper
Eocene (Core 6) to good in lower-upper Eocene and middle
Eocene sediments (Cores 7-9, 11, and 12). The core catcher
of Core 10 consists only of crystallized calcareous aggre-
gates; and the foraminifers of Core 12 are entirely recrystal-
lized.

The CaCOβ content of this unit is high, averaging 74
Φ ± 13 per cent, ranging from 71 to 95 per cent (14 determina-
tions, see barrel sheets).

2 cm

Figure 12. Laminated Eocene limestone,
Hole 362A, Sample 10-3, 63-75 cm.

Site 363 Lithologic Descriptions

Site 363 was spudded into sediments which drape the north
side of a peak on the Frio Ridge portion of the Walvis Ridge
(Barnaby, 1974). The sediments dip gently to the north,
eventually lapping over the nearby steep northern scarp of
Frio Ridge which is free of an acoustically definable sedi-
ment cover. Dredge stations on this scarp by R/V Jean Char-
cot close to Site 363 recovered highly altered basalts (Heki-
nian, 1972) and Albian shallow-water fossils judged to be in
situ (Pastouret and Goslin, 1975). Erosional material de-
scribed by Hekinian indicates that some portion of Walvis
Ridge must once have been at sea level. The location of Site
363 was picked to take advantage of these preliminary dis-
coveries and decipher the shallow water history of the ridge
as well as the nature of volcanic basement. However, the
thick sequence of indurated Cretaceous limestones encoun-
tered at the site was not anticipated, and unfortunately suc-
ceeded in destroying the bit just short of basement after an
unusually short rotating life of 28.6 hours. The sediment
section recovered, nevertheless, meets many of the objec-
tives anticipated but not reached at Site 362, such as a section
cored continuously across the Cretaceous-Tertiary boundary,
and penetration of Lower Cretaceous sediments bearing on
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2 cm

Figure 13. Massive Eocene limestone, Hole
362A, Sample 9-1,111-125 cm.

the relationship of the Walvis Ridge to the adjoining Cape
and Angola basins. Site 363 also dates the Walvis Ridge,
contains information on the subsidence of the ridge, and
reveals complex changes in current action and the condition
of water masses which periodically swept across it.

Site 363 was drilled to a depth of 715 meters sub-bottom in
2247 meters of water, yielding sediments ranging in age from
middle Miocene to upper Aptian. Coring began at 31 meters
and cores of 9.5 meters length were spaced at 19-meter
intervals throughout the site, except between 297 and 354
meters, and 363.5 meters and 392 meters, which were cored
continuously. A total of 40 cores was taken with a recovery of
59.7 per cent, representing 33.2 per cent of the total sediment
column. We divided the sedimentary sequence into three
stratigraphic units and several subunits on the basis of com-
position, color, sedimentary structures, and location of
hiatuses in the record. Compositional percentages are based
on visual estimate of the frequency of major components in
smear slides and of calcium carbonate content listed on the
barrel sheets at the end of this chapter. A summary of the

lithologic units and their age is given in Figure 14. Smear-
slide, CaCOβ, and X-ray diffraction data (Siesser and
Bremner, this volume) are synthesized on Figure 15. This
will be discussed separately later.

Unit 1: (Cores 1-21, 31-373 m) Foraminifer and
Nannofossil Oozes and Chalks

Unit 1 consists of 342 meters of uppermost Cretaceous to
middle Miocene pale yellow, light yellow-brown, light gray,
and light greenish gray oozes (Cores 1-3) and chalks (Cores
4-21). White Braarudosphaera ooze layers occur in middle
and lower Oligocene Cores 4-8 (Figure 16) which are desig-
nated Subunit IB (Core 4, Section 2, 65 cm, to Core 8,
Section 2, 120 cm). A marked decrease in the preservation of
nannofossils occurs in Core 18, Section 2 through Core 21,
beginning at the Cretaceous-Tertiary boundary (Core 18,
Section 2, 50 cm). These cores are designated Subunit ID.
CaC03 in Unit 1 ranges from 34 to 98 per cent, averaging
60-80 per cent in most cores (Figure 15). It is 90 per cent or
more in Braarudosphaera ooze layers.

Colors throughout Unit 1 vary from pale orange to pale
gray at relatively sharp contacts not always blurred by bur-
rowing, which is locally moderate to intense. The contacts
may possibly be bedding planes, but there are no definite
beds or laminations until the base of the Eocene (Core 14).
There is a small but consistent terrigenous component,
primarily a few per cent detrital quartz and clay. Terrigenous
material is slightly more abundant in the lowest cores of the
unit where minor silty burrows and marly chalk laminations
occur more frequently. Core 14 marks the latest period of
evidence for current activity recorded in the cores, with silty
laminations, minor slump features, erosional contacts, and
winnowed zones scattered from there to the base of the unit.
However, current activity may have shortened the middle
and upper Eocene sections, and there is an abrupt contact
from orange ooze to gray ooze in Core 1, Section 4, at 80 cm
corresponding to a break between middle and lower
Miocene. Both the Miocene and upper-middle Eocene sec-
tions at Site 363 are thinner than their counterparts at Site
362, but the thickness of the Oligocene is about the same.
Sedimentologic evidence for currents in Cores 1-14 may
have been obliterated by intense burrowing (and possibly by
coring deformation) but may be represented by some of the
sharp alternations in color, from gray to orange, as in Core 1.
The color differences are manifested mainly by small
amounts of hydrous iron oxides in the orange chalks, absent
in the gray. This may reflect sediment sorting of heavy
minerals by currents, with subsequent alteration and oxida-
tion of ferromagnesian silicates and iron oxides in the orange
layers.

The proportion of foraminifers to nannofossils observed in
smear slides fluctuates greatly within each core, but
foraminifers are rarely more abundant than about 30 per cent.
Both planktonic and benthic foraminifers are well rep-
resented. Very soft, even soupy, pure white Braarudospha-
era oozes occur in intervals of 2 to 60 cm in length, alternat-
ing with the usual orange and gray foraminifer-nannofossil
chalks (Figure 16). In all likelihood Braarudosphaera oozes
predominate in this interval as most of them probably washed
out during coring (recovery is very low in Cores 7 and 8).
This Braarudosphaera interval corresponds to a major acous-
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limestone

3
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Figure 14. Lithologic column Site 363.

tic reflector and correlates with Oligocene Braarudosphaera
oozes at Site 362, where it is designated Lithologic Unit 3 and

is a major reflector, and at Site 360, where it is also a major
reflector. These unusual oozes are predominantly or entirely
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composed of Braarudosphaera. Such predominance makes
it unlikely that dissolution removed all the other species,

especially since Braarudosphaera itself is invariably well
preserved. Unusual blooms are therefore suggested, requir-
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2 cm

Figure 16. Braarudosphaera ooze, Site 363,
Sample 7-1, 101-125 cm.

ing unusual Oceanographic conditions. Braarudosphaera is
found in greatest abundance in near-shore waters with
salinities reduced by fresh-water drainage from the land. It
forms only a small percentage of the population of nannof-
loras in the more saline open ocean. The inferred blooms
apparently were restricted to the Cape Basin as Braarudos-
phaera oozes were not found at Site 364 in the Angola Basin.
They may have been related to high fresh-water influx from
the Orange River during the Oligocene, coupled with up wel-
ling of nutrient-rich intermediate or deep low-salinity water
masses. The Walvis Ridge, which acts to deflect the Ben-
guela Current toward the west away from the African coast,
may have prevented the blooms from extending into the
Angola Basin.

Cores 14 through 21 all show evidence for current activity.
The features include fine laminations richer in terrigenous
material than the surrounding chalks, sometimes inclined 10°
to 15° from horizontal or showing slight grading or cross-
bedding (Figure 17). The laminations usually occur in
closely spaced clusters, occasionally accompanied by in-
clined erosional contacts and slump structures. Several win-
nowed zones occur entirely within chalky zones, however,

2 cm

Figure 17. Fine silty laminations in
limestone, Site 363, Sample 19-4,
109-133 cm.

and are thus unrelated to terrigenous input. These generally
have a higher proportion of foraminifers to nannofossils than
unwinnowed zones. The current activity, though, did not
obliterate burrowing.

Core 18, Section 2 through Core 21 differs little from Core
14 through Core 18, Section 2, in color variations, degree of
bioturbation, or frequency and style of current-related fea-
tures. Nevertheless, a significant increase in the clay-sized
fraction was observed in smear slides of these cores (Figure
15). Most of this is carbonate rather than true clays since the
calcium carbonate (listed on the barrel sheets) data for sam-
ples from these cores indicates 65-87 per cent CaCOβ (Figure
15), levels similar to most other cores in Unit 1. The increase
in the clay-sized fraction is matched by an increase in un-
specified carbonate observed in smear slides. This is the
fraction of identifiable carbonate that can neither be assigned
to nannofossils and foraminifers nor to any other fossil or
mineral category. It appears as large clay-to fine silt-sized
grains with irregular shapes. Most of this material is probably
broken-up nannofossils, since many of the recognizable nan-
nofossils are partially fragmented. Partial recrystallization
may also have occurred in these cores with the resulting
cementing calcite appearing as unspecified carbonate
(micarb) grains. The clay-sized fraction is therefore primar-
ily unspecified carbonate that is too fine to resolve as carbo-
nate. Coincident with the jump in unspecified carbonate in
Core 18 is also a sharp increase in the proportion of
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foraminifers to nannofossils, consistent with the breakdown
of nannofossils into unspecified carbonate grains, and in the
proportion of foraminifers showing signs of dissolution
(Melguen, this volume).

The sudden breakdown of nannofossils and the poorer
foraminifer preservation at Core 18 correspond with the
Cretaceous-Tertiary boundary and the period of slowest
sedimentation rate at Site 363 (see Sedimentation and Ac-
cumulation Rates section, this chapter). This time period
apparently saw a worldwide rise in the carbonate compensa-
tion depth (Worsley, 1974), the effect of which we are
apparently seeing here. A similar reduction in nannofossil
preservation was observed at the Cretaceous-Tertiary bound-
ary at Site 364, and at Site 361, which was much deeper,
pelagic clays were deposited at this time. These also are the
probable results of a higher CCD.

Since the Cretaceous-Tertiary boundary at Site 363 coin-
cides with a break in fossil preservation and sedimentation
rate, it is convenient to designate Cores 18 to 21 as Subunit
Id. It is important to note that there was no change in the
supply of terrigenous material at this time (CaCC»3 averages
78 ±8% in Cores 1-16, and 83 ±4% in Cores 17-19; see
barrel sheets and Figure 15, nor any significant change in the
appearance or frequency of sedimentary structures in the
sediments. The low sedimentation rate is not the result of an
erosional hiatus, which in any event cannot explain the poor
nannofossil and foraminifer preservation. At Site 363, it
appears that a sharp rise in the carbonate compensation depth
alone was responsible for the reduction in sedimentation rate.
Nevertheless, Site 363 was apparently elevated enough to
receive a significant thickness of Paleocene carbonate sedi-
ments, usually absent in deeper sites on the ocean floor
because of the worldwide rise in the CCD.

Unit 2: (Cores 22-39, 373-696 m) Marly Chalks, Marly
Limestones, Calcareous Mudstones, and Limestones

Unit 2 consists of 323 meters of cyclically bedded chalks,
marly chalks, and calcareous mudstones. Through Core 35,
these sediments are gray brown, dark gray-brown, or
greenish gray in color, considerably darker than chalks and
oozes of Unit 1. This is because the terrigenous component of
these cores is considerably greater than in Unit 1 and possibly
because near-bottom conditions were generally more reduc-
ing , or diagenetic effects more pronounced. Silty laminations
are more common, even abundant, and more closely spaced
than in Cores 14 to 21 of Unit 1 (Figure 18). Other sedimen-
tary structures such as slumps and erosional contacts are also
more abundant (Figure 19). The abundances and proportions
of quartz, alkali, feldspar, and Plagioclase are greater in Unit
2 than Unit 1 (see Figure 15). Several black pyritic layers are
found in Core 26 (Figure 19) nearly coinciding with the peak
of terrigenous influx to Site 363, during which silts and
calcareous mudstones predominated. Below Core 27, the
terrigenous component is lower, dropping to levels compara-
ble to Unit 1 in Cores 35 to 39. However, the cyclic alterna-
tion of dark sediments (with a higher terrigenous component)
and light-colored limey layers persists (Figure 20). This
cyclic appearance is related either to fluctuating terrigenous
input or to a consistent sorting mechanism perhaps estab-
lished with the migration of small dunes in a fairly constant
and strong current regime.

2 cm

Figure 18. Closely spaced fine silty lamina-
tions within two siltier layers in massive
burrowed limestone, Site 363, Sample
29-1, 0-25 cm.

Unit 2 is divided into four subunits as follows: Unit 2a
(Cores 22-25), gray marly chalks and minor chalks and
calcareous mudstones, terminating at the base of Core 25 in
the Coniacian, Unit 2b (Cores 26 and 27), a highly tele-
scoped upper Albian (perhaps Turonian-Cenomanian) of
marly chalks and calcareous mudstones with black pyritic
mudstones, a high terrigeous component, and much evidence
for current activity; Unit 2c (Cores 28-35), marly limes-
tones, lesser limestones, and calcareous mudstones with
limestones more abundant toward the base until Unit 2d
(Cores 36-39) limestones predominate over marly lime-
stones. The latter contact (Units 2c to 2d) is gradational and
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2 cm

Figure 20. Sequence of burrowed limey layer and
finely laminated silt-rich layer, Site 363, Sample
28-6, 50-70 cm.

2 cm

Figure 19. Finely laminated, internally cross-bedded silty
layer with concentration of pyrite toward base. This is
above a micro-faulted and slump-deformed zone. Site
363, Core 26-1, 121-150 cm.

is arbitrarily placed between Cores 35 and 36 below which
limestones are truly predominant.

Units 2a and 2c are similar although induration has pro-
ceeded sufficiently in the latter to term the rocks limestone
rather than chalk. Both units show regular alternations of
color—light grays to dark grays or gray browns—and have
interlayers of pale gray-green. The only difference between
the lighter gray and the pale gray-green marly chalks ap-
pears to be a slightly higher but still small percentage of a
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green chloritic mica observed in smear slides of the latter.
There appears to be no difference in the range of composi-
tions (e.g., terrigenous/calcareous, sand:silt:clay) exhibited
by the lighter gray marly chalks compared with the greenish
marly chalks, nor any relationship of these colors to the
onset or termination of zones of silty laminations. Calcare-
ous mudstones, however, are usually a much darker brown-
ish gray than the marly chalks and are rarely green in color.
The differences probably indicate small original differences
in the proportions of ferromagnesian silicates and detrital
magnetite in the layers, the result of sorting. Oxidation and
breakdown of these minerals during diagenesis resulted in
different colors, depending on the abundance of the miner-
als (more iron oxides—a redder or browner color) and the
extent of the breakdown. The pulses of heightened terrigen-
ous input throughout Unit 2 do not in general correspond to
the color fluctuations. The oldest greenish marls are in Core
34; below this, colors are gray or gray-brown corresponding
strictly to the amount of terrigenous material in the sedi-
ment. Here diagenesis has extensively recrystallized all
chalks to limestones, apparently reconstituting most iron
originally present in detrital iron oxides and ferromagnesian
silicates into the ubiquitous green mica observed in smear
slides of these sediments.

Laminations, silty zones, erosional contacts, and dipping,
graded- or cross-bedded features are common throughout
Unit 2 but are most extreme in Core 26, Unit 2b, upper
Albian in age (Figure 21). Here in addition are found spec-
tacular deformed sediment layers, flow structures, micro-
faults and soft-sediment slump features (Figure 19). These
alternate with zones of homogeneous sediments, deposited in
a more tranquil regime, locally intensely bioturbated. In
these same sediments where bottom life occasionally thrived
in between bursts of terrigenous material, are five 2 to 4 cm
thick, black pyritic mudstones. Pyrite amounts to perhaps 15
per cent of these layers, but organic carbon is low (Foresman,
this volume). These layers are therefore not sapropels. The
pyrite is probably mechanically concentrated since the layers
occur in cores with abundant evidence for sorting of sands
and silts. The pyrite may have formed as a result of break-
down of organic material during diagenesis of sediments, and
originally it may have been highly dispersed. The intense
sediment sorting processes evident in the proximal cores may
have produced "placer" pyrite layers. But the possibility
cannot be excluded that the pyrite source was originally an
organic-carbon rich euxinic deposit or sapropel of local or
regional extent, eroded and reworked by currents.

The terrigenous material in Unit 2 is predominantly quartz
and clays with minor garnet, tourmaline, and zircon indicat-
ing continental provenance. There is no obvious volcanic
material in the form of lithic grains, ash layers, breccias, or
detrital minerals diagnostic of volcanic sources, such as
sanidine, olivine, or pyroxenes. Thus, no portion of the
Walvis Ridge was supplying major amounts of mafic or salic
volcanic materials to Site 363 at any time recorded by the
recovered sediments. There is no indication of volcanic activ-
ity in the Upper Cretaceous during which the Walvis Ridge
has been hypothesized to have uplifted and had volcanic
activity (Connary, 1972;FrancheteauandLePichon, 1973).

Since most silty laminations and cross-bedded lenses carry
some sand-sized quartz, fairly strong currents must have

.«,

2 cm

Figure 21. Layer graded from sand to fine
silt at erosional contact with deformed
finely laminated marly limestone, Site
363, Sample 26-1, 90-110 cm.

prevailed near the summit of Walvis Ridge during upper
Albian and Upper Cretaceous times. Either bottom currents
or turbidity currents moved continent-derived sediments
from the continental margin along the narrow crest of Walvis
Ridge to Site 363, a distance at that time of possibly 150 km.
No massive turbidites were recovered at Site 363 although
turbidity currents were almost certainly responsible for
transporting terrigenous material to the vicinity of the site.
The cyclicity of terrigenous and calcareous laminations and
layers suggests sediment reworking in the form of large
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ripples or small dunes in which sediments were sorted into
coarse and fine, light and heavy, components.

In general, during deposition of Unit 2, calcareous
microfossils provided the carbonate component of the sedi-
ments . These were chiefly planktonic and benthic foramini-
fers, and nannofossils, all deposited in bathyal depths (see
Biostratigraphy and Paleontology, this chapter) but well
above the depth where dissolution could have been impor-
tant. Preservation of many of these fossils is poor, however,
because of extensive recrystallization. The Aptian-Albian
foraminiferal assemblage is both endemic and dwarfed, re-
flecting both the isolation and restricted circulation of the
South Atlantic at that time. Large calcite grains which chiefly
filled the chambers of foraminifera are abundant, and dolo-
mite rhombs form several per cent of the smear slides in the
lowest cores. Calcispherulids are a relatively abundant minor
component. Large ammonites were found in several places as
well as a few Inoceramus shells (see T. Matsumoto, this
vo^me).

Cementation in the lowest cores of Unit 2 is essentially
complete in the carbonates. Stylolites, solution pits, and
coronas around dolomite crystals can be seen. Laminations
and burrows, however, are well preserved (Figure 22). Pyrite
flecks and micronodules are fairly common. Sandy layers
with abundant continent-derived quartz are found as deep as
Core 38, though erosional contacts are much less common
than in Cores 22 to 32.

In summary, Unit 2 is characterized by a major pulse of
terrigenous sediments peaking the late Albian probably de-
posited in the midst of a fairly steady supply of calcareous
microfossils. These sediments were pushed around by cur-
rents, mixed, sorted, deposited, eroded, and deposited again.
In Core 26, current sorting produced several unusual black
layers rich in the heavy component pyrite, whose source is a
matter of speculation. The peak of terrigenous influx nearly
corresponded with the peak of current activity and resulted in
the most telescoped portion of the hole, from the top of the
Albian through the Santonian. But the added terrigenous
input was more than compensated by the erosional power of
currents, resulting in overall lower sedimentation rates than
either before or since. The sediments were moved off the
Wal vis Ridge to either or both basins on either side.

Unit 3: (Core 39, Lower Part of Section 4, and Core 40,
696-715 m) Limestones, Including Calcarenites

Approximately 1 meter of limestone was recovered in the
last two cores. This material contained the only evidence at
Site 363 for the shallow-water history of the Walvis Ridge.
The limestone is several separate, subrounded pieces with
smaller diameters than that of the core line. This is the type of
material usually recovered just prior to bit failure. The limes-
tone pieces in Core 40 are out of sequence. All are light
brownish gray massive foraminifer limestones with a few
small lenses of carbonate sandstone (calcarenite). Thin sec-
tions were made of six of these pieces. In the sections, the
calcarenites consist of well-rounded massive limestone
grains in a micritic cement (Figure 23). The sand grains
appear to have been rounded in a high-energy (near-shore)
environment. Opal fills cavities and chambers of unknown
organisms (Figure 24). The planktonic assemblage is judged

2 cm

Figure 22. Longitudinal section through
large Zoophycus burrow, Site 363,
Core 21-4, 104-117 cm.
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1 mm
Figure 23. Rounded grains of recrystallized limestone

from calcareous algae (?), in micrite cement. Photo-
micrograph in plane polarized light. Site 363,
Core 40.

to be lower neritic in character (see Biostratigraphy Sum-
mary, this chapter). In the massive limestones, fragments of
calcareous algae occur (Figure 25), such as are typically
formed in shallow-water sediments. In addition, slightly
birefringent phosphatic material also occurs in the thin sec-
tions (Figure 26). Such phosphatic material is virtually un-
known in sediments deposited below about 500 meters be-
cause P2O5 supersaturation in seawater is prevented below
this by increasing partial pressure of CO2 (Kazakov, 1937;
Roberson, 1966). According to Gulbrandsen (1969), forma-
tion of phosphate minerals in seawater requires "a special
steady supply of phosphate, originally derived from organic
matter, and a decreased capacity of seawater for phosphate.
These conditions probably prevail in shallow parts of
seas...where large amounts of organic matter accumulate in
oxygenated waters of higher than normal salinity."
Phosphate-rich marine sediments often are found in shallow
waters in regions of upwelling (Blatt et al., 1972).

The limestone is judged to be upper Aptian in age, a
minimum though probably very close estimate of the age of
Walvis Ridge basement at this site.

After retrieving Core 40, the drill advanced several meters
through a very soft formation. The center bit was lowered to
clear an obstruction in the throat of the bit which appeared to
be blocking circulation. The center bit jammed, necessitating

1 mm

Figure 24. Opal in cavities of possible calcareous
algae particles all in recrystallized limestone matrix.

retrieval of the entire drill string. When the bit was finally
brought to the surface, all the cones were gone, and the center
bit had punched out any possible material from the soft
formation that may have been in the bit. One can only
speculate what this material might have been, but very rapid
drilling rates were achieved with a bit having virtually no
ability to cut. Perhaps the material was a poorly consolidated
sand.

Basement is estimated at 720 meters sub-bottom from the
departing Glomar Challenger profile although basement re-
lief of perhaps 50 meters is evident in the vicinity of the site.
Bit failure so close to basement thwarted the primary objec-
tive of the site. It is therefore not possible to say whether this
part of the ridge was ever subaerial, although we know it was
shallow, and we do not know the nature of volcanic base-
ment.

SUMMARY OF OBSERVATIONAL DATA ON SITE
363 SEDIMENTS

The curves plotted on Figure 15 summarize smear-slide
observations and CaC03 data, both on the barrel sheets at the
end of this chapter, as well as X-ray diffraction data of
Siesser and Bremner (this volume). There are several dif-
ficulties in using these data to establish down-hole trends. A
word on these is in order.
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1 mm

Figure 25. Recrystallized and fragmental thalli (?)
of calcareous algae. Photomicrograph in crossed
nichols. Site 363, Core 40.

Smear-Slide Data

Visual estimates (not point counts) were made of compo-
nents in smear slides. The size range of particles (foramini-
fers versus coccolith pentaliths, for example) is so great that
areal proportions are difficult to estimate and are even more
difficult to relate to the true volume per cent. A similar
problem occurs with flat micaceous flakes (chlorite?) which
can easily be overestimated on an areal basis.

In addition, clay-sized carbonate particles were typically
listed as clays, and the true clay-mineral component could
not be seen because the index of refraction of many of the
finer clays matched that of the mounting medium almost
exactly. The clay minerals could only be seen when clumped
on carbonate particles (in which case the carbonate particles
were darkened), or when observed on portions of smear
slides not covered with Caedex.

Another problem is sediment heterogeneity—especially in
intervals of cyclic alternation of terrigenous and biogenous
materials. The selection of intervals chosen for smear slides
might not be representative of the proportions of each sedi-
ment type in any given lithologic unit.

Because of these difficulties, the visual estimates of each
sediment type were averaged for the smear slides of each
core, then a grand average was computed based on the
proportions of each sediment type present in a core. These

data are plotted on Figure 15, with smooth curves through the
data points. Hopefully, the visual observations lumped to-
gether in this way are more representative than individual
smear slides and can give a crude estimate of major variations
in lithology through time.

X-ray Diffraction Data

The principal means of determining abundances of miner-
als in sediments using X-ray diffraction data has always been
to relate particular peak heights to peak heights of minerals
present in different, but known, proportions in a set of stan-
dards. This can work well when only two or three minerals
are involved, but is difficult in such heterogeneous materials
as the sediments of Leg 40. Siesser and Bremner (this vol-
ume) used a variant of this approach to determine relative
abundances of the three clay minerals, kaolinite, K-mica
("illite"), and montmorillonite. They did not include chlo-
rite in this analysis, nor differentiate mixed-layer clays from
the others. These data are plotted versus depth on Figure 15.

Siesser and Bremner (this volume) rightly made no attempt
to determine the proportions of quartz or clays to calcite, nor
dolomite to calcite based on the diffraction data. The data for
these minerals plotted on Figure 15 are simply the ratios of
peak heights (or the sum of peak heights for the clay minerals
and feldspars) to the peak height for calcite. In the lower part
of Site 363, where dolomite becomes prominent, quartz,
feldspars, and total clay peak heights were calibrated to the
sum of peak heights for calcite and dolomite. This assumes
that equivalent amounts of calcite and dolomite produce
comparable peak heights.

As with the smear-slide data, only gross mineralogical
changes ought to be inferred from X-ray diffraction peak
height data such as this. Apart from having the peak height
data plotted normalized to total carbonate peak height, Figure
15 is essentially equivalent to the tables of Siesser and
Bremner (this volume).

Since only 19 samples were submitted to X-ray diffraction
analysis for Site 363, some lithologies doubtless are severely
over- or under-represented. Only one calcareous mudstone
(from Core 26) for example, was analyzed, although these
are abundant from Cores 22 to 27. For this reason, X-ray
diffraction data points are connected by straight lines on
Figure 15, rather than smooth curves, to distinguish them
from smear-slide and CaCOβ data, which are based on sev-
eral determinations per core.

CaCOs Data

Most CaC03 data were determined by measuring organic
and total carbon at the DSDP sediment laboratory with a
LECO 70-second Analyzer. Organic carbon is subtracted
from total carbon, and CaCθ3 calculated from the difference
stoichiometrically. No attempt is made to take into account
the weight difference due to dolomite, since Mg/Ca was not
determined.

About 20 per cent of the CaCOβ data was determined
onboard ship by the "Karbonat Bombe" method (measures
CO2 pressure build-up in a sealed vessel as powdered sedi-
ment in the vessel is mixed with hydrochloric acid). It is less
precise than the LECO method, and also does not distinguish
calcite from dolomite.
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1 mm rnm
Figure 26. Round particles of possible calcareous algae cemented by phosphorite. Site 363, Core 40. (A) In plane

polarized light. (B) With crossed nichols.

Overall Quality of the Data

Of the data on Figure 15, the CaCCb data is most represen-
tative of the variations in terrigenous and biogenous input.
Relative differences in the proportions of quartz, feldspars,
and clays, and of calcite to dolomite, are indicated by the
X-ray diffraction data. The smear-slide observations on car-
bonate particles reveal gross changes in the state of preserva-
tion of foraminifers and nannofossils which are probably
valid. The proportions of clays plus quartz in smear slides
tend to be underestimated compared with the non-CaCθ3
component of the sediments (determined by difference from
the CaCOβ data), but mimic it in a general way. There is an
important exception to this in the Paleocene and Upper Cre-
taceous sediments, where fine carbonate particles were esti-
mated as clays in smear slides. For this reason, clays esti-
mated from smear slides are plotted as ' 'clay-sized'' particles
on Figure 15.

In short, Figure 15 is not a quantitative indicator of mineral
or particle abundance. Its advantage, though, is that down-
hole trends can be readily appreciated at a glance.

INTERPRETATION OF FIGURE 15

The data presented on Figure 15 reflect variations in the
terrigenous input, probable provenance, calcium carbonate
dissolution, and diagenesis.

Terrigenous Input and Provenance

Continent-derived quartz, feldspars, and clays are present
in every core. Quartz and feldspar are notably more abundant
in the Cretaceous than in the Tertiary section. Feldspars
include both Plagioclase and alkali feldspar. Clays include
more kaolinite in the Aptian, and more montmorillonite in
the late Albian-Santonian than at other times. Total carbonate
is about as high in the Lower Cretaceous as in the Tertiary,
but drops noticeably in Unit 2a, the late Albian-Santonian
interval of abundant mudstones.

The quartz and alkali feldspars (plus heavy minerals such
as tourmaline and zircon) point to a largely granitic prove-
nance in the Aptian. The decline in kaolinite and the shift
toward more montmorillonite might reflect a trend to a more
basaltic provenance by the Late Cretaceous. This might be
more of a jump than a shift. The history of Site 363 can be
summed up in four stages:

1) subsidence from shallow-neritic to bathyal depths, ac-
companied by

2) gradual progradation of continent-derived shelf de-
posits out over Walvis Ridge, peaking in the late Albian;

3) gradual reduction of sources for terrigenous material
through the Late Cretaceous into the Neogene, causing a
decline of terrigenous input, and finally;

4) removal of perhaps 700 meters of Neogene to Recent
section (estimated from its thickness at Site 362), perhaps in
several events, by erosion related to the Benguela Current.
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But the second of these stages might also involve a more
radical change in current patterns in the South Atlantic. Even
with a heightened terrigenous input, Unit 2a has been shor-
tened considerably by erosion. The timing of this coincides
roughly with the onset of the second period of anoxic
sedimentation in the Angola Basin (see Chapter 4, this vol-
ume) , and could presumably reflect extensive horizontal and
vertical water movements north of Walvis Ridge, perhaps
alternating periods of stagnation and flushing of deep waters
(see Chapter 4, this volume).

Calcium Carbonate Dissolution

On the basis of foraminifer fragmentation data, Melguen
(this volume) proposes "dissolution cycles" (elevations of
the carbonate compensation depth) at the end of the Cretace-
ous and in the Eocene at Sites 360, 361, 362, and 363.

The event at the end of the Cretaceous is seen in Site 363
smear slides mainly as a disintegration of nannofossils to
so-called "unspecified carbonate." A large portion of this is
estimated as "clay-sized" material (Figure 15). One result of
this is that the proportion of foraminifers to recognizable
nannofossils appears to increase, even though foraminifers
have been subjected to dissolution as well. Similar increases
in the proportion of foraminifers to nannofossils occur in the
Eocene and upper Oligocene-lower Miocene, and may re-
flect the latter two of Melguen's dissolution cycles.

Diagenesis

Apart from evidence for calcium carbonate dissolution just
described, Figure 15 illustrates little about calcium carbonate
diagenesis. The principal effects in the lower cores are indu-
ration and cementation, especially the infilling of foraminifer
tests with calcite crystals. Other diagenetic effects chiefly
involve transformations of silicate minerals and the forma-
tion of dolomite.

The heightened proportion of kaolinite in the lower Aptian
might reflect diagenetic breakdown of alkali feldspars with
depth. The latter are abundant enough for this to be a plausi-
ble effect. It may be tied to dolomitization, which is marked
in these same cores. Matsumoto et al. (this volume) have
shown that the mineral dolomite here is a typically high-iron
variety, approaching calcian ankerite in composition. Simi-
lar high-iron dolomite occurs associated with sapropels at
Site 364, and Matsumoto et al. believe the high iron reflects
euxinic conditions (low Eh) during formation of the dolo-
mite. However, there is no evidence for reducing conditions
in the dolomitic limestones at Site 363. It is possible, then,
that dolomitization at Site 363 was diagenetic, and occurred
after the carbonates were buried, removing them from the
oxidizing conditions of near-surface sediments. The
dolomitizing fluids may have migrated into the sediments
from the underlying (presumed basaltic) volcanic basement.
Pore fluids in the lower cores have heightened Mg+2 and
Ca+2, and Mg+7Ca+2, an effect which at other DSDP sites
appears to be the result of cation exchange with volcanic
basement (Sotelo and Gieskes, this volume). The age of the
dolomitized sediments, though, is the same as those of Site
364 which were, apparently, formed in a hypersaline envi-
ronment (Matsumoto et al., this volume). Thus, a similar
origin for dolomites of Site 363 is equally plausible.

Matsumoto et al. (this volume) noted that opal was fairly
abundant in these lower cores, based on their own X-ray
diffraction data. They presumed that this was the result of
higher biogenic productivity of siliceous organisms in the
Early Cretaceous. However, Kastner et al. (1977, in press)
have found that diagenetic conversion of clays to opal is
accelerated in the presence of CaC03, which is abundant in
these cores. The infilling of foraminifer tests with opal (Fig-
ure 24) supports this alternate interpretation.

This evidence for the mobilization of silica is somewhat at
odds with the presence of phillipsite in the Cretaceous cores.
That phillipsite occurs at all is surprising, since Stonecipher
(1976) found that phillipsite occurs in no DSDP cores
through Leg 35 older than Eocene nor more deeply buried
than 600 meters. The diagenetic conversion of montmorillo-
nites (smectites) to mixed-layer clays (smectite-illites)
through time eventually promotes conversion of phillipsite to
clinoptilolite by releasing silica. Apparently, opal formed as
a result of silica release, but not all phillipsite was converted
to clinoptilolite. Both clinoptilolite and phillipsite still occur
in the Cretaceous samples from Site 363 examined by X-ray
diffraction.

Phillipsite also usually requires a basaltic precursor
(Stonecipher, 1976) and is typically associated with smec-
tites (derived mainly from basalts) in younger sediments. The
provenance of terrigenous material in the Aptian cores of Site
363 is primarily granitic, although the presence of
montmorillonite suggests partially mafic sources as well.

However, it is possible that the phillipsite has an origin
similar to that at Sites 361 and 364, where it occurs in
sapropels with little or no associated montmorillonite (Seis-
ser and Bremner, this volume). Natland (this volume) as-
cribed its presence in these sites to heightened salinity, fol-
lowing the stability diagrams of Hess (1966) and its occur-
rence in siliceous tuffs in saline lakes (Hay, 1966). The
stability diagrams showed that silica activity decreases in
waters with high Na/K. This results in expansion of the
stability volume of phillipsite at the expense of montmorillo-
nite. This explanation could also serve at Site 363, and
suggests that the seawater masses that enveloped and period-
ically swept over Walvis Ridge were unusually saline. They
would have been, in all likelihood, the saline anoxic waters
trapped behind Walvis Ridge in the Angola Basin that fol-
lowed evaporite deposition there, and in which high-Na
dolomites (Matsumoto et al., this volume) and carbonaceous
shales were deposited.

GEOCHEMICAL MEASUREMENTS

Site 362/362A

While drilling on Sites 362 and offset 362A, a continuous
gassy section was penetrated in beds of diatomaceous nan-
nofossil ooze of Pleistocene and middle Miocene age which
lay between the sediment-water interface and a depth of 464
meters. Immediately after the first cores were recovered,
trains of small gas bubbles which rapidly came out of solution
could be seen through the liner. Gas pockets quickly began to
form as the cores began to expand and part simultaneously
(Figure 27). Sometimes within minutes after sectioning and
capping a core, the resulting confined pressure caused the
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2 cm

Figure 27. Gas cracks in Sample 362-8-2, 29-50
cm.

taped polypropylene end caps to be forced from the liner,
thus extruding several centimeters of slurry onto the lab deck.

In most instances, however, gas pressure was only enough to
cause a bulge in the flexible end caps.

On an air-free basis the gas consists primarily of methane
(CH4) with a lesser amount of carbon dioxide (CO2), and
traces of hydrogen sulfide (H2S) and free nitrogen (N2). As
shown graphically in Figure 28, these components follow
parallel trends of concentration, reaching a maximum in the
stratigraphic interval between Cores 9 and 26, cut at depths of
121.5 and 387.5 meters, respectively. Clearly, based on
composition and nature of the sediments, this gas was gener-
ated in situ from bacterial activity taking place in the uncon-
solidated sediments.

Site 363

Neither the presence of gas, nor other evidence of hydro-
carbons were detected in the cores recovered at Site 363. A
few bubbles were noticed in the fluid recovered with Cores 3
and 4. This was followed by slight bulging of the end caps
when nearing ambient temperature. Upon analysis, however,
the gas was found to consist only of air.

PHYSICAL PROPERTIES

Sites 362 and 362A

At Site 362 and offset Site 362A, 1081 meters of
Quaternary-Tertiary diatomaceous marly nannofossil ooze,
Pliocene-Miocene marly nannofossil chalk, and Eocene
limestones were found. This site provided an opportunity to
compare the physical properties of siliceous sediments with
carbonate sediments. No major unconformities were disco-
vered at this site, so all changes in the physical properties can
be directly related to increasing overburden pressures and
cementation.

Unfortunately, Cores 8 through 22 contained significant
amounts of H2S, CH<t, and CO2 gas (see Figure 28 and
Foresman, this volume). The disturbance caused by the ex-
pansion of these gases was manifested by the highly variable
physical properties measured in this zone. The abundance of
gas encountered was such that it caused the explosion and
removal of the end caps of some core containers. From these
same core liners sediment was exuded, indicating that gas
expansion had caused an increase in core volume. Once the
gaseous zone was passed through, the degree of core distur-
bance was greatly reduced.

Bulk Density

Compared with the bulk density-depth relationship at pre-
vious sites, the bulk density values obtained from the upper
sediments at this site are somewhat random and do not
conform as well to a linear decrease with depth. This variabil-
ity can be attributed to gas expansion and core disturbance in
the upper 500 meters of recovered sediment. The gravimetric
measurements of bulk density, as plotted on Figure 29, are
less random throughout the entire sediment column.

The values of bulk density, measured both gravimetrically
and by GRAPE, were much lower for the diatomaceous
marly nannofossil ooze than for other oozes measured thus
far on this leg. The porosity values for this type of sediment
were greater, suggesting that the diatomaceous ooze was
more loosely packed than other types of ooze. Although the
upper section at this site was disturbed, the bulk density
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COMPONENTS IN GAS-SITE 362

CH4 % (Un-normalized)
20 30

1
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EYE-BURNING THOROUGHLY
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RELATIVE H2SODOR

400-

450- -

NOTE: Traces of free N2 also present.
Curves represent un-normalized per
cent of given sample - usually 2.0 ml.

500- 32
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Figure 28. CO2 and CH4 versus depth, Site 362/'362'A. H2S "stink" factor also shown.

increased generally with depth. This increase correlates with
the changes from an ooze to a chalk and then to a limestone.

The plot of porosity values on Figure 29 illustrates a
typical curve of porosity reduction with depth. Initial poros-
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ity in the diatomaceous nannofossil ooze was between 70 and
80 per cent. In the more calcareous ooze, the values of
porosity ranged from 60 to 70 per cent, while the porosity of
the chalk varied between 35 and 60 per cent. In many of the
lower chalks in which cementation and recrystallization have
occurred, the porosity was reduced to 5-30 per cent. In the
deepest cores of Hole 362A, recrystallization processes have
proceeded to a point such that the chalk has become a limes-
tone. A number of these limestones had large pores, some of
which were filled with uncemented clay material. Although
some of these pores were several millimeters in diameter,
there was little communication between them.

Sonic Velocity

Initial sonic velocity measurements from the upper 100
meters of Site 362 averaged 1.62 km/sec. The presence of gas
caused core disturbance and attenuated sound energy in the
section between 100 and 330 meters. This disturbance is
clearly evident in Figure 29, where sonic velocity is plotted
versus depth, which shows much scatter. Thus, the measured
velocities do not reflect the in situ conditions. At a depth of
510 meters, the slope on the velocity plot rapidly increases
and continues linearly to a value of 4.0 at 1075 meters. This
sharp break in slope can be attributed to a change in the nature
of the chalk, possibly heralding the beginning of cementa-
tion. The velocity values which were greater than 3.0 come
from sections in which recrystallization of the chalk into a
limestone has occurred. Shallow recrystallization processes
as observed at this site lend evidence to the hypothesis that
the rocks below the depth sampled may be either completely
cemented or recrystallized. If this trend continues with depth,
then a persistent velocity increase with depth can be ex-
pected.

We defined seven major acoustic units (see Correlation of
Reflection Profile with Drilling Results, this chapter) from
the seismic profile made while approaching this site (see
Figures 33 and 34). The mean measured compressional-wave
velocities of these acoustic units are presented in Table 4.
The acoustic units are not completely comparable to
lithologic units, but they do show positive correlation with
certain of the physical properties. The base of Acoustic Unit I
corresponds to a sediment found to have a markedly de-
creased number of diatoms. This change in lithology accom-
panied concomitant changes in the measured values of poros-
ity, bulk density, and water content. Another correlation,
between acoustic units and physical properties, occurs at the
base of Acoustic Unit IV. Here, a marked increase in sonic

TABLE 4
Mean Compressional-Wave Velocities, Site 362/362A

Unit

Acoustic Unit I
Acoustic Unit II
Acoustic Unit HI
Acoustic Unit IV
Acoustic Unit V
Acoustic Unit VI
Acoustic Unit VII

Time to Base
of Unit

(sec)

0.115
0.24
0.42
0.69
0.94
1.31
1.60

Mean Measured
Velocity

1.63
1.62
1.65
1.72
2.07
2.84

not penetrated

aTwo-way reflection

velocity and in bulk density values was found. The top of
Acoustic Unit VI may correspond to a sharp increase in bulk
density.

Shear Strength

Selected sections of Cores 1 through 22 were used to
measure the natural and remolded shear strengths. The sedi-
ment lithology of these cores ranged from a diatomaceous
marly nannofossil ooze, with other minor siliceous compo-
nents, to marly nannofossil chalk. Shear strength increased
linearly to a value of 1122 g/cm2 at 168 meters depth sub-
bottom (Figure 29). This maximum was encountered in the
H2S gas zone. The largest amount of gas was measured just
below this depth (Figure 28). As Figure 29 illustrates, below
168 meters the plotted values of shear strength decrease to a
value of 75 g/cm2 at 300 meters. This was almost as low as
the initial values measured at much shallower depths at
previous sites. The low initial values of shear strength may be
due to a high water content. Figure 29 displays the general
decrease of water content which occurred with increasing
depth. The initial values of 90-120 per cent decreased 5-20
per cent in the limestones below 850 meters. The decrease in
shear strength values between 170 and 300 meters was not
accompanied by a corresponding increase in water content.
This decrease may, then, be due to gas expansion core
disturbance.

Summary

In the comparison of siliceous sediments to calcareous
oozes, measured values of water content and porosity were
greater in the former, while the bulk density and shear
strength values were greater in the latter. Despite these dif-
ferences, the measured velocities of the oozes were nearly
equal. All of the measured physical properties reflect the
changes from an ooze to a chalk to a limestone. These
changes are most clearly evident from the plots of velocity
and bulk density.

Site 363

Site 363 was located on a topographic high of the northern
flank of the Walvis Ridge system. This topographic feature is
the surface expression of a basement high which formed in
Aptian time. The formation of this ridge system coincided
with the opening of the South Atlantic. The basement high
has probably maintained the same basement-elevation differ-
ence since its creation. As it was a peak subject to currents
flowing across the ridge system, the depositional history of
this site is represented by a condensed section of biogenic
material with several major hiatuses. The hiatuses indicate
that erosional-depositional processes have been active since
the origin of the ridge system. Associated with some of the
hiatuses are slump features and dipping beds, indicating that
the recovered sediments may have been deposited on a loc-
ally steep slope. The physical properties of the recovered
material reflect these major discordances and yield informa-
tion about the actual amount of sediment deposited.

GRAPE

The bulk density plotted on Figure 30 increases in a linear
fashion from 1.7 g/cm3 at 50 meters to 2.4 at 615 meters. The
porosity, also plotted on Figure 30 decreases in a correspond-
ing manner. The high values of 1.7 g/cm3 would not be found
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in near-surface sediments of this lithology unless a previous
overburden has been removed. As the rates of sediment
deposition during Oligocene and Miocene periods at Sites
362 and 363 are about the same (see below), sediments of
comparable age should have seen about the same overbur-
den. At Site 362, bulk-density values only reach 1.7 g/cm3 in
the lower Miocene at 630 meters sub-bottom. The first sedi-
ments recovered from Site 363 at 50 meters were lower
Miocene. As sedimentation rates at the two sites did not vary,
an overburden of between 450 and 800 meters might have
been removed from the present site in order for similar bulk
densities to be found. With the periodic removal of the most
recently deposited, less indurated sediments, the entire sec-
tion was never present at one time. Consolidation tests
(Hottman et al., this volume) suggest that the maximum
amount of sediment that was ever deposited on top of the
Miocene at this site was 100 meters or less. This implies that
erosion has to be the dominant process since Miocene along
this portion of the Walvis Ridge.

Figure 30 displays a reduction in porosity values from 56
per cent at 40 meters to a low of 15 per cent at 615 meters. For
comparably aged rock, the measured values of porosity are
greater at Site 363 than that at other sites. This is because the
section has never been complete at Site 363 and cementation
and recrystallization have not proceeded to the same extent as
at other sites.

Sonic Velocity

Initial sonic velocity measurements of material recovered
at 40 meters depth are greater than 1.7 km/sec (Figure 30).
These same sediments have high values for bulk density. The
velocity ranges between 1.7 at a depth of 40 meters to 1.8 at
210 meters. At 210 meters, plotted values display a marked
break in slope and increase rapidly to values greater than 3.0
km/sec at depths below 650 meters.

Through the use of key markers in the stratigraphic sec-
tion, correlation of reflectors from Sites 362 and 363 were
made (see below). The seismic reflectors themselves are not
completely transferable from Site 362 to Site 363 but their
nature and age are sufficiently similar to compare them.
From the comparison of the seismic reflectors, the same
acoustic units were described for each site. Site 363 was
spudded in at the base of Acoustic Unit IV and penetrated into
Acoustic Unit VIII which rests on basement. The acoustic
units and their mean measured velocities are listed in Table
5. In general, the velocities of Site 363 acoustic units are

TABLE 5
Mean Compressional-Wave Velocities, Site 363

Unita

Acoustic Unit
Acoustic Unit
Acoustic Unit
Acoustic Unit
Acoustic Unit
Basement IX

IV
V
VI
VII

vπi

Time to Base
of Unitb

(sec)

0.03
0.16
0.45
0.66
0.67

Mean Measured
Velocity

1.74?c
1.73
1.97
2.66
3.11

Not penetrated

lower than in comparable units at Site 362. This is because
Site 363 had less overburden and cementation at shallow
depths. The two reflectors that are most easily traced to other
areas of the South Atlantic are at the base of Acoustic Unit V,
aBraarudosphaera chalk, and the base of Acoustic Unit VI,
a Cretaceous unconformity. The significance of these reflec-
tors is discussed in a later section.

Shear Strength

Shear strength measurements were made on the upper 100
meters of sediment recovered at Site 363 (Figure 30). Below
112 meters, the sediment was a chalk which cracked with
penetration of the miniature vane. The initial values of 166.7
g/cm2 are unexpectedly low for Miocene sediments that may
have had several hundred meters of overburden at a previous
time. As shown in Figure 30, shear strength rapidly increases
to 1133 g/cm2 at 58 meters. Just as rapidly, the shear strength
decreases to a low value of 292 g/cm2 at 112 meters. This
rapid change is similar to that illustrated on the shear strength
profile presented in Figure 30 for Site 362. At Site 362, the
maximum occurred at 168 meters, whereas at the present site
it occurred at 58 meters.

The values of water content decrease linearly from 52 to 7
per cent (Figure 30). The initial values of approximately 52
per cent are significantly smaller than the water content
values of the upper sediment at Site 362. These smaller
values result from dewatering by previous overburden pres-

sures .

Summary

^Continuation of acoustic units from Site 362/362A
"Two-way reflection time
cBased on a single sample

Because of the topographic setting of Site 363, charac-
terized by a complex series of erosional and depositional
cycles, the true sediment column has been thinned. A com-
parison of physical properties measured at Sites 362 an- 363
suggests that several hundred meters of Tertiary sediments
may have been removed by a Pleistocene (?) erosional event.
Since a complete sediment column has never been present,
the physical properties measured here reflect primarily the
net amount of sediment deposited between erosional events.
The initial values of sonic velocity and bulk density are
greater than expected at shallow depths, thereby reflecting
the previous overburden. The bulk density and sonic velocity
from the older and deeper sediments are not as great as
similar-aged sediments from Site 362 since they were never
subjected to the same amount of overburden.

BIOSTRATIGRAPHY AND PALEONTOLOGY

General Remarks, Site 362/362A

At Site 362 805.5 meters of Pleistocene to upper
Oligocene sediments were penetrated, and the offset Hole
362A recovered lower Miocene to lower Eocene sediments
between 636 and 1081 meters. Pleistocene to upper Pliocene
sediments were penetrated in the first 100 meters, the middle
to lower Pliocene measures about 60 meters, and the
Miocene extends over some 610 meters. The Oligocene has a
thickness of about 170 meters and the upper Eocene to lower
Eocene measures about 140 meters.

At Site 362, coring was continuous from Cores 1 to 14
(36-169 m). An alternating coring/drilling ratio of 1:1 was
maintained from Cores 15 to 33 (178.5-530.5 m). The inter-
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val 549-805.5 meters (Cores 34-44) was cored mostly at a
coring/drilling ratio of 1:2.

With the closely spaced coring of Sites 362 and its exten-
sion 362A, a nearly complete Pleistocene to late lower
Eocene section was recovered, and most of the planktonic
foraminiferal and calcareous nannoplankton zones were rec-
ognized. The very thick Miocene section is remarkable,
particularly the upper part which alone measures about 280
meters.

Biostratigraphy

For the subdivision of the section by means of planktonic
foraminiferal and calcareous nannoplankton zones and corre-
lation of the zonal Schemes applied, reference is made to
Tables 6 and 7. As at Site 360, both the Austral-New Zealand
and the tropical planktonic foraminiferal zonal schemes are
applied. In addition to planktonic foraminifers and calcare-
ous nannoplankton, radiolarians and diatoms are also of
stratigraphic significance where they occur in the upper part
of the section. The radiolarian distribution pattern at Site 362
is similar to that of the Northern Pacific and is used for this
site.

Pleistocene-Pliocene

Site 362, Cores 1 to 14 (36-169 m). Only Core 1 is
definitely Pleistocene on the basis of both planktonic
foraminifers and calcareous nannoplankton. Whereas Cores
2 to 5 (upper part) still fall into the Pleistocene nannofossil
Emiliania ovata Zone, Core 5 (lower part) to Core 10 (upper
part) could only be dated as Pleistocene or Pliocene because
of the paucity of index forms. The absence of warm-water
foraminiferal markers allows Cores 2 to 7 only to be given a
Pleistocene or upper Pliocene date. The radiolarian species
Axoprunum angelinum in Pleistocene Sample 2-4, 99 cm
gives a minimum age of 400,000 years. From Core 7 (lower
part) downwards the subdivision of the section on the basis of
planktonic foraminifers becomes more accurate, both on the
tropical and the Austral-New Zealand zonal schemes. The
same also applies for the calcareous nannoplankton zones
from Core 10. The base of the Pliocene lies between Cores 14
and 15 on the basiβ of both planktonic foraminifers (first
occurrence of Globórotalia margaritae) and calcareous nan-
noplankton.

On the basis of nannofossils part of the lower Pliocene
seems to be absent. On the basis of radiolarians the
Miocene/Pliocene boundary is within Core 14, very close to
the boundary picked using calcareous nannoplankton and
planktonic foraminifers.

The diatoms of Core 1 (36-45.5 m) are assigned to the
Pleistocene Pseudoeunotia doliolus Zone. Those of Cores 2
to 4 (45.5-74 m) are characteristic of the Pliocene-
Pleistocene boundary interval. Cores 5 to 7 (74-102.5 m) are
placed in the Pliocene Rhizosolenia praebergonii Zone and
Cores 8 to 10 (102.5-128 m) in theNitzschiajouseae Zone.
The interval of Cores 10 and 11 (128-134 m) is in the
Thalassiosira convexa Zone, and Cores 11 to 22 (134-321 m)
contain no stratigraphically significant markers. The upper
Miocene-lower Pliocene boundary is placed within this in-
terval since Cores 23 to 27 (330.5-416 m) are correlatable
with the Miocene Coscinodiscus yabei Zone.

Miocene

Site 362, Cores 15 to 42 (178.5-767.5 m). Most planktonic
foraminiferal (tropical and boreal) and nannoplankton zones
could be distinguished in the Miocene, which was of consid-
erable extent (610 m). The thickness of the zones is quite
variable. On the basis of planktonic foraminifers, the upper
Miocene Globórotalia dutertrei and Globórotalia acostaen-
sis zones are particularly outstanding (about 280 m); their
thickness is almost as much as the remaining middle and
lower Miocene combined. Within the tropical zonal scheme,
several of the middle and lower Miocene zones either could
not clearly be identified or are much reduced in thickness.
The reason for this is apparently the marginal position of Site
362 in relation to the distribution of tropical planktonic
foraminifers during the Neogene. Using calcareous nannop-
lankton, the sequence of Miocene zones is continuous and
more recognizable.

Oligocene

Hole 362A, Cores 2 to 6, Section 4 (796-ca.938 m). The
Oligocene contains a typical warm-water planktonic
foraminiferal fauna with index species present allowing a
subdivision into the Globigerina ciperoensis ciperoensis,
Globórotalia opima opima, Globigerina ampliapertura, and
Cassigerinella chipolensislPseudohastigerina micra zones.
Globórotalia kugleri is absent (but it is present in the lower
Miocene). It may have been missed in the uncored interval of
95 meters between Core 1 (696-701 m) and Core 2 (796-
805.5 m). The calcareous nannoplankton distribution
through the Oligocene and its zonal sequence do not show a
sedimentary gap.

Eocene

Hole 362A, Cores 6, CC to 11 (ca.938-1081 m). Because
of the poor preservation of planktonic foraminifers, the sub-
division of the Eocene section using this fossil group proved
rather unsatisfactory. The Globórotalia cerroazulensis s.l.
Zone, the uppermost in the Eocene, was only recognized in
the core catcher of Core 6. The deeper upper Eocene
Globigerinatheka semiinvoluta Zone is better developed.
The middle and lower Eocene part of the section could only
tentatively be zoned; individual zones could not be clearly
distinguished.

There is good agreement between planktonic foraminifers
and calcareous nannoplankton on the location of the
Eocene-Oligocene boundary within Core 6. As at Site 363 it
is very slightly higher based on nannoplankton. The upper-
middle Eocene Chiasmolithus oamaruensis Zone was not
recognized, but it may fall within the uncored interval bet-
ween Cores 8 and 9. The normal sequence there of the
nannoplankton assemblages shows that the middle to lower
Eocene part of the section is continuous.

Paleontology

Planktonic foraminifers, benthic foraminifers in lesser
numbers, and calcareous nannoplankton are present
throughout the section, allowing them to be studied and
their distribution followed from the Pleistocene to the lower
Eocene. Radiolarians are frequent in the Pleistocene to
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TABLE 6
Correlation of Pleistocene to Upper Oligocene Calcareous Nannoplankton and Planktonic Foraminiferal Zones in Site 362

AGE CALCAREOUS NANNOPLANKTON ZONES

AUSTRAL-NEW ZEALAND

PLANKTONIC

FORAMINIFERAL ZONES

(Jenkins 1966, 1967, 1975)

TROPICAL

PLANKTONIC

FORAMINIFERAL ZONES

(Boll i 1957, 1966, 1973)

AGE

Emiliαniα huxleyi/
Gephyrocαpsα ocean ica

36 - 45,5 Globorotalia truncatulinoides Globorotalia truncatulinoides PLEISTOCENE

45,5- 55

PLEISTOCENE
Emiliania ovata

55 - 64,5

64,5- 74

74 - 83,4

3,5- 93

PLEISTOCENE

PLIOCENE

93 -102,5

Globorotalia inflara

102,5-112

112 -121,5

PLIOCENE

OLIGOCENE

Discoaster brouweri
121,5-131

131 -140,5

Reticulofenestra pseudoumbilica 140,5-150

150 -159,5

Amaurolithus
tricorniculatus

Discoaster
quinqueramus

Ceratolithus acutus 159,5-169

178,5-188

197,5-207
Triquefrorhabdulus
rugosus 216,5-226

Globorotalia puncticulata

235,5-245

245,5-264

273,5-283

Amaurolithus
primus

292,5-302

311,5-321

330,5-340

349,5-359

Discoaster
berggrenii 368,5-378

387,5-397

406,5-416

Discoaster calcarls 425,5-435

444,5-454

Discoaster hamatus 463,5-473

482,5-492
Catinaster coalitus

Discoaster kugleri
501,5-511

520,5-530

Discoaster e×ilis 549 -558,5

Globorotalia conomiozea

Globorotalia miotumida

Globorotalia mayeri mayeri

Sphenolithus hereromorphus 577,5-587

596,5-606

Orbulina suturalis

Praeorbulina glomerosa curva

Helicosphaera ampliaperta 615,5-625

Sphenolithus belemnos 644 -653,5

672,5-682

Globigerinoides trilobus
trilobus

Discoaster druggii
701 -710,5

729,5-739

Triquetrorhabdulus carinatus 758 -767,5

786,5-796

Sphenolithus ciperoensis 796 -805,5

Globigerina woodi

Globigerina euapertura

Globorotalia truncatulinoides

Globorotalia truncatulinoides
cf. tosaensis

PLEISTOCENE

UPPER PLIOCENE

Globorotalia miocenica

Globorotalia margaritae

Globorotalia dutertrei

Globorotalia acostaensis

Globorotalia menardii

Globorotalia mayeri /
Globorotalia fohsi robusta

Globorotalia fohsi lobata

Globorotalia fohsi fohsi
Globorotalia fohsi periphero-
ronda

Praeorbulina glomerosa curva

Globigerinatella insuera

Globigerinita stainforthi
C5lobia.erinJtS.djssjmMis_ _

Globigerinoides primordius/
Globorotalia kugleri

Globigerina ciperoensis
ciperoensis

PLIOCENE

MIOCENE

OLIGOCENE

upper Pliocene, and continue in much reduced numbers well associations are also present with an identical distribution to
into the middle Miocene down to Core 26. Rich diatom the radiolarians, i.e., from Cores 1 to 26. The following
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TABLE 7
Correlation of Oligocene and Eocene Calcareous Nannoplankton and Planktonic Foraminiferal Zones in Site 362A

AGE

OLIGOCENE

EOCENE

M

L

U

M

CALCAREOUS

NANNOPLANKTON ZONES

Sphenolithus distentus

Sphenolithus predistentus

Helicosphαerα reticulαtα

Ericsoniα subdistichα

Sphenolithus pseudorαdiαns/
Isthmolithus recurvus

Reticulofenestrα umbilicα

Nαnnotetrinα fulgens

Discoαster sublodoensis

D
E

P
T

H
 

B
E

L
O

W

S
E

A
 

F
L

O
O

R

IN
 

M
E

T
E

R
S

696 - 701

796 - 805,5

834 - 843,5

872 - 881,5

910 - 919,5

929 - 938,5

948 - 957,5

967 -976,5

995,5-1005

1024 -1033,5

1062 -1071,5

1071,5-1081

C
O

R
E

1

2

3

4

5

6

7

8

9

10

11

12

TROPICAL

PLANKTONIC

FORAMINIFERAL ZONES

(Bolli 1957, 1966, 1973)

Globigerinoides prlmordius

Globigerinα ciperoensis cip.

Globorotαliα opimα opimα

Globigerinα αmpliαperturα

Cαssigerinellα chipolensis/
Pseudohαstigerinα micrα

Globorotαliα cerroαzulensis s.l.

Globigerinαthekα semiinvolutα

Truncorotαloides rohri to
Orbulinoides beckmαnni

Globorotαliα lehnerl
to Globigerinαthekα
subconglobαtα subconglobαtα

Globorotαliα pαlmerαe (equivalent)

AGE

L

U

M

L

U

M

L

MIOCENE

OLIGOCENE

EOCENE

faunal/floral groups present at Site 362/362A were studied
for special contributions included in this volume and the
supplement volume:

Neogene planktonic foraminifers (Jenkins)
Paleogene planktonic foraminifers (Toumarkine)
Neogene benthic foraminifers (Cameron)
Paleogene benthic foraminifers (Proto Decima and Bolli)
Calcareous nannoplankton (Proto Decima, Medizza, and

Todesco)
Tertiary radiolarians (Pisias and Moore)
Tertiary diatoms (Schrader)

Planktonic Foraminifers

Neogene: Planktonic foraminifers are frequent through-
out, though dissolution has affected them to some degree,
particularly in the Oligocene and Eocene (see Toumarkine,
her fig. 6, this volume). Preservation in general is good in
the Neogene, but often poor in the Paleogene where speci-
mens are frequently broken or rolled. The Neogene faunas
(Cores 1-42, 36-767.5 m), in contrast to those of Cape
Basin Site 360, are characterized by an increased presence
of temperate- to warm-water species such as Globorotalia
fohsi peripheroacuta, G. fohsi lobata, G. menardii, G.
dutertrei, G. truncatulinoides truncatulinoides, and
Globigerinoides ruber. On the other hand, temperate- to
colder-water species such as Globigerina pachyderma, G.
bulloides, G. miozea conoidea, G. miozea miozea (which
dominate the Cape Basin Site 360 faunas) continue to be
present here, though in lesser numbers. The Site 362
Neogene planktonic foraminiferal fauna thus consists of
both cooler- and temperate- to warmer-water species. This
is explained by the position of the site on Walvis Ridge,

between the Cape Basin and Angola Basin. That fluctua-
tions in water temperature must have existed here through at
least part of the Neogene is shown by the only restricted
occurrence of e.g., Globorotalia fohsi peripheroacuta in
Sample 34, CC or G. fohsi lobata in Sample 33, CC. The
occurrence and distribution of planktonic foraminifers
throughout the Neogene also seems to indicate progressive
cooling. This is indicated by the absence in the lower and
middle Pliocene of such typical tropical species as
Globorotalia multicamerata, G. miocenica, and G. exilis.

Paleogene: The Paleogene planktonic foraminifers are
also not fully tropical in their species composition. This is
shown by the occurrence in the upper Eocene of only minute
Globigerinatheka semiinvoluta, as are also present in the
Alpine-northern Mediterranean region, and by frequent
Globigerinatheka subconglobata luterbacheri and G. index
index. In the lower Eocene the abundant and large sized
Globorotalia aragonensis caucasica and the absence of G.
palmerae point to more temperate conditions. The presence
here of Cribrohantkenina and Globigerinatheka semiin-
voluta indicate that water temperatures were warmer than
those at Cape Basin Site 360.

Benthic Foraminifers

As at Site 360, benthic foraminifers are infrequent com-
pared with the planktonic forms. However, their occurrence
throughout the Neogene and Paleogene justified closer
study of the occurrence of taxa, both to show their distribu-
tion in the cores and to compare this distribution with the
planktonic foraminiferal zones. Dissolution is negligible or
moderate through most of the section. Thus, the distribution
charts present a fairly complete picture of the species pres-
ent and their stratigraphic significance.
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Calcareous Nannoplankton

Calcareous nannofossils are abundant throughout the sec-
tion, but discoasters are rare in some samples, particularly
in the Pleistocene-Pliocene part of the section, making a
zonal subdivision difficult. Sample 9, CC contains abundant
reworked lower Eocene coccoliths of the Discoaster
binodosus Zone. This is the same zone where oval-shaped
nannofossils (Proto Decima et al; this volume, Plate 2, Fi-
gures 9-12) were found at Site 361.

A sharp change in the nannoflora takes place in the mid-
dle and lower Oligocene Sphenolithus distentus,
Sphenolithus predistentus, and Helicosphaera reticulata
zones (362A, Cores 3, CC-5). The usual associations are
here replaced by very richBraarudosphaera layers. Though
Recent Braarudosphaera are abundant in coastal waters and
only rare in the open ocean, they are here associated with
rich open-sea planktonic foraminifers, and the benthic
foraminifers present are also not of the shallow-water type.
It is difficult therefore to use the Braarudosphaera blooms
as depth indicators in this site.

Cool to temperate waters are suggested for the Pleis-
tocene by the frequent Coccolithus pelagicus, and for the
Pliocene and upper to middle Miocene by the scarcity of
discoasters. For the middle to lower Miocene and the
Oligocene the common sphenoliths indicate more temperate
conditions. Compared with Cape Basin Site 360, a strong
reduction of chiasmoliths occurs in the Oligocene and
Eocene of Site 362A, an indication of warmer water condi-
tions. Nannoplankton thus show a trend of progressive cool-
ing from the Paleogene through the Neogene, as also indi-
cated by the planktonic foraminifer distribution.

Radiolarians

Pleistocene to upper Miocene radiolarians occur at Site
362 from Cores 1 to 26 (36-397 m). Specimens are in-
frequent in Cores 8-26 but common in Cores 1 to 7 where
Cycladophora davisiana is abundant.

Opal Phytoplankton Remains

Cores 1 to 26 yield a rich and diverse diatom flora. Of
interest are the displaced fresh-water assemblages in Sam-
ples 7-5, 79-80 cm and 17-6, 79-80 cm with abundant
Melosira granulata and Stephanodiscus astreae, associated
with phytoliths. Fecal pellets in Sample 5-5, 79-80 cm con-
tain well-preserved marine diatoms. No diatoms are present
below Sample 27-1, 79-80 cm.

General Remarks, Site 363

The section at Site 363 is complementary to Site 362/
362A, where drilling penetrated 1081 meters of Pleistocene
to middle Eocene sediments. Site 363 repeats the lower 230
meters of Site 362/362A (middle Miocene to lower middle
Eocene), continues through the lower Eocene and Paleocene
(100 m), the Upper (110 m) and Lower Cretaceous (275 m),
bottoming in upper Aptian calcarenite at 715 meters.

From 31m through most of the hole, a 9.5 meter core
was taken every 19 meters. The Cretaceous-Tertiary bound-
ary interval (Cores 15-23, 297-392 m) was cored continu-
ously, with the exception of 354-363 meters.

Only Core 1 and the upper part of Core 2, both rich in
well-preserved planktonic foraminifers and calcareous nan-
noplankton, are Miocene in age. Core 2 through the upper
part of Core 9 contains a complete sequence of upper, mid-
dle, and lower Oligocene planktonic foraminifer zones. The
lower part of Core 9 through Core 14 contains most of the
Eocene planktonic foraminifer zones. The upper part of the
upper Paleocene probably falls into the uncored interval
between Cores 14 and 15. Cores 15 to 18 (upper part) con-
tain most of the recognized middle and lower Paleocene
planktonic foraminifer zones. The oldest known Paleocene
(Globigerina eugubina Zone, Markalius inversus Zone) was
not recognized in Core 18 which contains the Cretaceous/
Tertiary boundary. Preservation of planktonic foraminifers
and calcareous nannoplankton is mostly good, with only
moderate dissolution effects.

Core 18 (lower part) to Core 21 contains a rich and well-
preserved upper, middle, and lower Maestrichtian
planktonic foraminifer fauna of Tethyan character. Because
of strong dissolution Cores 22 to 25 are barren of planktonic
foraminifers, but calcareous nannofossils in this interval are
upper Campanian-Coniacian in age. The Cenomanian and
Turonian thus appear to be missing.

The next deeper core, Core 26, is already middle-upper
Albian. Core 39, the deepest core containing planktonic
foraminifers, is upper Aptian. The Albian-Aptian
planktonic foraminifers are of a cooler water, boreal type,
indicating that no opening of the South Atlantic to the
Tethys to the North existed at that time.

Calcareous nannofossils occur throughout the Cretaceous
cores; their preservation is good in Maestrichtian Cores 18
and 19, becoming gradually less well preserved downhole
in Cores 20 to 25. Below this, calcareous nannofossils are
scarce and generally poorly preserved. Core 40, the deepest
core containing calcareous nannoplankton, is dated as upper
Aptian/lower Albian. In general there is good agreement
between planktonic foraminifer and calcareous nannop-
lankton dates throughout ohe Tertiary and Upper Creta-
ceous.

Radiolarians are absent in the Neogene-Paleogene, and
mostly rare and poorly preserved in the Cretaceous, allow-
ing only very tentative age determinations.

Calcisphaerulids occur from the lower Paleocene (Core
18) to the Campanian (Core 22) and again in the Albian-
Aptian (Cores 26-39), where they often constitute most or
all of the 44-63 µm fraction. Several of the taxa distin-
guished are of stratigraphic significance in that Paleocene,
Maestrichtian, Campanian-Maestrichtian, Albian, and
Aptian-Albian species can be distinguished.

Several ammonites were recovered in the Albian-Aptian.
They are sufficiently well preserved to allow the distinction
of four different species (phylloceratids and desmoceratids).
Their mode of preservation was the subject of a special
investigation by Wiedmann and Neugebauer (supplemental
volume) which indicates deposition on the outer shelf/upper
continental slope in sediments of slightly reducing condi-
tions.

No phytoplankton opal skeletons were seen in samples
investigated from Cores 1 to 39.
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Biostratigraphy

Miocene

From top to bottom Core 1 (31-40.5 m) contains the
middle Miocene Globorotalia menardii and Globorotalia

fohsi lobata zones, and the lower Miocene Globigerinoides
primordius Zone; the upper two zones are contaminated
with Pleistocene. On the basis of calcareous nannoplankton,
the upper Miocene Discoaster hamatus, the middle
Miocene Discoaster exilis and the lower Miocene Discoas-
ter druggii Zone are distinguished. A distinct color change
from gray to reddish takes place btween the middle and
lower Miocene within Section 4 of Core 1. Core 2, Section
2, is still in the planktonic foraminifer Globigerinoides
primordius Zone, but is upper Oligocene based on calcare-
ous nannoplankton.

Site 363 contains the most extensive and complete
Paleogene section recovered on Leg 40, having planktonic
foraminifers similar to those of the Caribbean and the more
temperate-water Mediterranean area. As a result a large
number of Paleogene planktonic foraminifer and calcareous
nannoplankton zones can be distinguished. Reference is
made to Table 8 for their occurrence and correlation.

Oligocene

The lower part of Core 2 to the upper part of Core 9
contain a complete sequence of the tropical planktonic
foraminifer zones. Ranges of some of the index species
seem to deviate somewhat from those generally recognized,
e.g., Cassigerinella chipolensis was found only in the
Globorotalia opima opima Zone and Globigerinoides
primordius occurs before Globorotalia kugleri in the
Globigerina ciperoensis ciperoensis Zone. Except for Cas-
sigerinella chipolensis it is not certain whether such unusual
occurrences are the result of environmental conditions or
possibly contamination during drilling or preparation of
samples.

Almost all Oligocene calcareous nannoplankton zones
were recognized. Many intervals in the middle and lower
Oligocene contain floods of Braarudosphaera.

Eocene-Oligocene Boundary

Core 9 bridges the Eocene-Oligocene boundary. Based
on planktonic foraminifers, the boundary is defined by the
extinction of Hantkenina, Cribrohantkenina, and the
Globorotalia cerroazulensis group, which occur last in Sec-
tion 3, 98-100 cm. Six samples taken from Section 3 were
examined to determine the boundary. Using calcareous
nannoplankton, the Eocene-Oligocene boundary is based on
the last occurrence of Discoaster saipanensis in Section 3,
9-10 cm and thus lies about 90 cm above that determined by
planktonic foraminifers.

Except for some gradational color changes and locally
intense burrowing, the lithology of Core 9 is homogeneous.
It thus can be assumed that sedimentation at Site 363 was
continuous and unchanged across the Eocene-Oligocene
boundary.

Eocene (Cores 9 to 14)

The upper Eocene as represented in Cores 9 and 10 is
condensed in thickness. Compared with other regions, some

anomalies occur in the distribution of Globorotalia cer-
roazulensis cunialensis, which here appears earlier, within
the Globigerinatheka semiinvoluta Zone. The zonal marker
G. semiinvoluta itself is represented by specimens smaller
than normal size, similar to those of the Alpine-
Mediterranean region.

The middle Eocene, Cores 10 and 11, also appears con-
densed. The genus Globigerinatheka is particularly well de-
veloped here, including the evolutionary lineage G. sub-
conglobata curryi-G. subconglobata euganea-Orbulinoides
beckmanni. Of interest also is the evolution of Globorotalia
cerroazulensis during the middle Eocene, which apparently
took place slightly earlier than in the Caribbean and
Mediterranean areas. The lower Eocene, Cores 11 to 14,
has an uninterrupted zonal sequence from the Globorotalia
edgari to the Globorotalia palmerae Zone, though the zonal
marker G. palmer ae was not seen in the section. Very well
preserved Globorotalia aragonensis caucasica characterize
that zonal interval.

The calcareous nannoplankton, though not too well pre-
served, also offer a nearly complete zonal subdivision of the
Eocene.

Paleocene (Cores 15 to 18)

With the exception of the upper Paleocene Globorotalia
velascoensis and the basal Paleocene Globigerina eugubina,
all zones are present. The upper part of the upper Paleocene
may have occurred in the uncored gap between Cores 14
and 15. The basal zone, however, seems to be absent from
the section.

Calcareous nannoplankton preservation is better in the
Paleocene, than in the Eocene. Like the basal planktonic
foraminifer zone, the lowest Paleocene nannoplankton
Markalius inversus Zone is also absent.

The Cretaceous-Tertiary boundary falls within the
slightly disturbed Section 2 of Core 18. A lower Paleocene
Globorotalia pseudobulloides Zone fauna is present at
34-38 cm and an upper Maestrichtian Globotruncana
mayaroensis Zone fauna at 42-44 cm. The location of the
Cretaceous-Tertiary boundary as based on calcareous nan-
noplankton is the same. It is placed at Sample 18-2, 40 cm
where Cruciplacolithus tenuis is still present, indicating that
the Markalius inversus Zone is absent.

There is no apparent lithologic change visible within the
several closely spaced Lower Tertiary and Upper Cretace-
ous samples taken in order to place the Cretaceous-Tertiary
boundary precisely. The sediment is an indurated marl. The
boundary, however, is marked by a slight color change in
that the Paleocene interval 34-38 cm is dark reddish brown,
the Upper Cretaceous interval 42-44 cm light reddish
brown. The upper part of Section 2, from 0 to 30 cm, as
well as the interval from 80 cm to about 150 cm of Section
1, is strongly disturbed (soupy).

Cretaceous

The dating and zonal subdivision of the Site 363 Cretace-
ous is based largely on planktonic foraminifers and calcare-
ous nannoplankton (Table 9). Several ammonites were
found in the Albian and Aptian. Their assigned ages do not
compare too well with those of the microfossils. Some cal-
cisphaerulid species in the Maestrichtian-Campanian and
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TABLE 8
Correlation of Miocene to Paleocene Calcareous Nannoplankton and Planktonic Foraminiferal Zones in Site 363

AGE

MIOCENE

OLIGOCENE

EOCENE

PALEOCENE

U
M
L

U

M

L

U

M

L

U

M

L

CALCAREOUS

NANNOPLANKTON ZONES

Discoαster hαmαtus
Discoαster exilis
Discoαster druggii

Sphenolithus ciperoensis

Sphenolithus distentus

Sphenolithus predistentus

Helicosphσerα reticulαtα

Ericsoniα subdistichα

Sphenolithus pseudorαdiαns

Isthmolithus recurvus

Chiαsmolithus oαmαruensis
Reticulofenestrα umbilicα

Nαnnotetrinσ fulgens

Discoαster sublodoensis

Discoαster lodoensis

Tribrαchiαtus orthostylus

Discoαster binodosus

Tribrαchiαtus contortus

Discoαster multirαdiαtus

Discoαster nobilis

Fαsciculithus tympαniformis

Cruciplαcolithus tenuis

D
E

P
T

H
 

B
E

L
O

W

S
E

A
 

F
L

O
O

R

IN
 

M
E

T
E

R
S

31 - 4C,5

50 - 59,5

69 - 78,5

88 - 97,5

107 -116,5

126 -135,5

145 -154,5

164 -173,5

183 -192,5

202 -211,5

221 -230,5

240 -249,5

259 -26δ,5

278 -287,5

297 -306,6

306,5-316

316 -325,5

325,5-335

C
O

R
E

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

PLANKTONIC

FORAMINIFERAL ZONES

Globorotαliα menαrdii
Globorotαliα fohsi lobαtα

Globigerinoides primordius

Globorotαliα kuglert

Globigerinα ciperoensis ciperoensis

Globorotα iα opimα opimα

Globigerinα αmpliαperturα

Cαssigerinellα chipolensis/
Pseudohαstigerinα micrα
Globorotα iα cerroαzulensis S.I.
Globiαerinαthekα semiinvolutα
Truncorotαloides rohri
Orbulinoides beckmαnni
Globorotα
Hαntkenin

iα lehneri -
3 αrαgonensis

Globorotαliα pαlmerαe

Globorotαliα αrαgonensis

Globorotαliα formosα formosα

Globorotα

Globorotα

Globorotα

iα subbotinαe

iα edgαri

iα pseudomenαrdii

Globorotα

Globorotα
Globorotα
Globorotα
Globorotα

iα pusillα pusillα

iα αngulαtα
iα uncinαtα
iα trinidαdensis
iα pseudobulloides

AGE

M

L

U

M

L

U

M

L

U

M

L

MIOCENE

OLIGOCENE

EOCENE

PALEOCENE

Albian-Aptian seem to be of stratigraphic significance; their
distribution can be compared with that of other fossil
groups.

Cores 18 to 21 are Maestrichtian on the basis of both
planktonic foraminifers and calcareous nannoplankton.
Samples 18-2, 136-138 cm to 19-2, 58-60 cm are in the
upper Maestrichtian Globotruncana mayaroensis Zone.
Sample 19-4, 58-60 cm to Core 20 are in the middle Maes-
trichtian Globotruncana gansseri Zone, and Core 21 is in
the lower Maestrichtian Globotruncana havanensis Zone.
Based on calcareous nannoplankton, the Maestrichtian is
subdivided from top to bottom into the Micula mura, Lith-
raphidites quadratus, Arkhangelskiella cymbiformis, and
Tetralithus trifidus zones.

The Maestrichtian (Cores 18-21) and the Albian and
upper Aptian (Cores 26-40) assemblages are rich and well

developed. The Campanian to Cenomanian, if present at all,
therefore has to occur in the interval below Core 21 and
above Core 26. Probably because of strong dissolution,
planktonic foraminifers are absent in Cores 22 to 25. The
more resistant benthic foraminifers, however, remain com-
mon to abundant in this interval, as do the calcareous nan-
nofossils. Based on the nannofossils, Core 22 falls into the
Maestrichtian/Campanian Tetralithus trifidus Zone, Cores
23 and 24 into the Campanian Eiffellithus eximius Zone, and
Core 25 into the Marthasterites furcatus Zone of
Coniacian/Santonian age. Both the Turonian and Cenoma-
nian, which should occur in the 9.5 meter interval between
Cores 25 and 26, are either very condensed or, more likely,
totally absent.

Planktonic foraminifers re-appear in Core 26 and con-
tinue to Core 39. Specimen frequency is variable; small
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TABLE 9
Correlation of Cretaceous Calcareous Nannoplankton and Planktonic Foraminiferal Zones, and Other Fossil

CALCAREOUS NANNOPLANKTON

AGE

CA

kSTRICHTIAN

MPANIAN

L.SANT.-U.CON.

U

M

L

U

ALBIAN

APTIAN

ZONES

Miculα murα

Lithrαphidires quαdrαtus

Tetrαlithus trifidus

Eiff llithui exlmius

Mαrthαsterires furcαtus

Eiffellifhus rurriseiffeli

Prediscosphαerα cretαceα

Pαrhαbdol ithus αngustus

D
E

P
T

H
 

B
E

L
O

W

S
E

A
 

F
L

O
O

R

IN
 

M
E

T
E

R
S

325,5-335

335 -344,5

344,5-354

363,5-373

373 -382,5

382,5-392

401,5-411

420,5-430

439,5-449

458,5-468

477,5-487

496,5-506

515,5-525

534,5-544

553,5-563

572,5-582

591,5-601

610,5-620

629,5-639

648,5-658

667,5-677

686,5-696

705,5-715

C
O

R
E

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

PLANKTONIC FORAMINIFERA

ZONES

Globorruncαnα mαyαroensis

Globotruncαnα gαnsseri

Globotruncαnα hαvαnensis

Rotαliporα Hcinensis -
Biticinellα breggiensis

Ticinellα primula

Ticinella bejaouensis -
Globigerinelloides algeriana

AGE

U

M

L

MAASTRICHT IAN

U

M

L

ALBIAN

BASAL ALBIAN -

UPPER APTIAN

BENTHONIC

FORAMINIFERA

U

L

U

L

MAASTRICHTIAN

CAMPANIAN

SANTONIAN -
CONIACIAN

ALBIAN

APTIAN

Groups in Site

RADIOLARIA

U. CRETACEOUS

CAMPANIAN.
prob. UPPER

CAMPANIAN -
SANTONIAN

MESOZOIC

APT. - BARREMIAN

CRETACEOUS
or

MESOZOIC s.l.

APTIAN -
BARREMIAN

or

HAUTER1VIAN -
VALANGINIAN

363

AMMONITES

UPPER ALBIAN

MIDDLE ALBIAN

UPPER APTIAN

forms retained in the 63 µm mesh predominate, often occur-
ring in floods. Dissolution has affected the faunas to varying
degrees.

Based on the planktonic foraminifer associations which
are predominantly of the cool-water hedbergellid type, the
Lower Cretaceous can be subdivided into the following
three biostratigraphic units: Cores 26 to 29, middle-upper
Albian Biticinella breggiensis-Rotalipora ticinensis zones,
Core 30 to Sample 31-1, 124-126 cm, lower to middle
Albian Ticinella primula Zone, and Samples 31, CC to
39-2, 92-94 cm, upper Aptian to basal Albian Globigerinel-
loides algeriana-Ticinella bejaouensis zones.

Calcareous nannofossils become poor and of inferior pre-
servation below Core 25. Core 26 to Sample 34-3,41-42 cm
are assigned to the upper Albian Eijfellithus turriseiffeli
Zone, Sample 34, CC to Core 38 to the lower-middle Al-
bian Prediscosphaera cretacea Zone, and Cores 39-40 to
the upper Aptian, lower Albian Parhabdolithus angustus
Zone.

The best radiolarians occur in the Upper Cretaceous
Cores 23 to 25 and are dated as Campanian-Santonian. The
radiolarians in Cores 26 through 30, Section 6, are only a
few undiagnostic forms. Based on Spongosaturnalis hor-
ridus, Sample 30-6, 27-29 cm is Aptian/Barremian. Cores
31 to 33 contain faunas of only general Cretaceous or
Mesozoic character. Cores 34 to 39 are dated as Aptian/
Barremian or Hauterivian/Valanginian, based on the above
faunas and the presence of Amphipyndax stocki, a species

that occurs first in the Barremian or Hauterivian/
Valanginian.

Several ammonites were recovered in the Albian/Aptian.
Puzosia mayoriana from Core 31 is given an upper Albian
age. Phylloceras velledae from Core 32 and Beudanticeras
cf. newtoni from Core 33 are assigned to the middle Albian,
and Phylloceras cf. morelianum from Core 37 to the upper
Aptian.

As can be seen from the zonal correlation on Table 9, the
age assignments within the Albian/Aptian of Cores 26-40
may differ quite considerably based on the various fossil
groups. There is good agreement on the Albian/Aptian
boundary based on planktonic and benthic foraminifers, and
radiolarians. From planktonic foraminifers it lies within
Core 31, from benthic foraminifers between Cores 30 and
31, and from radiolarians the highest recognized Aptian is
in Core 30. From ammonites the boundary is somewhat
deeper, within Cores 34 to 36. It is not higher than within
Core 39 based on calcareous nannoplankton. Ages on
benthic foraminifers and radiolarians must be regarded as
rather tentative.

Paleontology

From the Miocene to the upper Aptian penetrated at Site
363, the Oligocene to Maestrichtian and the Albian-upper
Aptian have particularly rich and well-developed faunas and
floras. Only fragments of the middle and lower Miocene
and a very incomplete Campanian to Cenomanian were re-
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covered. In the Oligocene to Maestrichtian, planktonic
foraminifers and calcareous nannoplankton of tropical/
subtropical warm-water types are generally abundant and
well preserved. Benthic foraminifers are also present
throughout this interval, but are less frequent than the
planktonic foraminifers.

The Albian-Aptian is characterized by generally quite
rich planktonic foraminifer faunas of mainly cooler-water
and small-sized hedbergellid forms, accompanied by a less
frequent benthic fauna. Calcareous nannofossils are present
throughout the Lower Cretaceous, where their preservation
is only moderate. Radiolarians are present in most samples
examined from Cores 22 to 39, but are infrequent with poor
preservation. Several ammonites were recovered from
Cores 31, 32, and 37. Calcisphaerulidae occur sparsely in
the lower Paleocene to Campanian Cores 18-22, but are
very frequent, mostly as floods, from Cores 26 to 39.

The following faunal/floral groups of Site 363 are treated
in special contributions in this and the supplement volumes:

Neogene-Paleogene planktonic foraminifers (Toumar-
kine)

Cretaceous planktonic foraminifers (Caron)
Paleogene benthic foraminifers (Proto Decima and Bolli)
Upper Cretaceous benthic foraminifers (Beckmann)
Lower Cretaceous benthic foraminifers (Scheibnerová)
Miocene to upper Aptian calcareous nannoplankton

(Proto Decima, Medizza and Todesco)
Cretaceous radiolarians (Foreman)
Calcisphaerulidae (Bolli)
Ammonites (Wiedmann and Neugebauer)

Planktonic foraminifers

Neogene: The Miocene planktonic foraminifers in Core 1
and the upper part of Core 2 are well preserved and with
species such as Globorotaliafohsi lobata of tropical aspect.

Paleogene: The heavily cored Oligocene to Paleocene of
some 285 meters thickness contains rich and mostly well-
preserved planktonic foraminifer faunas throughout. These
are predominantly of tropical to temperate origin. The
faunas can thus readily be compared with those of the
Caribbean and Alpine-Mediterranean regions.

The Oligocene is characterized by the presence of such
zonal markers as Globorotalia opima opima and
Globigerina ciperoensis ciperoensis. It has already been
noted in the biostratigraphic part of this chapter that the
distribution of some of the Oligocene index forms is slightly
anomalous compared with that generally found.

As also pointed out in the biostratigraphic part, Core 9
offers a unique opportunity to study the planktonic
foraminifer distribution across the Eocene/Oligocene boun-
dary in an apparently undisturbed and continuous sedimen-
tary sequence. The index forms Cribrohantkenina,
Hantkenina, and the Globorotalia cerroazulensis sub-
species became extinct at virtually the same level (in Core
9, Section 2, between investigated intervals of 98-100 cm
and 82-84 cm).

The Eocene planktonic foraminifers show some affinities
to the Alpine-Mediterranean faunas, indicating a tendency
towards more temperate waters. This is shown by the pre-
sence in the lower Eocene of rich and well-preserved
Globorotalia aragonensis caucasica which are not known

from tropical areas such as the Caribbean. Also of signifi-
cance is the absence of Globorotalia palmerae which is
known only from a rather narrow latitudinal strip extending
from the Caribbean via North Africa-Syria to India.

The genus Globigerinatheka with its species and sub-
species is well developed in the middle and upper Eocene.
The evolutionary trends previously established in the Carib-
bean, Alpine region, and Pacific can be followed here also.
Globorotalia cerroazulensis is another index form whose
gradual evolution through the middle and upper Eocene
from non-keeled subspecies to a distinctly keeled end form
(G. cerroazulensis cunialensis) is well developed here. The
fact that the lower upper Eocene marker Globigerinatheka
semiinvoluta occurs only in small specimens is a further
indication of a more temperate climate during the Eocene in
the Site 363 area. This is further supported by the presence
of Globigerinatheka index and G. subconglobata luter-
bacheri, forms known from the Alpine, but not from the
Caribbean middle-upper Eocene.

The basal Eocene small-sized Globorotalia edgari, first
described in the Caribbean (Leg 15), is also present on
Walvis Ridge, an indication that this index form has wide
geographic distribution.

The Paleocene planktonic foraminifers follow the known
warm-water association and distribution of species includ-
ing the index forms Globorotalia pseudobulloides, G.
trinidadensis, G. uncinata, G. angulata, G. pusilla pusilla,
G. pseudomenardii, and G. velascoensis. The uppermost
and lowermost Paleocene zones, Globorotalia velascoensis
and Globigerina eugubina, were not recognized.

Cretaceous: The Cretaceous planktonic foraminifers of
Site 363 can be divided into two distinct groups, a Maes-
trichtian Tethyan type fauna (Cores 18-21) and a boreal
Albian-Aptian fauna (Cores 26-39). Cores 22 to 25 and 40
are devoid of planktonic foraminifers.

The rich and well-preserved Maestrichtian planktonic
foraminifers in Cores 18 to 21 allow a subdivision of the
Maestrichtian into three zones, and contain among numer-
ous other diagnostic species, Globotruncana contusa, G.
stuarti, and the zonal markers G. havanensis, G. gansseri,
and G. mayaroensis. A rapid diminution of the planktonic
foraminifer specimens as a result of dissolution takes place
towards the base of the Maestrichtian. In Core 21 the fauna
is less rich than in Core 20, and in Core 22 it is completely
absent, although other calcareous fossils such as benthic
foraminifers and calcareous nannoplankton are still pre-
served there.

The Albian-Aptian fauna is characterized by a prolifera-
tion of Hedbergella types and a general absence of keeled
forms. Further, a diminution in the size of specimens and a
tendency in some species towards a reduced number of
chambers are further indications for a boreal-type fauna as
known from the Southern Indian Ocean. No obvious signs
of a warm water Tethyan-type fauna were noted.

These rather monotonous Albian-Aptian faunas with
scarce or absent index forms may be good paleoenviron-
ment indicators but make a zonal subdivision difficult. Be-
cause the Tethyan Maestrichtian species have received
much attention in the literature, they are neither described
nor illustrated in this volume; only their occurrence and
distributions are plotted on the range chart. Instead, atten-
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tion is focused on the Albian-Aptian species with short
notes on their less well-described characteristics. Most
species are also illustrated.

Benthic Foraminifers

Paleogene: Like the planktonic foraminifers, well-
preserved benthic assemblages occur from Core 2
{Globigerina ciperoensis ciperoensis Zone) through Core
17 (Globorotalia trinidadensis Zone). Because of low dis-
solution effects in this section, it is assumed that the as-
semblages are fully representative. Their distribution is plot-
ted against the planktonic foraminiferal zonal scheme to
emphasize the stratigraphic significance of individual
species (Proto Decima and Bolli, this volume, table 4).

Upper Cretaceous: Benthic foraminifers occur through-
out the Upper Cretaceous Cores 19-25. They appear to be
rather infrequent in the Maestrichtian Cores 18 to 21 where
planktonic foraminifers strongly predominate, but become
common in the Campanian to Coniacian Cores 22 to 25
where planktonic foraminifers are totally absent because of
selective dissolution. Rotaloid species are the most frequent
of the benthic forms, with some genera of agglutinated,
buliminid and nodosariid forms also present. The fauna
does not change significantly from the bottom to the top of
the Upper Cretaceous section. Large Gaudryinas and
Dorothias and some other forms are indicative of an upper
slope or shelf edge environment. If this is the case, the
absence of planktonic foraminifers in Cores 22 to 25 due to
dissolution would have to be explained by a quite shallow
CCD.

Lower Cretaceous: Benthic foraminifers in the Albian
Cores 26 to 31 are fairly frequent, but become less abundant
in Cores 32 to 37 and are very scarce with only small-sized
specimens in Cores 38 to 40. The fauna is of Austral nature,
with species identical to those from the Great Australian
Basin, the Indian Ocean, India, and South Africa. The Wal-
vis Ridge Lower Cretaceous was thus part of the Austral
bioprovince with no connection to the North Atlantic. As in
the Upper Cretaceous, rotaloid species are strongly predom-
inant.

Calcareous Nannoplankton

Nannofossil assemblages ranging in age from middle
Miocene to Lower Cretaceous were encountered at Site 363.

Core 1 contains a non-continuous sequence of three upper
to lower Miocene nannofossil zones (Discoaster hamatus,
Discoaster exilis, and Discoaster druggii zones). Abundant
well to moderately preserved coccoliths of Oligocene age
are present from Cores 2 to 8. The presence of the diagnos-
tic Sphenolithus species and other markers allows recogni-
tion of almost all Oligocene biozones. Unusual intervals
predominantly composed of Braarudosphaera are common
in the middle and lower Oligocene. They could be the result
of periodic blooms and indicate near-shore influence.

The Eocene/Oligocene boundary, based on the last oc-
currence of Discoaster saipanensis is placed in the upper
part of Core 9 which appears characterized by continuous
sedimentation. In the fairly complete Eocene and Paleocene
sections, the nannoplankton preservation is rather poor in
the Eocene, but is better in the Paleocene.

The Cretaceous/Tertiary boundary is placed at Sample
18-2, 40 cm. The lowermost Paleocene contains abundant

Thoracosphaera and common Braarudosphaera which are
typical of Danian sediments. Cruciplacolithus tenuis is
present to the Cretaceous/Tertiary boundary; thus the oldest
known Tertiary nannofossil associations are, as in all known
deep oceanic sequences, not represented at this site.

Sample 18-2, 41 cm to Core 25 represent a continuous
sequence of Upper Cretaceous nannofossil zones from
upper Maestrichtian to Santonian/Coniacian. Preservation is
good in the upper Maestrichtian Micula mura Zone, Cores
18 and 19, and moderate to good in Cores 20-25, with some
scattered samples having poorly preserved specimens. Core
25 is referred to the Santonian/Coniacian Marthasterites

furcatus Zone.
Nannofloras become sparse and are generally poorly pre-

served below Core 25. Braarudosphaera and Nannoconus
of the truittii group characterize this deeper interval. An
upper Albian age is inferred for Cores 26 to 34, based on the
presence of Eijfellithus turriseiffeli and the absence of
younger markers. The Cenomanian index form Lithraphi-
dites alatus was not observed, and the rare specimens of
Micula staurophora in Sample 26-2, 94-95 cm, suggesting
a Turonian age, are most likely the result of contamination
from above. Lithraphidites alatus, however, could also be
absent for ecological reasons. The possibility of a younger
age of the upper part of this interval cannot therefore be
entirely excluded. Still, an Albian age is more likely, with a
gap in the sedimentary sequence confined to the Cenoma-
nian and Turonian.

Cores 35 to 38, below the first occurrence of Eijfellithus
turriseiffeli and above that of Prediscosphaera cretacea, are
referred to the lower middle Albian Prediscosphaera cre-
tacea Zone.

Core 39 contains no Prediscosphaera cretacea. Based on
some questionable specimens of Parhabdolithus angustus it
is tentatively placed into the nominal zone which is upper
Aptian/lower Albian.

Core 40 only contains Watznaueria and Parhabdoli>hus
embergeri and could therefore not be dated using nannofos-
sils.

The presence of Scyphosphaera, Sphenolithus and Rhab-
dosphaera, and the scarcity of Chiasmolithus indicate rather
warm-water conditions for the Paleocene of Site 363 on
Walvis Ridge in contrast to the Cape Basin Sites 360 and
361. The occurrence of Braarudosphaera and the abun-
dance of Thoracosphaera in the lowermost Paleocene may
indicate neritic or upper bathyal conditions. Based on the
presence of Micula mura, warm-water conditions are also
suggested for the Upper Maestrichtian.

Radiolarians

No Cenozoic radiolarians were found at Site 363, but
they are present in most cores throughout the Cretaceous.
With few exceptions they are rare to very rare and mostly
poorly preserved. Only in some cores where calcium
carbonate dissolution was particularly strong and where
planktonic foraminifers consequently have disappeared are
radiolarians common.

Calcisphaerulidae

Calcisphaerulidae occur in small numbers from the lower
Paleocene upper part of Core 18 to the Campanian Core 22.
In Cores 23 to 25 they are absent, probably as a result of
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strong calcium carbonate dissolution. But Calcisphaerulidae
are very frequent, often occurring as floods in the finer
fractions of the upper Albian Core 26 to the upper Aptian
Core 39 samples. Several species can be distinguished,
most having apparent stratigraphic significance. The
Pithonella cf. bollii and P. tintanophax, originally reported
from the lower Paleocene of the Antarctic Site 323 of Leg
35 (Rögl, 1976), are restricted to the lower Paleocene part
of Core 18. In the Maestrichtian (lower part of Core 18 to
21) P. cooki occurs, originally described from the Upper
Cretaceous of the Indian Ocean Site 260, Leg 21. P.
krasheninnikovi, also first described from the Upper Cre-
taceous of Site 260, is present in the middle-lower Maes-
trichtian to Campanian Cores 20 to 22. Cores 26 to 39
contain very frequent spherical forms here tentatively in-
cluded in P. cf. sphaerica. A small, elliptical form placed in
P. cf. ovalis was observed in smaller numbers in Cores 26
to 34. Bonetocardiella cf. conoidea, a characteristically
shaped form, occurs in the upper Albian Cores 27 to 32, and
is particularly well represented in Cores 27 and 28. It is
curious that only in the Cretaceous of Site 363 are Calcis-
phaerulids so frequent. At Sites 361 and 364 only rare and
poorly preserved specimens were seen.

Ammonites

The following four ammonite species occur in the
Albian-Aptian of Site 363: Puzosia mayoriana (Sample
31-3, 19-22 and 37-39 cm, upper Albian); Phylloceras vel-
ledae (Sample 32-3, 29-32 cm, middle Albian); Beudan-
ticeras cf. newtoni (Sample 33-4, 149-151 cm, middle Al-
bian); Phylloceras cf. morelianum (Sample 37-2, 129-131
cm, upper Aptian).

This association is interpreted to show a more open basin
relationship than the Albian ammonites of the Angola Basin
Site 364. The fauna is related to faunas of Angola, South
Africa, Madagascar, and Europe. From this it is concluded
that the connection of the South Atlantic with the North
Atlantic was already open in the middle Albian, earlier than
generally assumed.

The ammonites are preserved in a uniform and unusual
way. The shells were fractured and collapsed, then
mineralized by glauconite, framboidal pyrite, and elongated
calcite. Shell material itself is not preserved.

CORRELATION OF REFLECTION PROFILE WITH
DRILLING RESULTS

Site 362

Nine acoustic units are recognized at Site 362 and are
shown on Figure 33 and Figure 34. Drilling penetrated the
first six of these units.

The base of Acoustic Unit I (reflector purple) correlates
to the base of Lithologic Unit la in Core 6 at 89 meters
(Figure 34).

The base of Acoustic Unit II (reflector black) correlates to
Core 16 at 190 meters.

The base of Acoustic Unit III (reflector green) correlates
to Core 23 at 335 meters.

The base of Acoustic Unit IV (reflector yellow) correlates
to a major change in the physical properties noticed at Core
34 at 555 meters.

The base of Acoustic Unit V (reflector blue) correlates to
the top of the Braarudosphaera chalk between Cores 2 and
3 of Hole 362A at 810 meters.

The base of Acoustic Unit VI (reflector red) was not
penetrated at Site 362A. Its inferred depth is 1300 meters
sub-bottom.

Interval sound velocities are given in Table 10, based on
Figure 33.

Site 363

Nine acoustic units are recognized on the Frio Ridge
segment of the Walvis Ridge. The last five of these occur at
Site 363 (Figure 35).

The base of Acoustic Unit IV (reflector yellow) correlates
to the major unconformity at 24 meters sub-bottom ob-
served in Core 1.

The base of Acoustic Unit V (reflector light blue) corre-
lates with the upper level of the Braarudosphaera chalk at
135 meters.

The base of Acoustic Unit VI (reflector red) correlates
with a major unconformity between the Upper and Lower
Cretaceous at 435 meters sub-bottom.

The base of Acoustic Unit VII (reflector yellow) corre-
lates with the indurated calcarenite facies encountered in
Cores 39 and 40 at 695 meters.

The base of Acoustic Unit VIII (reflector brown) occurs
at the top of the acoustic basement inferred to be at 720
meters sub-bottom. Acoustic Unit IX is the acoustic base-
ment.

Calculated interval velocities are given in Table 11 (based
on Figure 35).

SEDIMENTATION ACCUMULATION RATES,
SITES 362 AND 363

The general method of derivation of sedimentation rates
and bulk sediment accumulation rates (corrected for post-
burial compaction of older strata using smoothed downhole
variations in gravimetric bulk and porosity density) was
given in Chapter 2 of this volume. Again, these were cali-
brated to nannofossil datums corresponding to zonal bound-
aries interpolated at 1-m.y. intervals. Accumulation rates
are expressed for both the total bulk sediment and the car-
bonate fraction. These are presented on Figures 31 and 32
along with age-depth curves, the nannofossil zonations, av-
erage CaCOβ, and the average percent sand, silt, and clay in
each core. Where zones either are missing or were not iden-
tified perhaps for ecological reasons (i.e., Lithraphidites

TABLE 10
Interval Velocities - Site 362/362A

Acoustic Unit

I

11
[Ji

IV
V
VI

Time to Base
(sec)

0.115
0.24
0.42
0.69
0.94
1.31

Depth to Base
(m)

89
190
335
555
810

1300a

Velocity
(km/sec)

1.55
1.61
1.62
1.63
2.04
2.65

aBase of this unit was not reached by drilling of Hole 362A. It
was penetrated at Site 363 and corresponds there to an uncon-
formity between the Lower and Upper Cretaceous.
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TABLE 11
Interval Velocities - Site 363

Acoustic Unit

IV
V
VI
VII
VIII

Time to Base
(sec)

0.03
0.16
0.45
0.66
0.67

Depth to Base
(m)

34
135
435
695
720

Velocity
(km/sec)

1.60
1.62
2.07
2.48
5.0

alatus Zone), sedimentation rates are assumed to be uniform
between whatever zonal boundaries could be identified.
This results in an almost certainly unrealistic set of stepped
accumulation rate curves in the Cretaceous of Site 363 (Fi-

WALVIS RIDGE: SITES 362 AND 363

gure 32). The artificiality of these Cretaceous portions of
the curves expresses both the general lack of precision of
Cretaceous marine calcareous-microfossil biostratigraphy,
as well as the weak links of Cretaceous zonal boundaries to
any absolute geochronologic framework.

The curves for Site 3 62/3 62A shows six general maxima
in the Tertiary and those for Site 363 three, corresponding to
the older three at Site 362/362A. The maxima occur respec-
tively at 6, 15, 23, 33-35, 42, and 44-49 million years. The
first three of these occurred as well at Site 360 but are of
considerably less magnitude (the 6-m.y. maxima of the car-
bonate accumulation rate curve at Site 360 is 58 g/cm2/m.y.
× I02 whereas at Site 362 is 122 g/cm2/m.y. × I02). The
33-35-m.y. maximum is the period of major

NANNOFOSSIL ZONES

SEDIMENTATION RATE Im/m.y
+ AGE VERSUS DEPTH (m.y. I

10 20 30 40 50 60

ACCUMULATION RATE Ig/cm2/m.y. x I02 !
* CARBONATE CONTENT 1*1

Figure 31. Biostratigraphic zonations, sedimentation rates, accumulation rates, carbonate contents, and the proportion of sand
to silt and clay versus depth at Site 362/362A. Mean sedimentation rates for lithologic units and acoustic units in paren-
theses to left and right of figure, respectively.
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Figure 32. Bio stratigraphic zonation, sedimentation rates, carbonate contents, and the proportions of sand to silt and clay versus depth at Site 363. Mean sedimenta-
tion rates for lithologic units and acoustic units in parentheses to left and right of figure, respectively.
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Figure 34. Acoustic units on Challenger approach to profile Site 362/362A.
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Braarudosphaera blooms at Sites 362 and 363 that did not
occur at Site 360. On the other hand, a maximum at 36 m.y.
at Site 360 did not occur at Sites 362 and 363. Neglecting
the Braarudosphaera blooms, and lumping the maxima at
42 and 46-49 m.y. into a broad general Eocene maximum,
then we can see that the remaining maxima correspond to
four of the five maxima documented by van Andel et al.
(1975) in the equatorial Pacific, the only exception being a
Pacific maximum at 28-30 m.y.

For the portion of their histories that overlap, Site 363
had lower sedimentation and accumulation rates than Site
362/362A, although rates were nearly comparable in the
early-middle Eocene and the late Oligocene. Apart from its
very earliest history, the Eocene rates are about as rapid as
Site 363 ever experienced. This sedimentation was also well
over 80 per cent calcareous, higher than in the Cretaceous.
Total carbonate accumulation at Site 360 was comparable to
that of Site 362 throughout the Tertiary, except for the three
maxima in the Miocene, when it was lower.

As at Site 360, an alternative sedimentation rate curve has
been plotted based on a connection of the age/depth curves
from the base of the Discoaster quinqueramus nannofossil
zone directly to the base of the Triquetrorhabdulus rugosus

Zone (see Chapter 2, this volume, for explanation). A late
Miocene sedimentation rate maximum still exists, reduced
in magnitude, but still higher than any other Tertiary max-
ima except the Braarudosphaera blooms.

SUMMARY AND CONCLUSIONS

Site 362/362A is located in 1325 meters of water on the
Abutment Plateau of the Frio Ridge segment of Walvis
Ridge where it joins the continental margin of southwest
Africa. It lies near the axis of a north-south linear trough at
1330 hours, 26 June, on Jean Charcot Cruise Walda, seis-
mic reflection profile 11, and near the intersection of reflec-
tion profile Vema 29-06, profile record 928, 0900 hours, 13
May, with reflection profile Atlantis II Cruise 67, Leg 6,
2100 hours, 12 May; the latitude is 19°45'S, and the lon-
gitude 10°32'E. Acoustic marker horizons can be traced
northwards into the Angola Basin, southwards into the Cape
Basin, eastwards beneath the African continental slope and
shelf, and westwards towards the northern Valdivia Bank.

Hole 362 was drilled through 806 meters of sediment
ranging in age from late Oligocene to Pleistocene; Hole
362A extended this drilling to 1081 meters, bottoming in
lower Eocene sediments.
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Figure 35. Acoustic units on Walda 9 profile (Goslin et al, 1974), near Site 363.
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Site 363 is located in 2248 meters of water close to the
crest of an isolated basement high along the north-facing
escarpment of the Frio Ridge segment of Walvis Ridge. It
lies at 1530 hours, 23 June, Jean Char cot, Cruise Walda,
seismic reflection profile 9, latitude 19°39'S, longitude
09°03'E. The location, about 160 km due west of Site 362/
362A, was positioned to allow drilling to extend the section
recovered at Site 362/362A, with only a small stratigraphic
overlap. Site 363 was drilled to 715 meters sub-bottom,
where it was ended because of bit failure shortly above
basement. A section ranging in age from Early Cretaceous
(Aptian) to middle Miocene was obtained, with several
hiatuses.

We here summarize the history of this area of Walvis
Ridge from the Cretaceous to the present, commenting par-
ticularly on its role in separating waters of the Cape and
Angola basins. The ridge formed during the Early Cretace-
ous and has had its present high relief and elevation above
oceanic crust throughout its history. Site 363 itself, though,
has been under moderate to deep water (at least lower neritic
conditions) since the late Aptian (Core 40), gradually sub-
siding to its present bathyal level. Some high-energy, near-
shore, and much shallower environment, probably an is-
land, produced the calcarenites and algal structures in the
oldest sediments recovered at the site. Connary (1972)
suggested that Walvis Ridge was uplifted about 80 m.y.
ago, but this is not confirmed by the faunal assemblages at
the site.

We have no evidence bearing on the composition of
basement at Site 363, although badly altered basalts with
alkalic affinities were recovered in a nearby dredge haul
(Hekinian, 1972). Other evidence on the composition of
Walvis Ridge is skimpy, but it and its counterpart in the
western South Atlantic, the Rio Grande Rise-Sào Paulo
Ridge complex, appear to be submerged oceanic volcanic
islands and seamounts with a typically alkalic character.
Trachytic tuffs belonging to a moderately alkalic lineage
and with a K-Ar age of 40 m.y. were cored at DSDP Site
359 in the Walvis Seamount Province (Fodor, Keil, et al.,
1977). These were apparently emplaced subaerially and
chemically resemble trachytes from Tristan da Cunha
(Baker et al., 1964), which is near the crest of the Mid-
Atlantic Ridge. Tristan da Cunha has been proposed to be
the locus of current Walvis Ridge-Rio Grande Rise "hot-
spot" or mantle-plume activity (Wilson, 1963; Morgan,
1972). Altered hyaloclastite fragments were recovered in a
middle Eocene slump breccia containing shallow-water fos-
sils at DSDP Site 357 on the Rio Grande Rise. The glass
fragments have fresh clinopyroxene microphenocrysts re-
sembling those of typical oceanic island alkalic basalts
(Fodor and Thiede, 1977). Sanidine grains were also found
in the breccia, suggesting the presence of a trachyte compo-
nent. The breccia was inferred to have eroded from a nearby
island of probable Campanian-Santonian age. Thiede (in
press) inferred from sediment and stratigraphic data that the
island was large, perhaps 2 to 3 km above sea level. From a
dredge station slightly further west than Site 357, Fodor,
Husler, and Kumar (1977) have described alkalic basalts,
trachybasalts, and trachyandesites. Finally, still further to
the west, an altered alkalic basalt pebble eroded from the
Sào Paulo Ridge was recovered in a Cretaceous marly chalk

at DSDP Site 356 (Fodor, Husler, and Keil, 1977). Thus,
both the Walvis Ridge and Rio Grande Rise-Sào Paulo
Ridge complexes appear to have originated near the crest of
the Mid-Atlantic Ridge as sea-floor spreading progressed,
continually isolating the Angola and Brazil Basins from the
more vigorously circulating waters of the Cape and Argen-
tine basins, even to the present day (see Chapter 4, this
volume).

Since the age of formation of Walvis Ridge at Site 363 is
essentially the same as that of adjacent oceanic crust in the
Cape Basin, and since it has an abrupt steep northern scarp
suggesting fracture zone topography, a fracture-zone
ridge-crest origin is also indicated. Geophysical evidence
shows that the "oceanic" layer is unusually thickened on
the Frio Ridge portion of Walvis Ridge (Connary, 1972;
Barnaby, 1974, Goslin and Sibouet, 1976), indicating ex-
cess volcanism must have occurred at this point on the
Mid-Atlantic Ridge, as originally suggested by Wilson
(1963, 1965). This would have created a very shallow sill
across the entire ocean basin, including the Mid-Atlantic
Ridge, separating the Brazil-Angola basins from the
Argentine-Cape basins. The ridge is the principal reason for
facies contrasts between the Cape and Angola basins
documented on Leg 40 that have prevailed since the basins
were formed.

Pautot et al. (1973) found the Angola Basin salt layer did
not extend southward to Walvis Ridge, and instead pro-
posed that a line of seamounts at 11°S was the barrier behind
which they accumulated. Leyden et al. (1976), though,
proposed that the salt originally north of the Frio Ridge
segment of Walvis Ridge was faulted and carried to the west
by sea-floor spreading (see Figure 36). The Sào Paulo
Ridge, not surprisingly, has a steep south -facing scarp, in-
terpreted as a "prominent expression of an east-west trend-
ing fracture zone" by Gamboa et al. (1977), and is the
southern barrier of the Brazil Basin salt layer. The Sào
Paulo Ridge south-facing scarp would match the north-
facing scarp on Frio Ridge, and presumably mark the
former juncture of the two ridges along a transform fault.
Ocean floor between Frio Ridge and the southern limit of
the Angola salt is therefore younger than either the salt or
the ridge. As the Sào Paulo and Frio ridges slid past each
other, the widening trough between the Brazil and Angola
basin salt layers could probably only have received water
from the larger basins to the south via this narrow and
almost certainly shallow fracture zone passages. An ap-
parent ridge-crest jump in conjunction with formation of the
Valdivia Bank portion of Walvis Ridge (Barnaby, 1974)
shifted the locus of island volcanism south of the Frio and
Sào Paulo ridges. In this new spreading arrangement, these
two portions of the ridge system could not continue to grow,
and eventually they slid past each other, rather abruptly
deepening the basin north of Site 363 when the edge of the
Brazil Basin salt deposit finally slipped by. In the Albian
reconstruction of Leyden et al. (1976), Site 356 is actually
northeast of Site 363 (Figure 36).

The effect of this on sedimentation at Site 363 is uncer-
tain, but we may speculate that the site became more prone
to slumping and erosion with the removal of the Sào Paulo
Ridge and the salt behind it. Some sources of terrigenous
sediments (from the Brazil side) may also have been cut off.
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SOUTH ATLANTIC
Albian: 105 m.y.

Figure 36. Location of DSDP sites in the South Atlantic
which reached Lower Cretaceous sediments plotted on
the South Atlantic reconstruction of Ley den et al
(1976) for Albian times (105 m.y. ago). The edges of
the Angola and Brazil diapir fields (indicating the edges
of the salt deposits) are shown just after separation by
rifting. Note position of Site 356 to north end east of
Site 363, and edge of Brazil salt plateau between there
and the Angola salt plateau. Sites 327 and 330 are off
diagram to south on Falkland Plateau.

Surprisingly little evidence for volcanism was found at
Site 363. There was an apparent increase in the flux of
montmorillonite to the site in late Albian-Santonian times,
indicating a probable increase in volcanic provenance; how-
ever, every clay- or silt-rich layer from which a smear slide
was made has a significant quartz component, implying
mixing of mature crustal components with any ash or clays
weathered from volcanic materials that were supplied to the
area. Stormberg-age basalts in Africa dated at 150 to 190
m.y. and extrusive and intrusive components of the
Damaraland igneous complexes (±130 m.y.; Marsh, 1973)
could have been the source of the montmorillonitic compo-
nent of the sediments. On the other hand, the 2-3 km high
Coniacian-Santonian island of Thiede (in press) may have
been partly a consequence of the proposed ridge-crest
reorientation at 80 m.y. (Connary, 1972). Perhaps the flat-
toped Valdivia Bank was the Walvis-Ridge portion of this
island complex, and was leveled by stream and wave ero-
sion, supplying some of the montmorillonite to Site 363. If
this was the timing of major volcanism further to the south-
west on Walvis Ridge, though, it does not correspond with
the recorded peak of nonbiogenous sedimentation at Site

363, which was 15 to 20 m.y. earlier. And, again, no vol-
canic material is present that is not mixed with a major
component of continent-derived quartz, feldspars, and
clays.

On the basis of zeolitic muds recovered at Site 356 on the
Rio Grande Rise, McCoy and Zimmerman (1977) suggest
that the Eocene was a period of major volcanism in the
South Atlantic, concentrated along the Rio Grande Rise-
Walvis Ridge trends. This would have included the period
of eruption of the trachytic tuff at Site 359 in the Walvis
Seamount Province (Fodor and Thiede, 1977), over 1500
km from Site 363. Little or no ash from volcanic eruptions
that far away reached Site 363, which was experiencing
mainly biogenous sedimentation at that time. Part of the
middle-upper Eocene section at Site 363 has been removed
by erosion, however, that could have contained thin ash
layers derived from this volcanism.

With or without volcanic components, the main terrigen-
ous contribution to Sites 363 and 362/362A has been from
Africa, principally considerable clay, silt-sized quartz,
feldspars, and heavy minerals. This apparently peaked in
the Late Cretaceous when African highlands were presuma-
bly higher than in the Tertiary, and the shelf-slope system
was not as mature. Prior to the Late Cretaceous, Site 363
was apparently isolated enough to receive mostly carbonate
sedimentation. Gradual subsidence of the site relative to the
prograding continental margin and increased current activity
heightened the input of terrigenous material in the Late Cre-
taceous. Possibly the pair of northeast-trending ridges that
form the basement of Frio Ridge (Barnaby, 1974) funneled
terrigenous sediments to Site 363.

Paleocene and older cores at Site 363 show considerable
evidence for current action-winnowing, erosional contacts,
soft-sediment deformation, and the like. The Upper Cre-
taceous section is shortened by small erosional breaks, as
evidenced by the large time interval represented mainly by
rapidly supplied terrigenous material in Unit 2a, Turonian
to Campanian in age. There is another possible time gap
wherein all or part of the Cenomanian is missing. But this
may merely reflect ecological conditions which did not
allow the North Atlantic Cenomanian marker nannofossil
Lithraphidites alatus to have lived in the South Atlantic.

Even though terrigenous influx peaked in the Late Cre-
taceous, current activity was also sharply higher than at any
other time until the Pleistocene, resulting in lower overall
sediment accumulation rates from the latest Albian to the
Campanian. The onset of this coincides with the beginning
of the second period of predominantly euxinic conditions in
the Angola Basin, within the AlbianEiffellithus turriseiffelli
Zone (Chapter 4, this volume). Throughout this time, wa-
ters in the Angola Basin can only have been replenished
from the south. It is tempting to speculate that this was
accomplished by transfer of surface waters northward, and
spillage of denser, more saline, periodically oxygen-
depleted Angola Basin deeper waters southward over Wal-
vis Ridge in a manner similar to Atlantic-Mediterranean
exchange today. The spillage would have been responsible
for the redeposition and winnowing effects so predominant
in the Upper Cretaceous cores of Site 363. With the breakup
of euxinic conditions in the Angola Basin in Santonian-
Coniacian times, the vigor of currents and the incidence of
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erosion at Site 363 diminished, for all intents and purposes,
ceasing by Campanian-Maestrichtian times.

Two aspects of the sedimentary petrology and mineralogy
of Site 363 sediments suggest that, indeed, Angola Basin
waters spilled over Walvis Ridge in the Cretaceous. The
first is that reworked pyrite possibly from sapropels is pres-
ent in upper Albian "placer"-type deposits in Core 26.
There are five thin beds of this material in Core 26 which
has nearly the highest terrigenous component of the site.
The sapropels from which the pyrite may have been derived
could have been deposited beneath the top of a stagnant
water mass. Contemporaneous sapropels at Site 364 were
deposited in water less than 500 meters deeper (based on the
present difference in the depths of sediments at the two
sites, and calculations by Melguen, this volume). This in-
terpretation, though, is not the only explanation for these
unusual beds (see Lithologic Summary, this chapter).

The presence of dolomite and the persistence of phillip-
site in the lowest cores of Site 363 are more likely indicators
of unusually saline bottom water conditions in the Aptian
and Albian. The dolomite occurs in cores which correlate
with the most dolomitic limestones of Site 364, immediately
following salt deposition in the Angola Basin. For at least
the first half of this time period, both the Cape and Angola
basins were euxinic. Dolomitic limestones of Albian age
were also deposited at Site 356 on the Sào Paulo Ridge,
which, as shown on Figure 36, was probably between Sites
363 and 364. Supko and Perch-Nielsen (1977) compared the
Site 356 dolomites with Red Sea dolomites, which were
deposited immediately above massive halite and other
evaporites. The sequence of dolomites following evaporites
thus seems to have occurred in the early opening stages of
both the Red Sea and South Atlantic, and in both cases,
carbonaceous sediments are intimately associated with
dolomites in the late- and immediately post-evaporite stages
of deposition. This is consistent with many recent geologi-
cal and geochemical studies linking evaporites and dolo-
mites (e.g., Deffeyes et al., 1965; Supko et al., 1974; see
Bathurst, 1975, for summary and additional references).
The geographic proximity of Sites 356, 363, and 364 in the
Aptian and Albian (Figure 36) offers at least one compelling
reason why Sites 363 and 356 dolomites may have formed
in the still-saline waters trapped behind the Frio-Sào Paulo
Ridge complex.

An alternative model for diagenetic formation of dolo-
mite at Site 363 invokes a change in composition of pore
fluids near volcanic basement. It is discussed in the lithol-
ogy section of this chapter.

The phillipsite in the lower cores of Site 363 also indi-
cates a more saline environment than normal marine condi-
tions. The arguments of Natland (this volume) for similar
occurrences at Sites 361 and 364 apply here. Briefly, phil-
lipsite is most abundant in recent marine sediments but in-
variably is transformed to clinoptilolite as diagenesis pro-
ceeds (Kastner and Stonecipher, 1976). It is not found in
typical marine or continental margin sediments cored by
DS DP older than Eocene or buried more deeply than about
600 meters (Stonecipher, 1976). Its persistence here can be
explained by its formation in more saline waters than are
typical of the oceans, based on arguments of Hess (1966)
and analogies to saline lake occurrences (Hay, 1964). Its

association with dolomite at Site 363 lends credence to the
argument that the dolomite, too, was formed under unusu-
ally saline conditions closely following deposition, and is
not related to pore fluid modifications resulting from prox-
imity to volcanic basement. At present, however, there is no
clear way to decide between these alternatives.

The uppermost Cretaceous sediments at Site 363 indicate
the gradual installation of a more tranquil sedimentation
regime and a waning of terrigenous input. Conditions were
tranquil through most of the South Atlantic. Pelagic clays
were deposited at Site 361, and well burrowed, weakly
laminated limestones and marly limestones were deposited
at Site 364.

Post-middle Miocene sediments have been removed from
Site 363 by erosion or slumping, as indicated by overcom-
paction of surface cores. Profiler records near the site show
truncated beds, scouring, and moat features around indi-
vidual peaks. This is evidence for very recent current activ-
ity. The Pleistocene erosional event which is inferred to
have removed sediments from Site 361 (see Chapter 2, this
volume), is also inferred to have done the same thing at Site
363.

Apart from a partial overlap at Site 363 in the Paleogene,
the history of the Walvis Ridge area in the Tertiary which
we shall now take up focuses on Site 362/362A. This site is
in a structural depression south of the Frio Ridge and east of
Valdivia Bank. It has been the recipient of sediments depos-
ited directly through the water column and either slumped or
provided by turbidity currents from these ridges and the
African continental margin (Abutment Plateau region of
Barnaby, 1974) to the north and east. In spite of its proxim-
ity to terrigenous sources, however, Site 362/362A has seen
mainly biogenous sedimentation. Beds or laminae rich in
terrigenous material are rare. This is the result of (1) de-
velopment of mature shelf-slope system, (2) reduction of
elevation of African sourcelands, (3) harshening of arid
climatic conditions in western Africa, and (4) development
of a prevailing current system which diverts terrigenous
material away from the site. These effects have become
even more pronounced in the Neogene, resulting in much
more homogeneous sedimentation.

From the Eocene to the middle Miocene, sedimentation
was cyclic, with carbonate-rich sequences (foraminifer-
nannofossil chalk or nannofossil chalk) alternating with
marly chalks. The middle-upper Eocene is characterized by
turbidite sedimentation, represented by a succession of
coarse calcarenites and calcareous siltstones grading into
laminated and then into massive limestones. Dissolution
phenomena are more pronounced in adjacent beds, indicat-
ing that calcareous components were carried from higher
elevations (the nearby ridges) and were protected from dis-
solution effects by rapid burial. Lithification in these sedi-
ments is pronounced.

Decreases in the extent of foraminifer preservation are
evident in the Eocene, in the Miocene and, to a lesser ex-
tent, in the Oligocene. These reflect at least local elevations
of the calcium carbonate compensation depth (Melguen,
this volume) and correlate with similar effects at Site 360 in
the Cape Basin, and at Site 363. These events probably
reflect the installation of a cold-water current system in the
South Atlantic, essentially the entry of Antarctic inter-
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mediate and bottom waters into the Cape and Argentine
basins.

The late Miocene, Pliocene, and Pleistocene have seen
several changes in the character of sedimentation at Site
362/362A. The change from cyclic to homogeneous
sedimentation has already been mentioned. Other changes
include the increasing development of siliceous microfos-
sils, particularly abundant and well-preserved in the Pleis-
tocene. Their abundance reflects the presence of an area of
high fertility, in which up welling phenomena and cold sur-
face currents (the Benguela) provide high plankton produc-
tion and silica supply. The heightened productivity resulted
in a greater supply of organic carbon to the sediments, in-
creasing their H2S content (as we discovered to our discom-
fort in the core lab of Glomar Challenger). This in turn had
a deleterious effect on bottom life. There is no bioturbation
in these sediments.

An unusual aspect of sedimentation at both Sites 362/
3 62A and 363 is the occurrence of numerous Oligocene
beds of almost pure Braarudosphaera ooze. These beds are
responsible for a prominent reflector which can be traced all
the way to Site 360 off Cape Town, where they were also
cored. They also occur at DSDP Sites 14, 17, 19, 20, 22,
331, 358, and 359, all in the South Atlantic, suggesting that
Braarudosphaera blooms were regional in extent. Today,
though, Braarudosphaera bigelowii is only abundant in
coastal waters whose salinity has been reduced by supply of
low-density fresh water from streams or rivers. Bukry (this
volume) speculates thatß. bigelowii represents an encyst-
ment stage of an organism that can be unusually extended
by lack of supply of a critical nutrient abundant in normal-
salinity sea water. In any case, periodic South-Atlantic-
wide reductions in surface-water salinity appear required to
explain the aberrant regional blooms (see Noel and Mel-
guen, this volume; Proto-Decima et al., this volume; and
Bukry, this volume, for further discussion).

The section at Site 362-362A is characterized by a com-
parable faunal/floral association to that at Site 360. The
boreal/tropical species ratio and the number of specimens
present in each fossil group shift toward more warm-water
forms. Thus, both boreal and tropical zonal schemes apply
to the Neogene of Hole 362. On the other hand, only the
tropical zonal schemes could be used for the Paleogene of
Hole 362A. The increase in cold-water forms at the site thus
implies a progressive cooling throughout the Tertiary, be-
coming more and more pronounced during the Neogene.

Because of its location in the tropics (19°45'S), Site
362/362A should be dominated by warm-water forms. This
is not the case because cold-water masses from the Cape
Basin still reach the crest and northern slopes of Walvis
Ridge. The change to more tropical forms, though, takes
place within a short distance to the north. Site 363, at a
latitude of 19°39'S, is only slightly further north than Site
362/362A, but is characterized primarily by warm-water
planktonic foraminifers in the Neogene. The Neogene sec-
tion, though, is only 50 meters thick and does not include
the Plio-Pleistocene. Thus we did not recover a complete
section which would document the role of Walvis Ridge as a
barrier to cold-water currents from the Cape Basin to the
present day.
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Site 362 Hole Core 1 Cored Interval: 36.0-45.5 m Core 2 Cored Interval: 45.5-55.0 m

to

FOSSIL
CHARACTER

mix

LITHOLOGIC DESCRIPTION

5Y 4/4
5Y 4/3

5Y 4/4

5Y 4/3

5Y 4/3

5Y 4/4

5Y 4/4

MUDDY FORAMINIFERA-RADIOLARIAN-BEARING
DIATOHACEOUS CALCAREOUS NANNOFOSSIL OOZE
with patches of foraminifera nannofossil
ooze.

Homogeneous, fine, soft sediment. Color
dominantly olive (5Y 4/4), with inter-
calation or interpenetration (core very
deformed by flowing) of darker (5Y 4/3)
gray olive patches. Core's deformation is
particularly strong in Sections 3, 4, 5
and 6. No particular structures.

SEDIMENT TEXTURE (SS)
<5% Sand, 15-20% Silt, 75% Clay

SEDIMENT COMPOSITION (SS)
Major components
50-60% Calcareous nannos
10-20% Clay minerals
5-90% Diatoms
3- 5% Forams. planet.

Darker
patch
5Y 4/2
5Y 4/3

Sediment
flowing

Minor components
2- 4% Rads

<1% Silicoflagellates
l-~5% Authigenic carbonate
1- 2% Quartz

T% Micarb
1- 2% Pyrite

T Tourmaline, Epidote, Apatite

Remark: H2S odor.

Carbonate Bomb: 5-33 to 40 cm = 52.2% CaCO3

Carbon-Carbonate (DSDP)
5Y

5Y

5Y

5Y

4/3

4/4

4/3

4/4

5Y 4/3

4-20 (9.4,
6-20 (8.1,

2.9, 55)
3.0, 42)

Carbon-Carbonate (OG)
5-130 (9.6
5-150 (7.7

Grain Size
4-88 (1.6,
5-88 (1.3,

, 6.0, 30)
, 3.4, 36)

(DSDP)
42.5, 55.9)
35.5, 63.1)

5Y 4/3

Munsell
chart used.

FOSSIL
CHARACTER

LITHOLOGIC DESCRIPTION

5Y 4/3

5Y 4/4

DIATOMACEOUS NANNO OOZE TO MARLY NANNO
OOZE BEARING DIATOMS

Fine sediment, dominantly olive to olive
gray, with interpenetration (core very
strongly deformed) of darker gray olive
(5Y 4/3) patches.

SEDIMENT TEXTURE
2-5% Sand, 15-17% Silt, 79-83% Clay

SEDIMENT COMPOSITION (SS)
Major components
40-50% Calcareous nannofossils
15-40% Clay minerals
10-20% Diatoms

1% Forams planet.

Minor components
2.0% Rads
0.5% Silicoflageliates

3-5.0% Authigenic carbonate
1-2.0% Quartz
0.5% Micas
1.0% Pyrite
T Tourmaline, Epidote, Garnet

Remark: H2S odor

Carbonate Bomb: 1-57 to 58 cm = 40.3% CaCO,

Carbon-Carbonate (DSDP)
4-20 (8.1, 6.5, 15)
6-20 (8.6, 6.2, 20)

Carbon-Carbonate (OG)
5-130 (4.9, 0.1, 40)
5-150 (3.8, 0.1, 31)

Grain Size (DSDP)
4-88 (0.8, 29.3, 69.9)
6-28 (0.2, 26.5, 73.3)

Dominantly
5Y 4/3 (olive)
with patches
5Y 4/2
(olive gray)

5Y 3/2 dark
olive gray
5Y 4/2 olive gray
to 5Y 4/3-4/4 olive

Explanatory notes in Chapter 1
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Site 362 Hole Core 3 Cored Interval: 55.0-64.5 m Site 362 Hole Core 4 Cored Interval: 64.5-74.0 m

FOSSIL
CHARACTER

Core
Catche

LITHOLOGIC DESCRIPTION

5Y 3/2

5Y 4/4

5Y 3/2

MARLY DIATOMACEOUS NANNO OOZE TO DIATOM
BEARING MARLY NANNOFOSSIL OOZE

Fine sediment, strongly deformed by
drilling, showing an interpentration of
dark gray patches in olive (5Y 4/3) to
olive gray (5Y 4/2) sediment.

SEDIMENT TEXTURE
Z% Light sand, 15-30% Silt, 70-80% Clay

SEDIMENT COMPOSITION (SS)
Major components
30.0-40.0% Calcareous nannofossils
30.0-35.0% Clay minerals
15.0-20.0% Diatoms
0.5- 2.0% Forams. planet.

Minor components
2-4% Rads

T Silicoflagellates
3-5% Authigenic carbonate

** 1% Quartz
* TX Micarb
•g 1-2% Pyrite
.g T Tourmaline

^ Remarks: 1) H
2
S odor

* 2) Sediment rich in organic matter
>-
™ Carbonate Bomb: 1-23 to 30 cm 52.7% CaC0

3

5Y 3/2 £

2 Carbon-Carbonate (DSDP)
" 4-20 (7.9. 3 . 1 . 40)
> 6-20 (8.2, 2.6, 47)

o Carbon-Carbonate (OG)
** 4-130 ( 8 . 1 , 4 . 1 , 33)
~ 4-150 (7.9, 4.9, 25)

* Grain Size (DSDP)
«> 4-88 (0.6, 25.9, 73.5)
— 6-88 (1.8, 47.4, 50.7)

t 3

εε
SS

FOSSIL
CHARACTER

Core
Catche

10 ft

LITHOLOGIC DESCRIPTION

5Y 4/4

5Y 3/2

, DIATOMACEOUS CALCAREOUS NANNOFOSSIL MUD,
TO DIATOMACEOUS CALCAREOUS NANNO OOZE, TO
CALCAREOUS NANNO BEARING DIATOMACEOUS MUD

Fine, dominantly olive (5Y 4/3) to olive
2 gray (5Y 4/2) sediment, strongly deformed

by drilling, and bearing, thus darker gray
(5Y 3/2) patches interpenetrating the
olive to olive gray sediment.

2
 TEXTURE

1% Sand, 25-30% S i l t , 70-75% Clay

COMPOSITION (SS)
Ma.ior components
15-30% Calcareous nannofossils
15-60% Clay minerals

1% Forams
3-40% Diatoms

Minor components
1% Rads

2-10% S i l i c . spicules
TX Si l icof lagel lates

3-10% Authigenic carbonate
1- 3% Quartz
1- 2% Pyrite

Remarks: 1) Sediment r ich in organic matter
2) H2S odor

Carbonate Bomb: 1-23 to 30 cm = 40.3% CaCO3

Carbon-Carbonate (DSDP)
4-20 (8.2. 5.9, 19)
6-20 (7.5, 2.7, 40)

5Y 3/2

5Y 3/2

Carbon-Carbonate (OG)
2-130 (10.0, 0 . 1 , 83)
2-150 (10.6, 0 . 1 , 88)

Grain Size (DSDP)
4-88 (0.6, 27.6, 71.9)
6-88 (1.0. 36.7, 62.3)

Explanatory notes in Chapter 1



Cored Interval: 74.0-83.5 m Site 362 Hole Core 6 Cored Interval: 83.5-93.0

to

LITHOLOGIC DESCRIPTION

5Y 4/2 '
Olive
gray

5Y 4/2

5Y 4/2
5Y 4/3
Olive

D1AT0HACE0US HUD, BEARING CALCAREOUS
NANNOFOSSILS"

Fine, olive gray to olive, strongly
deformed sediment, interpenetrated by
dark gray patches (flowing structures).

5Y 4/2
Olive
gray

5Y 3/2

Homogeneous l i g h t sandy-silty clay:
2-5* Sand, 25% S i l t , 70% Clay

COMPOSITION (SS)
Major components

15% Calcareous nannofossils
40% Clay minerals

T Forams. planet.
30-40% Diatoms

Minor components
1-2% Rads

3% S i l i c . spicules
T S i l icof lagel lates
3% Pyrite

<1% Dolomite rhombs
<1% Mica

Remarks: 1) H2S odor
2) Abundant organic matter

Carbonate Bomb: 1-23 to 30 cm = 37.8% CaC0
3

~~' Carbon-Carbonate (DSDP)
> 4-20 (7.3, 2.6, 39)
- 6-20 (8.1, 1.6, 54)

OG sample<u

5Y 3/2
Dark olive
gray
5Y 3/2

5Y 3/2
Dark
olive
gray

Carbon-Carbonate (OG)
4-130 (8.4, 5.4, 25)
4-150 (9.2, 6.3, 25)

Grain Size (DSDP)
4-88 (0.6, 25.7, 73.7)
6-88 (0.4, 24.0, 75.6)

LITHOLOGIC DESCRIPTION

5Y 4/2

5Y 4/4
Olive

5Y 4/3
Olive

5Y 4/3

5Y 4/4

PIATOHACEOUS MUD, BEARING CALCAREOUS
NANNOFOSSILS AND ABUNDANT DOLOMITIC
RHOMBS - TO DIATOM RADIOLARIAN BEARING
CALCAREOUS NANNO OOZE, RICH IN DOLOMITIC
RHOMBS

Fine olive (5Y 4/4) sediment bearing
iπterpenetration of olive gray (5Y 4/2),
and darker olive gray (5Y 3/2) patches
or streaks, due to drilling deformation.

TEXTURE
Homogeneous, slight sandy (1% Sand),
Silty (20% Silt), Clay (80%)

COMPOSITION (SS)
Major components
10-60% Calcaerous nannofossils
20-50% Clay minerals

T Forams
5-30% Diatoms

5Y 4/2 Minor components
Olive gray 5-10% Rads and S i l i c . spicules

3- 5% Authigenic carbonate
5Y 4/2 1- 3% Pyrite

5-15% Dolomite rhombs

5Y 4/4
Olive
5Y 4/4

Remark: Abundance of dolomitic rhombs
in several levels

Carbonate Bomb: 1-23 t o 30 cm = 33.7% CaCO3

+Firm below
this Carbon-Carbonate (DSDP)

4-20 ( 9 . 1 , 1.6, 63)
6-20 (8.3, 2.4, 50)

Carbon-Carbonate (OG)
5-130 (7.9, 0 . 1 , 65)
5-150 (8.8, 0 . 1 , 73)

Olive

5Y 4/4

Grain Size (DSDP)
4-88 (0.4, 24.0, 75.6)
6-88 (0.3, 61.8, 38.0)

Explanatory notes in Chapter 1
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Site 362 Hole Core 7 Cored I n t e r v a l : 93.0-102.5 m Site 362 Hole Core 8 Cored I n t e r v a l : 102.5-112.0 m

" ynHF<; I F 0 S S I L I z I ü| ,J
l m t b CHARACTER z 2 ^ §

a £ g £ g £ £ LITHOLOGY | . fc LITHOLOGIC DESCRIPTION

~Q _|_• . ,-. ̂ p — — 5Y 4/3

-_,_---M TU.' 10 ./ DIATOM BEARING CLACAREOUS NANNO OOZE

I _"*"_!, <j -~ JA 5Y 3/2 Fine, olive to olive gray sediment, inter-
- J-, - ;.~". \P penetrated with darker gray patches

0.5— ~-t-• — — J( (drilling deformation) and hatched by
, - ~• y "―' f| 5Y 4/2 H

2
S - abundant gas cracks.

,
 n
^_7"-l_O-"•- # TEXTURE

- _ j _ ^ - .»' 5Y 3/2 Light sandy, silty clay:

Z.-
L
-^i_<i~i fi

 n S a n d
' 15-20* Silt, 80% Clay

AM
 E-ir

1
-^-!

1
 : a

 Gascracks
 COMPOSITION (ss)

-L^— IQ ^ Major components

£ -_ _i_^-•~. ^ 50-70% Calcareous nannofossils
2 J 4-.C-; i 5Y 3/2 20% Clay minerals
"E -"J.""-:.': ß / T- 2% Forams
"j 2 " "-L."r ;; ".I".' J>, *-• 5% Diatoms

"S • — -. - L R - ~ 1 Sa Minor components
p - _ _l_5* ~: ^EN 2- 6* Rads and Si lie. spicules
S - ~*~ i ‰t~•— m 5-10% Authigenic carbonate
-§ . Z -t- \j~'-~ v 1- 2% Pyr i te
5 CM - ~JU > / .L r • W 5Y 4/2 | T Epidote and Tourmaline
**" — ~ j ~^~ ~ . -• - A •1"

w «j - _ _L- • .7.1: r § Remarks: 1) Presence of Braarudosphaera
LU c — "*—_!_—-• : β bigelowi fragments and dolo-
o S CG " J - ^ ~ ~ • 7 0 W ST mi t ic rhombs
S o . ; . ' i -~JJ~Ty~Z~. ^ * 2) Strong H2S odor

si o - " J L T ^ S " - @ ^Carbonate Bomb: 1-23 to 30 cm = 33.7% CaC03

ë _ ~ j j ^ •-" ' J £ Carbon-Carbonate (DSDP)
5 I ΛM ' • 1 - ^ ^ : : : 2o i a "4-20 (8.4, 3.0, 45)
§ *; A M : - J _ ^ : V : - - \ | j 6 - 2 0 ( 7 . 5 , 2 . 6 , 4 i )

s! Z - - " " ~ - i - • ; •-" 7 ^ f r M a k e d "Carbon-Carbonate (0G)

J ° - H - J J S — β l 15-130 (7.1, 2.2, 41)

6 U AZ "*"-!_ ~ " « ( Z 5 " 1 5 0 f 7 ' 1 ' 2 8> 3 6 )
5 — -_1_TJ- J-; :"L <S(\ S^Grain Size (DSDP)

" - , - ! _ < > - _ i 5Y 3/2 >- 4-88 ( 0 . 3 , 31.2, 68.5)
£ - . _ l _ J - • # ; — 6 - 8 8 ( 0 . 3 , 2 6 . 7 , 7 2 . 9 )

- AM -z-±^o~ , ' Gas ε
2 . - -L. V: •'- V cracks
£ ~ "J-T" yi ~- \ ' 5Y 4/3

10 - > i ^ -" "f- 5Y 4/2

•~jtfpjπ•rπ— 0Gsample

AM •~ " j _ • - r.U Mottles anc
--j-

1
-VJ— gas escapes

- LT> ö - '
1 . . _H-,"_•~ 5Y 4/4

_ ; "-L-^ S ^π J ^-2 5Y 4/2

« * Core r l > ^ r Z CC ,
| AM | AM j | C a t c h e r [ - - L - - ^ 4 ^ _ J |

* * MIDDLE PLIOCENE (Forams) - UPPER PLIOCENE OR PLEISTOCENE (Nannos)

* Globorotal ia miocenica/Globorotalia i n f l a t a

Z 0 N E S CHARACTER ^ 2 ^ §

S ^ S E O P S1 LITHOLOGY ë "! fe LITHOLOGIC DESCRIPTION

o | o | ^ ü H D

0 '"-l-I^J-"! j 5 Y 4 ^ 3 DIATOM-RADIOLARIAN BEARING CALCAREOUS
! _ ! _ " • ; ; • - # NANNO OOZE TO DIATOMACEOUS MARLY NANNO

0 5 - i - - 1 - ! ^ ^ - ' V/ rY 4/9 Fine, olive gray (5Y 4/2) to olive (5Y
2 is1- >:-'"-- w 4/3) sediment, ± uniformaly mixed by

1 _ , - i _ " - ^ ;-• \ ' | , . , j . n t dri l l ing disturbance - H2S - abundant
-'~UL.-<>'-7 \, r ^ i r c gas cracks. Presence of horizontal bands

1 • ° ~ - " - _ ! _ - ^ ; " • - " ^C• and bubbles o f v a ry i n9 c o l o r a t t h e b a s i s o f t h e c o r e

- i_^-_ T. ';-'- \|f TEXTURE
~J- f i ;..'_ s' II Slight sandy, s i l t y , clay:

- J - _ i _ • ^ ' — R ,-v . , , 1-2% Sand, 10-20% S i l t , 75-80% Clay
I--_i_• v " - ' \ l
- J_~~. >> ™ ^ COMPOSITION (SS)

•Λ ~ i ~*~ — — • ^ á 5Y 3/2 Major components
1 o - , - i - 5J ~ - ' r\~ 50-60% Calcareous nannofossils
§ ' - . - L - • > C - • • ^ | 20% Clay minerals
S. Z. Jùyz — '«i 5Y 4/3 2- 3% Forams
m ~ ~ ~ j j — - ~ - ||(i 5-25% Diatoms

§ | - 1 1 - ^ 5 ^ - | β 5Y 3/2 Minor components
fc C ~ ΛJ

Λ-_ -^– - j ; 20 h.' i 6 ^ Rads and Si l ie . spicules
LU ••- — A- "y- — g 3% Authigenic carbonate
ö! .« I "*"_!_' — -~- : \> 1-2% Pyr i te
ĉ  •^ CQ I • ^ , v ~\ —_, 2% Epidote, Garnet and Tourmaline
° +J - I ' _ •^• ^r

gj § 3 - J."1", v ~-• ~ Remarks: 1) H2S odor
SJ •g - , -L•' \J, "_' —• 2) Presence of ± dissolved
2 5 ~ _j_'>n='-"'. < a Large diatoms
Q- - j - j j 1 — _~1 — 9as cracks
g u „. - J

 0 6* .Sy Carbonate Bomb: 1-23 to 30 cm - 41.8% CaC03

= S - rSH-- : •«* Carbon-Carbonate (DSDP)
' 1 = J _ - ' - - l _ ' - ~ : V Gascracks 4-20 (6.5, 2.8, 31)

— E - J_ / — \ / Gascracks 6 . 2 0 (7.5, 2.7, 41)

£ "« . j _ _i_ ~ l ~ ^ ^ Carbon-Carbonate (0G)
£ o 4 - , - L • <- • • V 3-130 (9.0, 0.1, 74)
" o Z , -L- J - " • =*" 3-150 (8.4, 0.1, 69
ë "o - L-_1_-1-/ —
ö 5 " •L_ l_-J- . ™ Grain Size (DSDP)
2 I JL. H-.7.C 4-88 (0.5, 38.5, 61.0)
S1 r~~tH-^= - ^ 6-88 0.8, 41.2, 58.0)

I j _ - " - _ >: - - • 20

_ i- - v — No gas
- j _ ^J! ™ cracks

- i J x ! »- I 20

- i_ _i_ J ~H Horizontal
_I J_"J~J_ j ~ l ' . zones of color
- i - * — j ^ — — variations

6 I T " - - ^ . - - - _ 5Y 4/3
_ *~iS~.*.— 5Y 4/2

- J- _ i_ * ~'-• 5Y 3/2

core i ~~• i • ~:::
, „ „„ Catcher • - 1 - . . —• r r

AM AM _j_J"~ —
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LITHOLOGIC DESCRIPTION

DIATOM BEARING NANNO OOZE TO MARLY DIATOM
' BEARING NANNO OOZE

Very dis-

turbed Fine homogeneous, olive (5Y 4/3, 5Y 4/4)

core = to olive gray (5Y 4/2), sediment, with

drilling dark olive gray (5Y 3/2) patches. Presence

deformation of parallel bands of various color (5Y 3/2,

and gas 5Y 4/2, 5Y 4/3) at the basis of the core.

cracks Numerous large gas cracks - gas and

drillings-high deformation.

TEXTURE

Slight sandy, silty, clay:

1-2% Sand, 15-20% Silt, 80% Clay

very

abundant COMPOSITION

65.0% Calcareous nannofossils

15.0-30.0% Clay minerals
*> 0.5- 1.0% Forams .

π 5.0-10.0% Diatoms

o Minor components
"° 2% Rads and Si lie. spicules.

CM 3% Authigenic carbonate

• V 3% Pyrite

»- <1% Quartz .

>, Remarks: 1) Presence of Braarudosphaera

E and well preserved Coccospheres
171
 2) Increasing dissolution of

> siliceous microfossils

£ 3) H
2
S odor

o
3 Carbonate Bomb: 2-23 to 30 cm = 45.9% CaCO

3

" Carbon-Carbonate (DSDP)

* 6-20 (9.3, 3.0, 53)

~' Carbon-Carbonate (0G)

% 5-130 (8.4, 3.1,44)

~: 5-150 (8.7, 3.0, 48)
o

brain bize ^Ujurj
Less gas 6-88 (0.2, 34.4, 65.3)
cracks, but

important

drilling

ceformation

0G sample

5Y .4/2

5Y 3/2 :

5Y 4/3

5Y 4/2

5Y 3/2

5Y 4/2

5Y 4/3
5Y 4/2

|

Hole Core 10 Cored I n t e r v a l : 121.5-131.0 m

FOSSIL
CHARACTER

Core
Catche•

LITHOLOGIC DESCRIPTION

^ '

5Y 4/2

cracks

5Y 4/2

5Y 4/2

FORAMINIFERAL CALCAREOUS NANNO.OOZE

TO DIATOM BEARING CALCAREOUS NANNO OOZE

Fine, olive gray to olive, homogeneous
sediment, interpenetrated by darker gray
patches and strongly hatched by gas
cracks.

TEXTURE

Slight dandy, silty, clay:

<3% Sand, 15-20% Silt, =80% Clay

COMPOSITION

•p Major components

o ^ 60-70% Calcareous nannos

-σ = 15% Clay minerals

β <= 5-10% Forams

—'I T-10% Diatoms

5Y 3/2 ^ ^ Minor components

^ . j ~ T-4% Rads and Silic. spicules

5% Authigenic carbonate

g S 3% Pyrite

°><^ 2% Quartz

•*>; Remarks: 1) H
2
S odor

o ^ 2) Coccospheres present
I

5Y 3/2 dark Carbonate Bomb: 1-28 to 29.cm - 43.5% CaC03

o l i v e gray
5Y 5/3
oli've

Abundant
gas
cracks

Carbon-Carbonate (DSDP)
4-20 ( 8 . 2 , 1.8, 53)
6-20 ( 6 . 8 , 2 .2, 39)

Carbon-Carbonate (0G)
1-130 ( 8 . 6 , 0 . 1 , 71)
1-150 ( 8 . 8 , 0 . 1 , 73)

Grain Size (DSDP)
4-88 ( 0 . 4 , 27.5, 72.0)
6-88 ( 0 . 8 , 37.7, 61.4)

Thin layer

white crystals

5Y 5/2

olive gray

>Globorotalia miocenica/Globorotalia puncticulata Explanatory notes in Chapter 1



N J Core 11 Cored I n t e r v a l : 131.0-140.5 m Core 12 Cored I n t e r v a l : 140.5-150.0 m

FOSSIL
CHARACTER

Core
Catche

'////////λ

LITHOLOGIC DESCRIPTION

Countless
gas
cracks

5Y 5/3

No gas
cracks

0G sample

No gas
cracks

MARLY DIATOHACEOUS NANNO OOZE TO MARLY
NANNO OOZE

Fine, olive (5Y 4/3) to olive gray (5Y
4/2), to dark olive gray (5Y 3/2)
sediment, almost very strongly hatched
by gas cracks - water content great.

TEXTURE
S l i g h t sandy, s i l t y , c l a y :
1-2* Sand, 15-20? Silt, =80% Clay

COMPOSITION (SS)
Major components
50-60% Calcareous nannofossils
25-30% Clay minerals

1- 2% Forams
5-20% Diatoms

Minor components
1% Rads and Sponge spicules
3% Authigenic carbonate

2-3% Pyr i te
T Tourmaline, Epidote and C h l o r i t e

Remarks: 1) H
2
S odor

2) Discoasters abundant
3) Recristallization of micro-

fossils

Carbonate Bomb: 1-28 to 29 cm - 43.5% CaC0
3

Carbon-Carbonate (PSDP)
4-20 (8.9, 3.4, 46)
6-20 (7.9, 3.0, 41)

Carbon-Carbonate (OG)
5-130 ( 7 . 9 , 1.8, 51)
5-150 ( 7 . 9 , 2.8, 42)

Grain Size (DSDP)
4-88 (0.5, 23.6, 76.0)

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

^ MARLY FORAMINIFERA DIATOM BEARING NANNO
5Y 3/2 OOZE TO CALCAREOUS NANNO "OözT

Fine, homogeneous, olive gray (5Y 5/2) -
5Y 5/2 olive (5Y 4/3) sediment, strongly deformed

and homogenized by drilling and gas cracks.

TEXTURE
Light sandy, silty, clay:
1-2% Sand, 15-20% S i l t , =80% Clay

COMPOSITION (SS)
Major components
40-60% Calcareous nannofossils
15-35% Clay minerals
3- 7% Forams

xack 2% Diatoms

Minor components
T-1% Rads and Si l i e . spicules

5% Authigenic carbonate
2-3% Pyr i te

Abundant 1-3% Quartz
gas cracks T-2% Epidote, Chlor i te and Tourmaline

j Remarks: 1) Abundant H2S odor

_^ 2) Coccospheres present

làçT Carbonate Bomb: 1-23 to 30 cm = 33.3% CaC03

S >- Carbon-Carbonate (DSDP)
» S 4-20 (7.9, 2.2; 47)'
2 u•n 5-22 (8 .5 , 1.4, 59)
>Z•Z Grain Size (DSDP)
~ o § 4-88 (0.7, 36.6, 62.7)
O * J ' ° 6-88 (2.2, 57.2, 40.6)

5Y 4/3

5Y 4/3

Large
gas
crack

5Y 4/3

5Y 4/2

Gas crack

Dark olive
gray (5Y 3/2)

Explanatory notes in Chapter 1



Site 362 Hole Core 13 Cored I n t e r v a l : 150.0-159.5 m Site 362 Core 14 Cored I n t e r v a l : 159.5-169.0 m

to

6

FOSSIL
CHARACTER

Core
Catcher

V7

UTH0L0GIC DESCRIPTION

MARLY NANNO OOZE TO DIATOMACEOUS NANNO
OOZE TO DOLOMITIC RHOMBS RICH MARLY NANNO
OOZE

Intensive
 F 1 π e o 1 1 v e

 9
r
« <

5 Y 5 / Z
>
 t o o 1 i v e

 <
5 Y

drillinα
 4

'
3
' sediment, interpenetrated by darker

definition
 9 r a y ( 5 Y 3 / 2 ) p a t c h e s o r

 non<tefoπηed

and layers,

abundant

gas cracks

5Y 3/2

5Y 4/3

5Y 3/2

5Y 3/2

OG sample

5Y 3/2

5Y 3/2

TEXTURE
Slight sandy, silty, clay:
3% Sand, 35X Silt, 60* Clay

COMPOSITION
Major components
40-60% Calcareous nannos
15-30* Clay minerals

T-20% Dolomite rhombs
2-25* Biatoms
T- 3* Forams
T- 7% Authigenic carbonate

Minor components
T-1% Rads
2-3* Pyrite

< l * Quartz
"T Epidote, Zircon and Tourmaline

Remarks: 1) H2S odor
2) Levels wi th well preserved

diatoms ( c f . CC)

Carbonate Bomb: 1-23 t o 30 cm • 60.8% CaC03

Carbon-Carbonate (DSDP)
4-20 ( 7 . 2 , 2 . 1 , 42)
6-20 ( 8 . 3 , 1.8, 55)

Carbon-Carbonate (OG)
4-130 ( 7 . 5 , 4 . 2 , 27)
4-150 ( 7 . 2 , 2.3, 41)

Grain Size (DSDP)
4-88 ( 0 . 3 , 3 3 . 1 , 66.6)
6-88 ( 0 . 8 , 44.8, 54.3)

S £

FOSSIL

CHARACTER

: --
L
-_i-• b :-

Core
Catcher

LITHOLOGIC DESCRIPTION

T
Gase and
drill
deformed
throughout,
melange of
olive
(5Y 5/3)
and olive
gray
(SY 5/2)

5Y 4/3

CALCAREOUS NANNO OOZE TO DIATOM BEARING
CALCAREOUS NANNO OOZE TO DAITOM BEARING
MARLY NANNO OOZT

Fine variegated disturbed mixed olive
gray (5Y 4/2 or 5Y 5/2) to homogeneous
olive (5Y 4/3) sediment, strongly de-
formed in the upper part of the core
by drilling and gas escape.

TEXTURE
2* Sand, 10-15* Silt, 80% Clay

COMPOSITION
Major components
60-80% Calcareous nannofossils
15-20* Clay
2- 3* Forams
10-15* to <1% Diatoms

Minor components
T-3% Rads and Silic. spicules
5% Authigenic carbonate

2-3* Pyrite
1-3% Quartz
T Tourmaline and Epidote

Remarks: 1) H
2
S odor

2) Coccospheres present

Carbon-Carbonate (DSDP)
4-20 (7.9, 3.2, 39)
6-20 (8.2, 3.1, 42)

More
Grain Size (DSDP)

,,„„,„,„ 4-88 (0.5, 30.7, 68.8)
homogeneous

 6
_

8 g
 j

Q 5
;
 3 ? 5

;
 6 2 Q

j

(5Y 4/3)
Drill and
gas melange
a bit lighter

5Y 4/3
olive

5Y 4/2
olive gray
5Y 4/3
olive

5Y 3/2 dark

olive gray
5Y 4/3
5Y 5/2
5Y 4/2 olive gray

5Y 4/2 olive gray

*Amaurolithus tricorniculatus Zone
Ceratolithus acutus Subzone

**Triquetrorhabdulus rugosus (Subzone)

Explanatory notes in Chapter 1



Core 15 Cored I n te r va l : 178.5-188.0 m Site 362 Hole Core 16 Cored I n te r va l : 197.5-207.0 m

3 H

•£ i

FOSSIL
CHARACTER

LITHOLOGIC DESCRIPTION

BY 6/2
light olive
gray chalk
Ooze
Chalk 5Y 4/2
olive gray
Ooze

5Y 5/2 olive
gray chalk

Uniform
5Y 5/2
olive gray

Nearly
uniform
5Y 5/2
olive gray

MARLY CALCAREOUS NANNO OOZE TO MARL,
TO DIAT_OM__BEARING_ CALCAREOUS NANNO

Fine, nearly uniform olive gray
(5Y 5/2) to olive (5Y 4/3) ooze,
with small zones of chalk.

TEXTURE
S i l t y c lay , wi th small traces of sand:
TX Sand, 5-10% S i l t , 30% Clay

COMPOSITION
Major components
45-60% Calcareous nannos
20-50% Clay minerals

1 - 2% Forams
3-10% Diatoms

Minor components
T Rads and Si lie. spicules

3-5% Authigenic carbonate
1-2% Pyrite
1% Quartz
T Epidote and Chlorite

Remarks: 1) Less H2S smell in the core
2) First appearance of chalk
3) Coccospheres present

Carbonate Bomb: 1-23 to 30 cm = 59.5%
CaCO3

Gradation Carbon-Carbonate (DSPP)
from 5Y 4/2 4-20 (7.4, 2.5, 41)
olive gray to 5-20 (7.7, 1.7, 50)
5Y 5/2 olive
gray ooze Carbon-Carbonate (OG)

5-130 (7.8, 2.0, 48)
5-150 (8.1, 2.0, 50)

Grain Size (DSDP)
4-88 (0.2, 24.1, 75.7)
5-88 (0.4, 34.7, 64.9)

Uniform
olive gray
(5Y 4/2) ooze

5Y 4/3 olive

5Y 5/2, olive
gray, with olive
(5Y 4/3) blotches

LITHOLOGIC DESCRIPTION

5Y 3/2
5Y 4/2

Gradationally
darker = 5Y
5/2+5Y 3/2
(dark olive
gray)

5Y 5/2 olive
gray with
gas cracks

CALCAREOUS NANNO OOZE

Fine, light olive gray (5Y 6/2)
to dark olive gray (5Y 3/2), ooze
to mud, in the upperpart of the core.
Nearly uniform olive gray (5Y 5/2-5Y
4/2) ooze, marly ooze in the lower
part.

TEXTURE
Very s l i gh t sandy, s i l t y , c lay:
T-1% Sand, 15% S i l t , 85% Clay

COMPOSITION
Major components
60-70% Calcareous nannos
15-25% Clay minerals

U Forams
T Diatoms

Minor components
0% Rads and Silic. spicules

Small chalk 2% Authigenic carbonate
zone 2-5% Pyrite

T-2% Quartz
Nearly uniform T Chlorite and Tourmaline
olive gray
(5Y 5/2) Remarks: 1) Less H23 odor

2) Coccospheres present

Carbonate Bomb: 1-29 to 30 cm = 65.1%
CaCO3

Gradation from Carbon-Carbonate (DSDP)
5Y 5/2 olive 4-20 (9.0, 1.1, 66)
gray to 5Y 4/2 6-20 (8.7, 1.4, 61)
(darker)

Grain Size (DSDP)
4-88 (0.5, 22.1, 77.5)
6-88 (0.9, 25.3, 73.8)

Small chalk
Zones (5Y 5/2-
olive gray)

5Y 5/2
5Y 4/2
5Y 5/2

5Y 4/2
olive
gray

5Y 4/2

Almost
uniform
colors
olive gray
5Y 4/2-5Y 5/2

Explanatory notes in Chapter 1



Site 362 Hole Core 17 Cored Interval: 216.5-226.0 m Core 18 Cored Interval: 235.5-245.0 m

LITHOLOGIC DESCRIPTION

FORAMINIFERA BEARING CALCAREOUS NANNO
OOZE TO DIATOM BEARING MARLY NANNO"
OOZE

Intercalations of olive gray (5Y 5/2)
Nearly ooze or chalk in olive (5Y 4/3) to
uniform olive olive gray (5Y 4/2-5/2) chalk,
gray (5Y 5/2) Deformation rare, except minor
chalk splitting breccia or gas cracks.
(100 cm split-
ting breccia) TEXTURE

Light sandy, silty clay:
2-3% Sand, 10% Silt, 85% Clay

COMPOSITION
Major components

70% Calcareous nannofossils
15-20% Clay minerals
2- 5% Forams
2- 4% Diatoms

Gradation of ...
olive gray Minor components
(5Y 5/2) ooze R a d s nd S^11'0- spicules
in olive (5Y ?* Authigenic carbonate
4/3 to 5Y 5/2) Dolomite rhombs

Remark: Sharp decrease of siliceous
microfossils

Carbonate Bomb: 1-23 to 30 cm • 66.5%
CaC03

Carbon-Carbonate (DSDP)

5Y
and

5Y

5/2 ooze
chalk

4/2

Void
Gas cracks
Void

5Y

5Y

5Y

OG

4/3

5/2

4/3

sample

Chalk

4-20 (8.7, 0.8,
6-20 (8.4, 0.7,

Carbon-Carbonate
5-130 (8.3, 1.0
5-150 (8.0, 0.6,

65)
64)

! (OG)
, 61)
, 62)

Grain Size (DSDP)
4-88 (0.9, 25.3
6-88 (1.2, 21.1.

, 73.8)
, 77.7)

Olive gray
(5Y 4/2-
5Y 5/2)
chalk

LITHOLOGIC DESCRIPTION

5Y 4/2
olive gray

5Y 4/2

Olive gray
(5Y 5/2)
chalk

DIATOM BEARING CALCAREOUS NANNOFOSSIL
OOZE OR CHALK TO CALCAREOUS NANNO
CHALK OR OOZE TO FORAMINIFERA~BElRING
STRONG MARLY NANNO OOZE OR CHALK

Fine, homogeneous (except variations
in color), olive gray (5Y 5/2) to
greenish gray (5Y 6/1) chalk to ooze.
Deformed in a few places by gas cracks
and drilling.

TEXTURE
Slight sandy, silty, clay:
1-3% Sand, 10-15% Silt, 80-85% Clay

COMPOSITION
Major components
30-60% Calcareous nannos
15-50% Clay
2-10% Forams
T-10% Diatoms

Greenish gray Minor components
(5Y 6/1) T-2% Rads and Si lie. spicules
chalk 2-8% Authigenic carbonate

2-3% Pyrite
T Quartz

Remarks: 1) Coccospheres present
Ooze 2j Slight H2S

3) First appearance of burrows
rh^M, 4) Rich locally in aragonite

needles (cf. CC)
Gas
cracks Carbonate Bomb: 1-23 to 30 cm = 33.E

CaCO,

Carbon-Carbonate (DSDP)

6-88 (1.3, 21.7, 77.7)

Chalk/ooze
zone badly
disturbed
by gas and
drill burrows

Explanatory notes in Chapter 1



Site 362 Hole Core 19 Cored Interval: 254.5-264.0 m Core 20 Cored Interval: 273.5-283.0 m

LITHOLOGIC DESCRIPTION

5Y 3/2
erosional
contact

CALCAREOUS NANNO CHALK TO MARLY NANNO
CHALK TO FORAMINIFERA BEARING CALCAREOUS
NANNO CHALK

Fine, olive gray (5Y 5/2) to greenish
gray (5GY 6/1), chalk to marly chalk,
moderately burrowed.

TEXTURE
Slight sandy, silty, clay:
2% Sand, 15-25% Silt, 85% Clay

COMPOSITION
Major components
70-80? Calcareous nannofossils
10-20% Clay minerals
T- 5% Forams
1- 5% Diatoms

Minor components
2-43! Authigenic carbonate
T-2% Dolomite rhombs
1-2% Pyrite
T Aragonite needles

Remarks: 1) Presence of Coccospheres
2) Core moderately burrowed

Carbonate Bomb: 1-23 to 30 cm = 60.2%
CaC03

Carbon-Carbonate (DSDP)
4-20 (7.8, 0.9, 57)
6-20 (6.9, 1.8, 42)

Carbon-Carbonate (OG)
5-130 (7 .7 , 0.8, 57)
5-150 (8 .2 , 1.5, 56)

Grain Size (DSDP)
4-88 (0 .7 , 21.0, 78.3)
6-88 (2 .3 , 33.3, 64.4)

Sharp contact
green olive gray
mudstone/white
gray chalk

FOSSIL
CHARACTER

Core
Catche

LITHOLOGIC DESCRIPTION

Olive gray
(5Y 5/2)
grading to
greenish gray
(5GY 6/1)

Burrows

Zoophycos

5Y 5/2
olive gray

Very uniform
greenish gray
(5GY 6/1)

Cracked
zone

Gas
escapes

Ooze
Gas
escapes

CALCAREOUS NANNO CHALK (WITH LOCAL
OOZE)

Uniform greenish gray (5GY 6/1) chalk,
to ooze, moderately burrowed
(Zoophycos), and bearing few gas
cracks in the lower part of the core.

TEXTURE
Light sandy silty clay:
<1% Sand, 5-7% Silt, 90% Clay

COMPOSITION (SS)
Major components
70-80% Calcareous nannofossils
15-20% Clay minerals

Minor components
T-3% Forams
2-5% Authienic carbonate
<1% Diatoms
'1% Pyrite
T Quartz

T-2% Micarb
T-2% Tourmaline

Remarks: 1) Burrows appear always
darker than the surrounding
sediment

2) Coccospheres present

Carbonate Bomb: 1-29 to 30 cm = 63.2%
CaCO,

Carbon-Carbonate (DSDP)
'4-20 (10.7, 0.8, 821
6-20 (9.7, 0.5, 76)

Grain Size (DSDP)
4-88 (1.1, 24.7, 74.2)
6-88 (1.7, 20.7, 77.7)

Olive gray
(5Y 5/2 to
5Y 4/2)

t
burrows
and
cracks

Explanatory notes in Chapter 1



Site 362 Hole Core 21 Cored I n t e r v a l : 292.5-302.0 il: 311.5-321.0 in

i i
5 i

FOSSIL
CHARACTER

Core
Catche

LITHOLOGIC DESCRIPTION

Zoophycos

Badly
fractured

OG sample

OG sample

Zoophycos

t

CALCAREOUS NANNO CHALK TO MARLY NANNO
CHALK BEARING FORAMINIFERA

Uniform greenish gray chalk, moderately
to strongly fractured (splitting
effect), moderately burrowed.

TEXTURE
Light sandy, silty, clay:
T-3* Sand, 15-20% Silt, =80% Clay

COMPOSITION (SS)
Ma.jor components
50-70% Calcareous nannofossils
20-30% Clay minerals
1- 5% Forams

Minor components
3- 5% Authigenic carbonate
1- 3% Pyrite
1- 3% Diatoms
<1% Rads
"T Quartz, Tourmaline, Augite and

Sphene

Remarks: 1) Locally strong recrystal-
lization

2) Coccospheres present

Carbonate Bomb: 1-43 to 50 cm = 76.8%
CaC03

Carbon-Carbonate (DSDP)
4-20 (9.3, 0.6, 73)
6-20 (9.3, 0.8, 70)

Carbon-Carbonate (OG)
5-130 (9.0, 0.5, 71)
5-150 (8.9, 0.5, 70)

Grain Size (DSDP)
4-99 (1.2, 27.9, 70.9)
6-88 (1.0, 22.5, 76.5)

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

Drilling
breccia
and void
Greenish
gray (5GY
6/1)

Olive
(5Y 4/3)

Burrows
Mostly very
tiny and few
larger

Gray

CALCAREOUS NANNO CHALK TO FORAMINIFERA
BEARING CALCAREOUS NANNO CHALK

Fine, greenish gray, to olive, to gray
chalk, to marly chalk, moderately to
strongly burrowed and locally strongly
fractured.

TEXTURE
Light sandy, s i l t y , c lay :
1-3% Sand, 10-20% S i l t , 80-90% Clay

COMPOSITION (SS)
Major components
70-75% Calcareous nannofossils
10-20% Clay minerals

Minor components
1-5% Forams
3-5% Authigenic carbonate
3-5% Pyrite
<1% Rads and Silic. spicules

Remarks: 1) The size of the calcareous
nannofossils is obviously
increasing, with depth,
passing from clay size to
silt size

2) Coccospheres present

Carbonate Bomb: 2-29 to 30 cm = 58.8%
CaC03

Grain Size (DSDP)
4-88 (2.3, 23.3, 74.3)

Explanatory notes in Chapter 1

Globorotalia acostaensis/Globorotalia miotumida



OO

Core 23 Cored Interval: 330.5-340.0 m Core 24 Cored Interval: 349.5-359.0 m

FOSSIL
CHARACTER

Core
Catcher

7777;

LITHOLOGIC DESCRIPTION

Olive-gray
'5Y 4/2)

Olive gray
(5Y 5/2) to
greenish gray
(5GY 6/1)

T
Burrows

Intensively
cracked

Fractured
1
Light ol ive
gray (5Y 6/2)

Burrows

Fractured

Burrows

Greenish gray
(5GY 6/1)

Fractured-
Pale olive ,
gray

Very abundant
tiny burrows

0G sample

Contact:
light gray/
greenish gray

CALCAREOUS NANNO CHALK PASSING TO
DIATOM BEARING MARLY NANNO CHALK,
AND TO DIATOMACEOUS CALCAREOUS NANNO
CHALK AT THE BASE OF THE CORE

Olive gray, to greenish gray to pale
olive gray chalk, locally intensively
burrowed (Chondrites and Zoophycos),
and fractured.

TEXTURE
Light sandy s i l t y clay to sandy s i l t y
clay:
T-7% Sand, 25% Silt, <70% Clay

COMPOSITION (SS)
Major component
60-75% Calcareous nannofossils
10-20% Clay minerals
0-15% Diatoms

Minor components
0-5% Forams
0-5% Rads
<1% Silicoflagellates
<3% Authigenic carbonate
<U Pyrite
"T Quartz, Mica, Tourmaline, Augite

and Chlorite

Remark: Core catcher very r ich in
diatoms and sil iceous spicules.

Carbonate Bomb: 1-85 to 86 cm - 72.6%
CaC03

Carbon-Carbonate (DSDP)
4-20 (9.2, 0.8, 70)
6-20 (8.8, 0.7, 67)

Carbon-Carbonate (OG)
5-130 (9.2, 0.0, 76)
5-150 (8.7, 0.4, 69)

Grain Size (DSDP)
4-88 (1.1 , 20.9, 78.0)
6-88 (0.7, 21.4, 77.8)

FOSSIL
CHARACTER

Core
Catrher

LITHOLOGIC DESCRIPTION

Lengthwise

Very uniform
light greeni
gray chalk
(5G 8/1)

Numerous
Zoophycos

Burrows,
gas cracks
and
fracturation

OG sample

CALCAREOUS NANNO CHALK TO FORAMINIFERA
BEARING MARLY NANNO CHALK

Very uniform, fine, light greenish
gray chalk (5G 8/1), with burrows,
filled with lighter or darker sediment.
Locally fractured by gas cracks.

TEXTURE
Silty clay:
0-1% Sand, 10-15% Silt, 85% Clay

COMPOSITION (SS)
Major components
55-65% Calcareous nannofossils
20-50% Clay minerals

Minor components
T-5% Diatoms
T Rads
3% Forams

<1% Pyrite
3% Authigenic carbonate
T Tourmaline

Remarks: 1) Very homogeneous, but
varying sediment compaction
along the core

2) Coccospheres present

Carbonate Bomb: 1-29 to 30 cm = 83.9%
CaCO,

Carbon-Carbonate (DSDP)
4-20 (9.9, 0.5, 78)
6-20 (10.0, 0.6, 79)

Grain Size (DSDP)
4-88 (0.7, 18.0, 81.3)
6-88 (0.8, 18.5, 80.7)

Explanatory notes in Chapter 1



Cored Interval: 368.5-378.0 m Core 26 Cored Interval: 387.5-397.0 m

FOSSIL
CHARACTER

ε ~

Core
Catche

i

LITHOLOGIC DESCRIPTION

Light greenish
gray (5G 8/1)
to light olive
gray (5Y 6/2)

Light ol
gray chalk
(5Y 6/2)
Fractures

CALCAREOUS NANNO CHALK TO DIATOM
BEARING MARLY NANNO CHALK

Very uniform light greenish gray
to light olive gray chalk, moderately
to intensively fractured. Numerous
burrows, faint to large (Zoophycos).

TEXTURE
Light sandy, s i l t y , c lay:
<2% Sand, 10-15% S i l t , 80% Clay

COMPOSITION
Major components
30-60% Calcareous nannofossils
20-60% Clay minerals
4- 6% Diatoms

Minor components
T-2% Forams
<1% Rads
"T Siliçoflagellates
5% Authigenic carbonate
T Pyrite
T Quartz
T Chlorite and Tourmaline

Remark: Coccospheres present

Carbonate Bomb: 1-29 to 30 cm = 77.
CaC03

Carbon-Carbonate (DSDP)
4-20
6-20

(8 .9 ,
( 8 . 7 ,

0 .5 , 70)
0 . 7 , 67)

Carbon-Carbonate (OG)
5-130
5-150

Grain

(8.7
(8.5

Size

, 0 .5 , 69)
, 0 .6 , 66).

(DSDP) •
4-88 (0.9, 23.6, 81.7)
6-88 (0.4, 18.0, 77.4)

Faint
burrows
Light greenish
gray (5G 8/1)
to light olive
gray (5G 6/2)

0G sample

Zöoptiycos

3 i>

FOSSIL
CHARACTER

Corf
Catcher

3?.

LITHOLOGIC DESCRIPTION

Sf!πi9

(òGY b/ I )

Tiny
burrows

Zoophycos

Faint
burrows

Broken up

Zoophycos

Broken up

MARLY NANNO CHALK TO FORAMINIFERA
BEARING MARLY CHALK

Greenish gray to dark greenish gray
marly.chalk, locally fractured
through drilling, moderately to
heavily burrowed.

TEXTURE
Very s l igh ty sandy, s i l t y , c lay:
T-1% Sand, 15-20% S i l t , 80% Clay

COMPOSITION (SS)
Major components
35-60% Calcareous nannofossils
25-40% Clay minerals
T- 5% Forams

Mi components
2-3% Di
1-3% Rads
2-3% Pyrite
3-5% Authigenic carbonate
2% Dolomite rhombs
3% Tourmaline, Augite and Rutile

Remark: Coccospheres present

Carbonate Bomb: 1-29 to 30 cm = 59.7%
CaCO,

Carbon-Carbonate (DSD')
4-20 (6.2, 0.8, 46)
6-20 (5.4, 1.1, 35)

Grain Size (DSDP)
4-88 (1.0, 21.6, 77.4)
6-88 (1.1, 21.9, 77.1)

Dark greenish
gray (5GY 4/1)

\
Greenish gray
marly chalk
(5GY 5/1)
Drill breccia
and burrows

Drill breccia
moderately to
heavily burrowed

Explanatory notes in Chapter 1



O
Site 3 f Core 27 Cored Interval: 406.5-416.0 m Site 362 Core 28 Cored Interval: 425.5-435.0

LITHOLOGIC DESCRIPTION

Greenish gra
(5GY 6/1)

Tiny light
colored
burrows

Core
fractured

Zoophycos

Blotchy
burrowed

Tiny
burrows

5GY 5/1

Tiny burrows

Dark blotchy
burrows

Heavily
broken by
drilling

Faint tiny
burrows

Patchy
burrows

MARLY NANNO CHALK

Uniform, greenish gray (5GY 6/1)
chalk moderately burrowed, locally
heavily fractured by drilling.
Burrows are rather faint, round,
patchy, with few Zoophycos.

TEXTURE
Very f ine s i l t y c lay:
TX Sand, 15* S i l t , 80* Clay

COMPOSITION (SS)
Major components
50-60% Calcareous nannofossils
30-40* Clay minerals

Minor components
T-2* Forams
0-2* Diatoms
0-2* Rads
4-7* Carbonate unspecified
1-2* Pyrite
0-2* quartz
T-3* Tourmaline

Remark: Coccospheres present

Carbonate Bomb: 1-104 to 105 cm = 6
CaC03

Carbon-Carbonate (DSDP)
4-20 (5.6, 0.5, 42)
6-20 (6.5, 0.6, 50)

Carbon-Carbonate (OG)
5-130 (7 .0 , 1.5, 55)
5-150 (6.4, 0.5, 50)

Grain Size (DSDP)
4-91 (0.9, 19.2, 79.9)
6-88 (1 .4 , 24.3, 74.3)

LITHOLOGIC DESCRIPTION

Blotchy
burrows CALCAREOUS NANNO CHALK TO HEAVILY
Greenish gray MARLY NANNO CHALK
(5GY 5/1) to "
greenish gray Nearly uniform greenish gray (5GY 6/1)
(5GY 6/1) chalk, moderately burrowed, locally

heavily fractured by drilling and
splitting. Apparently very homogeneous.BroKen by

drilling

Abundant
mottles

TEXTURE
Silty clay:
T* Sand, 20* Silt, 80* Clay

COMPOSITION (SS)
Major components
35-60* Calcareous nannofossils
20-60% Clay minerals
T- 2* Diatoms

Minor components
T-2% Forams

5* Carbonate unspecified
T Dolomite rhombs

< l * Pyrite .
"T Quartz

T-2% Heavy minerals

Remark: Coccospheres present

Carbonate Bomb: 1-19 to 20 cm •
CaC03

Carbon-Carbonate (DSDP)
4-20 ( 9 . 1 , 0.6, 71) •
6-20 (7.6, 0 .6 , 58)

Grain Size (DSDP)
4-88 (1.5, 23.9, 74.6)
6-88 (1.9, 23.8, 74.3)

Explanatory notes in Chapter 1



Site 362 Hole Core 29 Cored In terva l : 444.5-454.0 m 30 Cored Interval : 463.5-473.0 m

FOSSIL
CHARACTER

Core
Catche

LITHOLOGIC DESCRIPTION

MARLY NANNO CHALK

Very homogeneous greenish gray chalk,
moderately burrowed, with t iny burrowed
concentrated in to zones.

Greenish gray OT‰.
Kcv fi/1 \ b 1 ' ™ ciay.

~% Sand, 20% S i l t , 80% Clay(5GY 6/1)

Pyrite COMPOSITION (SS)
Major components
50-60% Calcareous nannofossils
30-40% Clay minerals

Minor components
1-8% Forams
2-3% Pyrite
T-3% Quartz
T-4% Tourmaline

Remark: Coccospheres present

Carbonate Bomb: 2-19 to 20 cm = 58.
CaCO,

Carbon-Carbonate
4-20 (6.4, 0.6, 4

» S ™ d Carbon-Carbonate (OG)tiny burrows

OG sample

Zoophycos

3-130 ( 6 . 3 , 0 . 5 , 49)
3-150 ( 6 . 8 , 0 . 4 , 53)

Grain Size (DSDP)
4-88 ( 0 . 7 , 2 3 . 5 , 75.8

FOSSIL
CHARACTER

LITHOLOGIC DESCRIPTION

Greenish gray
(5GY 6 /1 )

Pyrite

Zoophycos

Mori ads
of tiny
burrows.
Blotchy
composite
burrows.
OG sample

NANNO CHALK TO LIGHT MARLY NANNO
CHALK

MACROSCOPIC CORE DESCRIPTION
Very uniform, apparently homogeneous
greenish gray chalk, throughout
burrowed, with a few pyritic inclusions.
Locally heavily fractured by drilling.

TEXTURE
Silty clay:
T% Sand, 30% Silt, 70% Clay

COMPOSITION (SS)
Major components
65% Calcareous nannofossil
30% Clay minerals

Minor components
T Forams

2-3% Dolomite rhombs
0-2% Quartz
0-2% Tourmaline

Remarks: 1) Coccospheres present
2) Dolomitic rhombs dissolved

on the edges

Carbonate Bomb: 1-77 to 78 cm = 51.3%
CaC03

Carbon-Carbonate (DSDP)
4-20 (9.2, 0.3, 74)

Grain Size (DSDP)
4-88 (0 .7 , 28.2, 71.1)

Explanatory notes in Chapter 1



to

to

Si te 362 Hole Core 31 Cored I n t e r v a l : 482.5-492.0 m Core 32 Cored I n t e r v a l : 501.5-511m

FOSSIL
CHARACTER

Core
Catche

LITHOLOGIC DESCRIPTION

CALCAREOUS NANNO CHALK TO FORAMINIFERA
BEARING NANNO CHALK

Void Homogeneous, fine, greenish gray chalk,
moderately burrowed, very similar to

Greenish gray previous Cores 29 and 30.
(5GY 6/1)

TEXTURE
Silty clay:
TX Sand, 403! Silt (mostly Coccoliths),
60% Clay

COMPOSITION
Major components
70% Calcareous nannofossils
20% Clay minerals

Minor components

Zoophycos

Tiny burrows

0G sample

Patchy
burrows

0-5% Forams
3-5% Carbonate unspecified
<1% Pyrite
<2% Tourmaline
3:5% Dolomite rhombs

Remarks: 1) Dolomitic rhombs common
(cf. CC) often dissolved
on the edges

2) Coccospheres abundant

Carbonate Bomb: 1-80 to 81 cm
CaC03

Carbon-Carbonate (DSDP)
4-20 (8.9, 0^4, 70)

Carbon-Carbonate (0G)
4-130 (8 .8 , 0 .3 , 71)
4-150 ( 8 . 1 , 0 .3 , 65)

Grain Size (DSDP)
4-75 (0 .7 , 31.0, 68.3)

66.8%

'G loborota l ia fohsi robusta to Globorotal ia mayeri/Globorotalia mayeri mayeri

LITHOLOGIC DESCRIPTION

Greenish gray
(5GY 6/1)

Burrows

5Y 6/1
Light olive
gray (5Y 6/1)
to light
greenish gray
(5GY 6/1) with
light brownish
gray (5YR 6/1)

5GY 6/1
5Y 6/1
5GY 6/1
Marly chalk
5YR 6/1
Marly chalk
Chalk

Marly chalk

Marly chalk

Marly chalk

5YR 6/1

Marly chalk

Marly chalk

Chalk N7

Marly chalk

MARLY NANNO CHALK WITH MINOR INTER-
CALATIONS OF CHALK

Greenish gray to light brownish gray
marly chalk (highly dominant) with
intercalation of white chalk (N7),
bearing light darker gray burrows.

TEXTURE
Light silty clay to very fine clayey
silt:
50% Fine Silt (Coccoliths), 50X Clay

COMPOSITION (SS)
Major components
60-70% Calcareous nannofossils

25% Clay minerals

Minor components
T-2% Forams
1-2% Pyrite
1% Carbonate unspecified
1% Heavy minerals

Remark: Coccospheres abundant

Carbonate Bomb: 1-29 to 30 cm = 56.4%
CaC03

Carbon-Carbonate (DSDP)
4-20 (7.2, 0.2, 47)
6-20 (6.0, 0.2, 48)

Grain Size (DSDP)
6-88 (2.0, 25.7, 72.4)

Explanatory notes in Chapter 1



Core 33 Cored In te rva l : 520.5-530.5 Core 34 Cored In te rva l : 549.0-558.5

to

LITHOLOGIC DESCRIPTION

0G sample

Marly chalk

Marl

Marly chalk

MARLY NANNO CHALK TO VERY LIGHT MARLY
NANNO CHALK

Cyclic sedimentation:
Fine, l i gh t greenish gray (5YR 6/1)
marly chalk to greenish gray (5GY 5/1)
marl , with in terca la t ion of 12 chalky
zones (=15 cm long each), l i gh t green-
ish gray (5GY 6/1). Moderately burrowed.

TEXTURE
Very f ine s i l t y clay or clayey s i l t :
<1% Sand, 50% S i l t , 50% Clay

COMPOSITION (SS)
Major components
60-65% Calcareous nannofossils
25-30% Clay minerals

Minor components
1% Forams

1-5% Authigenic carbonate
T% Mica
3% Quartz
2% Heavy minerals

1-3% Pyrite

Remarks: 1) Nannoflora represented by
resistant species (Dissolu-
tions effect)

2) Coccospheres present

Carbonate Bomb: 1-23 to 30 cm = 56.4%
CaCO,

Carbon-Carbonate (DSDP)
4-20 (6.0, 0 .2 , 48)
6-20 (6 .5 , 0.4, 5)

Grain Size (DSDP)
4-88 (1.4, 27.2, 71.4)
6-88 (0.7, 23.2, 76.0)

LITHOLOGIC DESCRIPTION

Marly chalk

Chalk (N7)

Marly chalk

Chalk

Marly chalk
N6

Medium l i gh t
gray (N7)

Light greenish
gray (5GY 6/1)

Marl

Marly chalk

Marl

Marly chalk
Marl

Marly chalk

Mar l , l i gh t gr;
(N6)
Marly chalk
greenish gray
(5GY 6/1)
Marl N6

Marly chalk
(5GY 6/1)
OG sample
Olive gray
(5Y 5/2)
Chalk 5GY 6/1

Olive gray
(5Y 5/2)
Chalk 5GY 6/1

Marl 5Y 5/2
Chalk o l ive
gray (5GY 6/1)
Marl 5Y 4/1
Marl
Chalky marl

Marl

Chalky marl

Marl 5Y 5/2-
5YR 5/2

MARLY NANNO CHALK AND NANNO CHALK

Cyclic sedimentation:
Intercalations of numerous chalky zones
in marly chalk to marl (5YR 6/1, 5Y 6/1
light brownish gray and light olive
gray, to 5Y 5/2, olive gray), grada-
tional contact. Moderately to intensive-
ly burrowed.

TEXTURE
Silty clay:
1% Sand, 25% Silt, 75% Clay

COMPOSITION (SS)
Major components
50-65% Calcareous nannofossils
20-40% Clay minerals

Minor components
1-2% Foram
3% Authigenic carbonate
1% Quartz

0-1% Tourmaline

Remark: Coccospheres present

Carbonate Bomb: 1-23 to 30 cm = 65%
CaC03

Carbon-Carbonate (DSDP)
4-20 (5.8, 0.3, 46)
6-20 (8.0, 0.1, 66)
y
Carbon-Carbonate (OG)
4-130 (7 .2 , 0 .3 , 58)
4-150 (6.6, 0.3, 53)

Grain Size (DSDP)
4-88 (1.1 , 2475V 74.4)
6-88 ( 4 . 1 , 33.8, 62.2)

'Globorotal ia fohsi lobata/Globorotal ia mayeri mayeri Explanatory notes in Chapter 1



Site 362 Hole Core 35 Cored In terva l : 577.5-587.0 n> Site 362 Hole Core 36 Cored Interval: 596.5-606.0 m

LITHOLOGIC DESCRIPTION

Greenish gray
(5GY 6/1) to
brown tinted
greenish gray
marl

Chalky marl

Marl 5GY 6/1

Marly chalk
(5GY 6/1)
Greenish gray
(5GY 5/1)
5GY 6/1
5GY 5/1
5GY 6/1
0G sample
Chalky marl
5GY 6/1

Marl 5GY 5/1

Chalky marl
(5GY 6/1)

Olive gray
(5Y 4/1) with
small dark
greenish gray
zone (5GY 4/1)
Chalky marl to
chalk
Marl
Chalky marl
5GY 6/1 to
chalk
Greenish gray
(5GY 5/1) marl

Foraminifera
abundant
Burrows
Tinted brown
marl (5GY 6/1-5/1)
Green gray
chalky marl
Tinted brown
marl (5GY 5/1)

MARLY NANNO CHALK AND FORAMINIFERA
BEARING NANNO CHALK

Cyclic sedimentation:
Intercalation of lighter chalk or
chalky marl zones (5GY 5/1) in marls,
greenish gray (5GY 5/1) more or less
tinted with brown, slightly burrowed
foraminifera

TEXTURE
Silty clay:
<2% Sand, 15% Silt, 85% Clay

COMPOSITION (SS)
Major components
30-60% Calcareous nannofossils
30-60% Clay minerals

Minor components
2-5% Forams
2-3% Carbonate unspecified
0-2% Quartz
2-4% Heavy minerals

Remark: Note presence of s i l t y zones
rich in foraminifera

Carbonate Bomb: 1-23 to 30 cm • 68.2%
CaCO,

Carbon-Carbonate (DSDP)
4-20 (8.3, 0 . 1 , 68)
6-20 (6.6, 0 . 1 , 54)

Grain Size (DSDP)
4-88 (7.5, 24.5, 68.1)
6-88 (3.3, 21.5, 75.1)

*Praeorbulina glomerosa curva/P. glomerosa curva

LITHOLOGIC DESCRIPTION

Marl
Chalky marl

Marl
Chalky marl

Chalk
Marl

FORAMINIFERA BEARING MARLY NANNO
CHALK TO FORAMINIFERA BEARING NANNO
CHALK ~~

Cyclic sedimentation:
Fine marl, olive gray (5Y 5/1) to
brownish gray (5YR 5/1), with inter-
calation of light olive gray (5Y 6/1)
chalky marl; moderately burrowed,
presence of abundant foraminifera,
especially in the darker zones.

TEXTURE
Very l i gh t sandy, s i l t y clay:
1-2% Sand, 30-40% S i l t (nannoflora),
60-70% Clay

COMPOSITION (SS)
Major components
50-60% Calcareous nannofossils
20-30% Clay minerals

Minor components
Forams
Carbonate unspecified

T Pyrite
T- 2% Mica

Remark: The darker marly zones seem
to be richer in foraminifera
than the whiter zones

Carbonate Bomb: 1-83 to 85 cm = 56.8%
CaC03

Carbon-Carbonate (DSDP)
4-20 (5.8, 0 . 1 , 47)

Carbon-Carbonate (0G)
3-130 (6.9, 0 . 1 , 56)
3-150 (7 .3 , 0 . 1 , 59)

Grain Size (DSDP)
4-88 (9.3, 31.4, 59.3)

**Globigerinatel la insueta/Globigerinoides tr i lobus tr i lobus
Explanatory notes in Chapter 1



Site 362 - Hole Core 37 Cored I n t e r v a l : 615.5-625.0 m Hole Core 38 Cored I n t e r v a l : 644.0-653.5 m

LITHOLOGIC DESCRIPTION

Marl
Chalky marl

Marl
5Y 5/2 to
5GY 6/1

Chalky marl

Marl
5Y 5/2 with
2.5Y 5/4
at 75-80 cm

Marl 5Y 5/2
(0-80 cm) to
2.5Y 5/2 (90-
150 cm)

Marl 2.5Y 4/2
dark grayish
brown, with
hematite
staining

Marl 2.5Y 4/2
dark grayish
brown

Chalky marl
2.5Y 5/2

Marl, dark
brownish
gray grading
to olive gray

FORAMINIFERAL MARLY NANNO CHALK TO
FORAMINIFERAL BEARING MARLY NANNCT
CHALK TO FORAMINIFERAL NANNO CHALK

Less obvious cyclic sedimentation
than above; essentially fine marl,
olive gray (5Y 5/2) to dark brownish
gray (2.5Y 5/2) in the lower part of
the core. A few intercallations of
chalky marl zones grayish brown
(2.5Y 5/2). Moderately burrowed.

TEXTURE
Light sandy silty clay:
1-2% Sand, 30% Silt, 70% Clay

COMPOSITION (SS)
Major components'
50-60% Calcareous nannofossils
30-40% Clay minerals

Minor components
5-15% Forams

3% Carbonate unspecified
<n Pyrite

T-'2% Quartz
2- 4% Tourmaline

Remarks: 1) Net increase of terrigenous
input

2) Decrease of burrow's
intensity

Carbonate Bomb: 1-29 to 30 cm = 67.1%
CaCO

3

Carbon-Carbonate (DSDP)
4-20 (7.0, 0.1, 57)
6-20 (7.2, 0.1, 60)

Grain Size (DSDP)
4-88 (9.0, 25.5, 65.5)
6-88 (12.7, 32.3, 55.0)

LITHOLOGIC DESCRIPTION

Marl
dark brownish
gray 2.5Y 5/2

Marly chalk
5GY 6/1

Marl
2.5Y 5/2

Marly chalk

OG sample
Marl

Marly chalk
5GY 6/1

Marl
2.5Y 5/2
with Fe
stains

Marly chalk

FORAMINIFERAL MARLY NANNO CHALK TO
FORAMINIFERAL NANNO CHALK

Dark brownish gray (2.5Y 5/2) marl,
with a few intercalations of greenish
gray (5GY 6/1) brown tinted marly
chalk, moderately burrowed, tendency
to break along the Fe stains.

TEXTURE
S i l t y clay to sandy s i l t y clay:
T-10% Sand, 20-50% S i l t , 40-80% Clay

COMPOSITION (SS)
Major components
50-60% Calcareous nannofossils
10-25% Clay minerals
15-60% Forams

Minor components
1-10% Carbonate unspecified

2% Tourmaline
2% Pyrite

Remarks: 1) Abundant planktonic
foraminifera

2) Great similarity to core 37
3) Presence of Coccospherεs

Carbonate Bomb: 1-29 to 30 cm = 57%
CaCO,

Carbon-Carbonate (DSDP)
4-20 (6.6, 0.1, 54)
6-20 (7.0, 0.2, 57)

Carbon-Carbonate (OG)
2-130 (7.7, 0.1, 63)
2-150 (6.6, 0.1, 54)

Grain Size (DSDP)
4-88 (12.2, 35.7, 52.1)
6-88 (2.4, 81.4, 16.2)

Marl,
dark brownish
gray 2.5Y 5/2

H

tn

Explanatory notes in Chapter 1



Core 39 Cored I n t e r v a l : 672.5-687;0 m Core 40 Cored I n t e r v a l : 701.0-710.5 ffl

LITHOLOGIC DESCRIPTION

Greenish gray
(5GY 5/1)
marly chalk
Greenish gray

Lighter .
greenish gray
(5GY 6/1)

5GY 6/1

5GY 6/1

5GY 6/1

5GY 5/1

5GY 6/1

5GY. 5/1

5GY 6/1

5GY 5/1

5GY 6/1

5GY 5/1

5GY 6/1

Spiral

5GY 6/1

5GY 5/1

FORAMINIFERAL MARLY NANNO CHALK TO
FORAMINIFERAL NANNO CHALK

Greenish gray (5GY 5/1) marly chalk
dominant with interbedded l i g h t e r
greenish gray (5GY 6/1) marly chalk,
mottled and burrowed throughout.
Locally f r a c t u r e d .

TEXTURE
Light sandy, s i l t y c lay:
1-10% Sand, 20-50% Si I t , 40-80% Clay

COMPOSITION (SS)
Major components
50-60% Calcareous nannofossils-
10-20% Clay minerals
15-30% Forams

Minor components
5-10% Carbonate unspecified
1- 2% Pyrite

2% Quartz
1% Heavy minerals

Remarks: 1) Abundance of foraminifera,
apparently well preserved

2) Coccospheres present

Carbonate Bomb: 2-42 to 43 cm = 50.-%%
CaC0

3

Carbon-Carbonate .(DSDP)
4-20 (7.0, 0.2, 57)
6-20 (7.1, 0.1, 59)

Grain Size (DSDP)
4-88 (1.0, 27.4, 71.6)
6-88 (1.0, 31.2, 67.8)

LITHOLOGIC DESCRIPTION

Marly chalk

ln\
9

Chalky zone

Lighter

chalky zone

OG sample

Chalky

zone

FORAMINIFERA BEARING MARLY NANNO CHALK
TO FORAMINIFERA BEARING NANNO CHALK

Very uniform greenish gray (5GY 6/1)
marly chalk, with only 3 short-inter-
bedded chalky zones. Abundant burrows =
both darker and lighter than the sur-
rounding sediment;

TEXTURE
Light sandy, s i l t y , c lay:
T-3% Sand, 5-20% S i l t , 80-90% Clay

COMPOSITION'(SS)
Major components
50-60% Calcareous nannofossils
30-40% Clay minerals

Minor components
3-5% Forams,

3% Carbonate unspecified
T-2% Pyr i te
λ-1% Quartz

T Heavy minerals

Remarks: 1) Discoasters very abundant
2
) Coccospheres present

3) This core corresponds to
core 1 of Site 362A.

Carbonate Bomb: T-23 to 30 cm = 37.4%

CaCO,

Carbo
4-20
6-20

Carbo
b- 130
5-150

Grain

n-Car
( 6 . 3 ,
( 5 . 7 ,

n-Car
(6.8
(6.4

Size

bonate
0 . 1 ,
0 . 1 ,

bonate
, 0 . 2 ,
, 0 . 2 ,

(DSDP)
51)
47)

(0G)
55)
52)

(DSDP)
4-88 (3.1, 31.3, 65.6)

6-88 (1.1, 26.3, 72.5)

Explanatory notes in Chapter 1



Core 41 Cored Interval: 729.5-739.0 m Site 362 Hole Core 42 Cored Interval: 758.0-767.5

to
evi
- J

LITHOLOGIC DESCRIPTION

Chalky zone

5GY 6/1

MARLY NANNO CHALK TO FORAMINIFERA
BEARING MARLY NANNO CHALK

Uniform greenish gray (5G 6/1) marly
chalk, with only three very short more
chalky zones 5GY 6/1. Heavily burrowed.

TEXTURE

Silty clay: T% Sand, 10-40% Silt
(Coccoliths and Discoasters), 603! Clay

COMPOSITION (SS)
Ma.jor components

55-60% Calcareous nannofossils
30-40% Clay minerals

Minor components
2-5% Forams

2% Pyrite
T Quartz
T Tourmaline

Remarks: 1) Less chalky than the
precedent cores

2) Coccospheres present

Carbonate Bomb 1-29 to 30 cm = 56.6%
CaCO

3

Carbon-Carbonate (DSDP)
4-20 (6.7, 0.1, 55)
6-20 (6.5, 0.1, 53)

Grain Size (DSDP)
Greenish 4-90 ( 3 . 2 , 30.0, 66.7)
gray (5G 6/1) 6-84 ( 1 . 5 , 18.3, 80.3)
marly chalk

5GY 6/1

FOSSIL
CHARACTER

5 8

Core
Catcher

LITHOLOGIC DESCRIPTION

FORAMINIFERA BERAING LIGHT MARLY
NANNO CHALK

TEXTURE

Light sandy, silty, clay:
2-3% Sand, 60% Silt, 40% Clay

COMPOSITION (SS)
Major components
60% Calcareous nannofossils

<302; Clay minerals

Minor components
5% Forams
3% Carbonate unspecified
1% Pyrite
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786.5-796.0 m

LITHOLOGIC DESCRIPTION

FORAMINIFERA BEARING MARLY NANNOFOSSIL
CHALK

TEXTURE
Light sandy, silty, clay:
2-3% Sand, <60% Silt, <40% Clay

COMPOSITION (SS)
Major components

50% Calcareous nannofossils
30-40% Clay minerals

10% Forams

Minor components
3.0% Carbonate unspecified

0.5-1.0% Pyrite

Core 44 Cored I n t e r v a l : 796.0-805.5 m
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LITHOLOGIC DESCRIPTION

MARLY NANNO CHALK

TEXTURE

Clayey silt:
<1% Sand, 60%,Silt. (Coccoliths and
Discoasters), 40% Clay

COMPOSITION (SS)

Major components
<50% Calcareous nannofossils

<50% Clay minerals

Minor components
<1% Forams
"2% Quartz

Remark: Nannoflora obviously dissolved
(abundance of large resistant
forms)

Explanatory notes in Chapter 1
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Hole A Core 1 Cored In te rva l : 696.0-701.0 m Site 362 Hole A Core 2 Cored In te rva l : 796.0-805.5 m

LITHOLOGIC DESCRIPTION

Chalky zone

_ Chalky zone

Chalky zone

FORAMINIFERA BEARING MARLY NANNO CHALK

Olive gray (5Y 4 /2 ' t o 2.5Y 5/2) mar l ,
obviously burrowed, with very few
shor t , l i g h t e r , more chalky zones.

TEXTURE
Very fine clayey silt:
2-3% Sand, >70% Silt (Coccoliths and
Discoasters], <30% Clay

COMPOSITION (SS)
Major components

50% Calcareous nannofossils
25-30% Clay minerals
5-10% Forams

Minor components
2-3% Carbonate unspecified
T Mica

Remark: The core was pulled during
working operations down to
last 362 site depth, but
sampled well above the depth
it was pulled. The core was
not sampled in core lab for
this reason.

Carbon-Carbonate (DSDP)
1-80 (8.0, 0.1, 66)

Greenish gray
(5GY 6/1)

Light gray (N7)

LITHOLOGIC DESCRIPTION

Dark greenish
gray (5GY 4/1)
marl

Tending to
dark olive
gray (5Y 4/1)

MARLY NANNO CHALK TO FORAMINIFERA
BEARING MARLY NANNO CHALK

Very uniform, dark greenish gray,
to dark olive gray, to dark grayish
brown. Marl, faintly mottled and
streaked throughout by burrows.

TEXTURE
Silty clay:
0.5-1.0% Sand, 40% S i l t y , 60% Clay

COMPOSITION
Major components
40-50% Calcareous nannofossils
40-50% Clay minerals

Minor components
5% Forams,

3-5% Carbonate unspecified
T Pyr i te

1-4% Quartz
2% Tourmaline

Remark: Dissolution obvious on nanno-
flora

Carbonate Bomb: 1-23 to 30 cm = 45.35%
CaCO3

Carbon-Carbonate (DSDP)
4-20 (4.8, 0.1, 39)
6-25 (4.6, 0.1, 38)

Grain Size (DSDP)
4-117 (0.3, 17.4, 82.3)
6-89 (2.3, 20.2, 77.5)

Dark greenish
gray (5GY 4/1)
with dark
grayish brown
(10YR 4/2)

OG sample

Grayish brown
(10YR 4/2)
with dark
grayish green
(5GY 4/1)

Explanatory notes in Chapter 1



Hole A Cored Interval: 834.0-843.5 Site 362 Hole A Core 4 Cored Interval: 872.0-881.5 m

LITHOLOGIC DESCRIPTION

5Y 4/1

Chalky zone

5Y 4/2 dark
gray chalk

Laminations
5Y 4/2 dark
gray green

10YR 4/2
dark brownish
gray
5Y 4/2

Brownish

Greenish

Burrows

Fe oxide

Slightly
chalky
5Y 6/1

More chalky

OG sample

More chalky

Lighter color

Lighter color

~ZZ Lighter color

FORAMINIFERA BEARING BRAARUDOSPHAERA
CHALK TO MARLY NANNO CHATi<

Dominant dark brownish gray (1OYR 4/2)
to dark olive gray (5Y 4/2) marl, with
a few interbedded more chalky zones
(5Y 6/1). Marls well burrowed. Chalk
burrowed at top only.

TEXTURE
Very fine clayey s i l t :
3-5% Sand, 70% Silt (Coccoliths and
Discoasters), 25% Clay

COMPOSITION
Major components
50-70% Calcareous nannofossils
15-30% Clay minerals

10% Forams

Minor components
1% Pyrite
5% Carbonate unspecified

2-5% Quartz
<2% Mica
<2% Tourmaline

Remarks: 1) The core catcher sediment
contain 25-30% Braarosphaera
pentaliths (entire core
broken)

2) Presence of Erosion contacts

Carbon-Carbonate (DSDP)
4-20 (5.2, 0.1, 43)
6-20 (6.7, 0.1, 55)

Grain Size (DSDP)
4-85 (0.6, 21.3, 78.1)

LITHOLOGIC DESCRIPTION

Marl
5GY 5/1

Limestone
burrowed
5GY 6/1
Marl

Limestone

BRAARUDOSPHAERA BEARING MARLY NANNO
CHALK TO BRAARUDOSPHAERA CHALK TO
FORAMINIFERA BEARING LIGHT MARLY NANNO
CHALK

Cyclic sedimentation « greenish gray
(5GY 4/1 to 5GY 5/1) marl, to brownish
gray (5YR 5/1 to 5YR 4/1), with inter-

Marl brownish calation of 20 limestone zones (light
chalk bluish gray [5B 7/1] or bluish white
Marl limestone £ü *!?>:J*"*™*
Marl
Limestone
Marl

Limestone
Burrows
Limestone
Marl
Limestone
OG sample
Marl
Limestone
5GY 7/1

5GY 5/1
Limestone
5GY 7/1

5GY 6/1

Marl
5GY 5/1

5B 7/1
5B 5/1
Marl
Chalk

Marl
5GY 5/1

5GY 5/1

5GY 6/1
5GY 5/1
Limestone
5B 5/1
5GY 4/1

5GY 4/1
Marl

5YR 7/1

5YR 4/1

Chalk
5YR 4/1

Presence of erosion contacts.

TEXTURE
Clayey silt:
1-2% Sand, 50% Silt (pentaliths),
50% Clay

COMPOSITION (SS)
Major components
15-60% Coccoliths
2-35% Braarudosphaera
5-10% Forams
3-20% Clay minerals

Minor components
5-7% Carbonate unspecified

1% Pyr i te
<1% Mica
<1% Quartz

T:2% Tourmaline

Remark: Some of the Braarudosphaera
chalk zones contain 95% of
Braarudosphaera bigelowi,
among which 30% are complete
pentaliths

Carbonate Bomb: 1-0 to 1 cm = 38.2%
CaC03

Carbonate (DSD
4-80 (10.4, 0.1, 86)
6-78 (10.3, 0.0, 86)

Explanatory notes in Chapter 1



Site 362 Hole A Cored Interval: 910.0-919.5 m Site 362 Hole A Core 6 Cored Interval: 929.0-938.5 m

LITHOLOGIC DESCRIPTION

5YR 5/1
Brownish
gray

Light gray
(N9)
Dark gray
(N4)
Light bluish
gray (5B 5/1)

Medium dark
gray (N4)
to medium
gray (N5-N6)

Greenish gray
(5G 7/1)
5B 7/1 Marl
Marl
Marl
5B 7/1
5B 5/1
Marl
Marl
Chalk 5Y 7/2
5G 8/1
5G 8/1

Erosional
contact
Marl With fine

laminations

BRAARUDOSPHAERA BEARING MARLY CHALK,
HIGHLY DOLOMITIZED TO BRAARUDOSPHAERA
CHALK

Cyclic sedimentation:
Appearance of brownish gray (5YR 5/1),
gray (N4, N5) or greenish gray (5B 6/1)
marls with light gray (5Y 7/2, 5G 8/1)
to bluish white limestone. Marly layers
highly burrowed and presenting locally
fine laminations.

TEXTURE
Very fine clayey silt:
1% Sand, 60% (Coccoliths and
pentaliths), 40% Clay

COMPOSITION (SS)
Major components
20-50% Calcareous nannofossils

30% Clay minerals
2-35% Dolomite rhombs
2-80% Braarudosphaera

Minor components
2- 5% Forams
2-10% Quartz

T Pyrite

Remarks: 1) The Braarudosphaera chalk
is almost entirely composed
of Braarudosphaera penta-
liths (>80%), without any
other or few Coccoliths.
Traces of recalcification.

2) The dolomitic rhombs are
well crystallized and all of
the same size

3) More chalk (50-70% of the
core) than in the previous
cores.

Marl

Stylo!ites

Marl

5G 8/1 Sandy
layer
Marl
5G 8/1
Marl
5G 8/1
Marl 5G 7/1
Marl 5G 5/1

Marl 5GY 5/1

Bluish white
5B 9/1 Erosional
5B 8/1 contact

Greenish gray (5G 5/1)
to light greenish gray (5G 7/1)
5B 5/1
5GY 5/1 to 5B 7/1 light
bluish gray

Carbonate Bomb: 1-82 to
CaC03

Carbon-Carbonate (DSDP)
4-137 (10.7, 0 . 1 , 88)
6-115 (11.0, 0 . 1 , 91)

Dark Zoophycos

• 33.2

LITHOLOGIC DESCRIPTION

MARLY NANNO CHALK DOMINANT WITH
CALCAREOUS NANNO CHALK AND FORAMINIFERA

Burrows
5B 7/1
5B 6/1

5B 7/1

10YR 5/1
Burrows
inclined 20°

Slump
contact and
fault
N6-N7
slumping

Burrows
N6-N7

10YR 5/1

N6-N5
10YR 5/1
N6-N5
10YR 5/1
N6-N5
10YR 5/1
N6-N5
10YR 5/1

N7-N6
medium gray

5G 6/1
Greenish gray

BEARING MARLY NANNO CHALK

Dominantly marly, less hard than
previous cores - gray brown (10YR 5/1),
to greenish gray (5G 6/1), to light
greenish gray (5G 5/1) marls, heavily
burrowed, with intercalations of a
very few lighter (light gray [N7] or
medium light gray [N6]) more chalky
zones. Presence of slumping structures
along core (cf. Section 2), and
laminated marly zones.

TEXTURE
Very f ine s i l t y clay or clayey s i l t :
1-2% Sand, =50% S i l t (Coccoliths),=50%
Clay

COMPOSITION
Major components
40-50% Calcareous nannofossils
25-30% Clay minerals

<25% Carbonate unspecified

Minor components
5% Forams

1-2% Quartz
1-2% Mica
T-2% Tourmaline and Zeolite

Remark: Transitional zone between
Braarudosphaera chalk and the
dominantly more marly and less
hard sediments of Eocene time.
The sediments ,re more homogen-
eous.

Carbonate Bomb: 1-58 to 59 cm = 67.
CaC03

5G 5/1 light
greenish gray Carbon-Carbonate (DSDP)
with Zoophycos 4-29 (8.7, 0.1, 71)

6-145 (9.5, 0.1, 78)
5G 6/1 light
greenish gray Grain Size (DSDP)
5G 5/1 4-30 (2.8, 29.2, 68.0)

5G 6/1
5G 5/1
5G 6/1

0G sample
5G 5/1 greenish
gray

5G 6/1 light
greenish gray

Pseudohastigerina micra/Cassigerinella chipolensis Explanatory notes in Chapter 1



Hole A Cored I n t e r v a l : 948.0-957.5 m

t o

LITHOLOGIC DESCRIPTION

10YR 5/2

MARLY NANNO CHALK/LIMESTONE TO
CALCAREOUS NANNO CHALK/LIMESTONE

Greenish gray (5G 6/1) and grayish
brown (10YR 5/2), locally red tinted
endurated marl, heavily burrowed and
heavily abundant foraminifera. Presence
of 2 minor lenses of marly limestone.

Sharp contact
 TFXT1

,
RF

5G 6/1 Very fine silty clay on clayey silt:
<1% Sand, 60S; Silt, 40% Clay

10YR 5/2 with COMPOSITION
gray spots and Major components
red halves
5G 6/1

Prominent
burrows

10YR 5/2 and
5G 6/1

5G 6/1

5G 7/1

N6 gray
streaks

30-50% Calcareous nannofossils
30% Clay minerals
40% Carbonate unspecified

Minor components
<1% Dolomite rhombs

1̂2% Quartz
2% Forams

Remarks: 1) The abundant unspecified
carbonate are pieces of
dissolved and recalcified
calcareous nannofossils
(placoliths, sphenoliths).
The degree of diagenesis and
thus the d i f f i c u l t y of
identifying the nannofossil
remains increases regularly
from Core 5 to the basis of
the Core.

2) The sediments are increas-
ingly rich in marlstones,
with small interbedded lime-
stone zones.

Carbonate Bomb: 1-140 to 141 cm = 67.6%
CaC03

Carbon-Carbonate (DSDP)
4-54 ( 1 0 . 1 , 0 . 1 , 83)

Grain Size (DSDP)Zoophycos

5G6/1 loca l ly 4 " 4 2 < 5 - 2 ' 4 8 ° 4 6 •
t i n t e d red
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LITH0L0GIC DESCRIPTION

MARLY LIMESTONE TO LIMESTONE

5 G 5 / , Mostly greenish gray (5G 6/1-5G 7/1)
' marly l imestone, wel l burrowed and

m o t t l e d . A few darker greenish gray
5G 7/1 (5G 5/1) zones.
l ight bluish
gray TEXTURE
5G 6/1 Very fine s i l t y clay/clayey s i l t :

<5% Sand, 70-80% S i l t very fine
Zoophycos Ipentaliths and sphenoliths fragments),

15-20% Clay

COMPOSITION
Major components
20-30% Calcareous nannofossils

5G 5/1 10-20% Clay minerals
30-40% Carbonate unspecif ied

,-r , . . 10-25% Forams
Du D/ I
5G 5/1 Minor components
5G 6/1 2-5% Quartz
c- ,, , 1% Heavy minerals
5G 7/1

Remark: The limestone is a nanno chalk5G 6/1 modified by diagenesis (dissolu-
t i o n , recalc i f icat ion.. . ) =
only p lacol i th, sphenolith and
pentalith fragments can be
recognized.

0G sample Carbonate Bomb: 1-76 to 77 cm = 82.4%
CaC03

Zoophyco- Carbon-Carbonate (DSDP)

5G 7/1 l i g h t
greenish gray
marly l imestone

Gray streaks

Explanatory notes in Chapter 1
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Site 362 Hole Λ Core 9 Cored I n t e r v a l : 995.5-1005.0 m Site 362 Hole A Core 10 Cored Interval: 1024.0-1033.5 m

LITHOLOGIC DESCRIPTION

with very
fine parallei
laminations

— streaked with
white, cross
beds
Burrows
(0.5 cm, thick
dark greenish
gray laminae
plus sandy
layer at basis)

5B 5/1 to N7
Contact with
33 cm calcarenite
above

5G 7/1, burrowed
nanno foram
limestone

5G 6/1

Greenish gray
(5G 6/1)

FORAMINIFIERAL CALCAREOUS NANNO CHALK/
LIMESTONE TO CALCAREOUS SILTSTONE TO
MARLY LIMESTONE

Light bluish gray (5B 7/1) limestone,
grading to light greenish gray (5G 8/1)
bluish white (5B 9/1) calcareous sand-
stone locally, and to a light greenish
gray nanno foram, burrowed massive
limestone (Sections 1, 2, 3) and finally
to a greenish gray (5G 6/1) marly lime-
stone (Section 4).

Light sandy, clayey s i l t :
3-5% Sand, 50-603! S i l t , 30-40% Clay

COMPOSITION (SS)
Major components
50-60% Carbonate unspecified
20-70% Calcareous nannofossils

20% Clay minerals
20% Forams

Minor components
<1% Pyrite
1-2% Quartz
0-5% Heavy minerals (Tourmaline,

C h l o r i t e , Diopside)

5G 7/1 Carbonate Bomb: 1-133 to 134 cm = 94.

Greenish gray
 C a C

°
3

Carbon-Carbonate (DSDP)
4-130 (8.2, 0.1 , 68)

# 5GY 4/1

Small calcarenite
layer 5G 8/1

5G 6/1
5G 4/1

5B 9/1 bluish
white streaked
with 5B 7/1, light
bluish gray limestone

Grain Size (DSDP)
4-120 (15.5, 41.6, 42.

LITHOLOGIC DESCRIPTION

Greenish gray
5G 5/1,
mottled and
burrowed

5G 8/1
5G 5/1

5G 8/1
5G 5/1

iTr 5G 8/1

Turbidite
with very
fine lamina-
tions at the
base 5G 8/1

Fairly massive
coarse cal-
carenite and
finer lami-
nated at the
top

5G 5/1 marl

FORAMINIFERAL CALCAREOUS NANNO CHALK
OR LIMESTONE

Greenish gray (5G 5/1) indurated
burrowed marl with interlayers of
5G 8/1 to 5B 8/1 greenish and bluish
white laminated limestones and cal-
carenites. Presence of a large (1.5 m)
turbidite sequence, with coarse cal-
carenite at the base and then fine
laminated calcarenite or limestone.

TEXTURE
Light sandy, clayey, silt:
3-5% Sand, 6-80% Silt (fine carbonate),
20-30% Clay

COMPOSITION (SS)
Major components
60-75% Carbonate unspecified
15-20% Forams

5% Calcareous nannofossils

Minor components
1-2% Quartz

T Mica
T-2% Zoisite, Tourmaline, Epidote

Remark: Strong diagenesis gives a
great amount of unsepcified
carbonates (which in fact are
fragments of broken pentaliths,
sphenoliths, placoliths, etc.

Carbonate Bomb: 1-67 to
CaCO,

Carbon-Carbonate (DSDP)
2-127 (9.9, 0.1, 82)

cm = 62.50%

Explanatory notes in Chapter 1



Site 362 Hole A Core 11 Cored Interval: 1062.0-1071.5 Site 362 Hole A Core 12 Cored Interval: 1071.5-1081.0

LITHOLOGIC DESCRIPTION

FORAMINIFERAL CALCAREOUS NANNO CHALK/
LIMESTONE OR MARLY LIMESTONE ~~~

Bluish white (5B 9/1, to light greenish
gray (5G 8/1) limestones cobbles
streaked with darker or lighter burrows.
Light brownish gray at the base.

TEXTURE
Sandy, clayey silt:
10% Sand, 80% Silt, 10% Clay

COMPOSITION (SS)
Major components
60% Carbonate unspecified
15% Forams
5% Calcareous nannofossils

Minor components
<20% Clay minerals
" T Quartz

Remark: Very strong diagenesis

Carbonate Bomb: CC = 84.5% CaC03

LITHOLOGIC DESCRIPTION

Greenish
cobbles

5YR 5/2
marl

5B 5/1
5YR 5/2
5B 5/1

MARLY LIMESTONE TO FORAM NANNO
LIMESTONE

Reddish gray indurated marl, inter-
layered with bluish white (5B 9/1)
limestone, well mottled with burrows.

TEXTURE
Light sandy, clayey silt:
5% Sand, 80% Silt, 15% Clay

COMPOSITION (SS)
Major components
30-75% Carbonate unspecified
10-15% Forams

10% Calcareous nannofossils

Minor components
10-40% Clay minerals

Remark: The unspecified carbonate are
fragments of placoliths, sphen-
oliths strongly affected
by diagenesis. Effects of
diagenesis are also reflected
in the silicification of the
sediment (e.g., interpenetrated
white layer), and thus in a
diminution of the CaC03 content.

Carbonate Bomb: CC = 41.38% CaC03

Carbon-Carbonate (DSDP)
1-80 (9 .8 , 0 . 1 , 82)

Explanatory notes in Chapter 1
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S i t e 353 Hole Core 1 Cored I n t e r v a l : 31.0-40.5 m
H
Pi

Site 363 Hole Core 2 Cored Interval: 50.0-59.5 m

FOSSIL z: ^

ZONES CHARACTER
 z

 2 £
S £ g £ g g ^ LITHOLOGY f ^ LITHOLOGIC DESCRIPTION

g I I S E £ §
<= S 2 S Sj >~

AG AM £ z j E t E 5 B 9 / ] " FORAM-NANNO OOZE
-5 .„ _ — —i— —i— Sections 1 and 2 light greenish gray

| fe S A π - - | — [ - + ~ | ~ (5G 8/1) and light bluish gray (5B 7/1).
o £ IS - _|— _ µ _ Beginning i n Section 3, patches of l i g h t
S ε i o 5 1— _|— _ yellowish brown (2.5Y 6/4) and pale yellow

•™ ^ A G ' - ~ | ~ | T + - 5B 7/1 (2.5Y 7/4) alternating with the greenish
:ε "S <D 1 _ — — I — — 1 • ^ cu R/i grays and becoming predominant i n Sections
'• o V, - ZΛ i~^ZjJT S I B / l 4-6. Occasional small pyritic spots,
3 o S 1 •O~ " ' ~ I ~ ^ I ~ ' Sections 1-3. Core mostly heavily dis-

•§ S - — I — — i — — turbed by d r i l l i n g . No burrows e v i d e n t .

0L A M ZZ>~Z ,~^ 110 MINERALOGY (Average from SS)
- ^ ^ H 1— 1% Quartz
I r+r^rt^r s% ci ay
- — I — — I — j — 10% Carbonate unspeci f ied

~ — I — i — I — — T Fe-o×ide
AG AG 9 ~~i~~β~i~~t~ c v o / 1 17% Forams

^ I E+E÷T+Z 8 / 63% Nannos
_ 1 1— 0- 1% Fish remains
Z ::^1 hz T Zircon

2 . I=f̂ t TEXTURE (Average from SS)
m ° ^ T ^ + ^ ^ ^ 1 M 19.3% Sand, 54.3% S i l t , 26.4% Clay

8 | 2 AM - Z+^rtl+r J Carbon-Carbonate (DSDP)
x • •H j - • _ Z+Z+r÷ I^T . s y . , 4-20 (9.6, 0 . 1 , 80)
UJ « S AG : ^ t £ ! 3 ^ + ^ 2.5Y 7/4 6-20(8.6,0.0,71)

2 *» S - ~~i~~ 1 | ' j - Y o / i Carbon-Carbonate (0G)
° •" — - —t—.—*— ' 4-130 ( 7 . 8 , 0 . 1 , 64)

0 ° - E J Z + r 2.5Y 7/4 4 - 1 5 0 ( 8 . 1 , 0 . 1 , 6 7 )

13 I —t— —I 139 . Grain Size (DSDP)
AM " - H V ^ 4-88 (8.1, 35.9, 56.0)

I l t T÷Z+T | 5Y 8/1 6-88(12.8,28.2,59.1)

AG AG " ^ ^ ^ I
4 : I Y I | - t - 2.5Y 7/4

Z ' ' 0 G

AP I ZµTtl+Z+Z. 2.5Y 7/4

Z - y ~ i ~' | 5Y 8/1

» 5 ; Z+Z^T+Z+Z I 2.5Y 7/4

f - ^ =^ ' 5Y 8/1
1 _ —(ir tlµr1"^ I 2.5Y 7/4

I I : E+= ^z i 5Y 8/1

2 i -3 I Z1_Z+3 t IT
h ; I 2.5Y 7/4

| | | AG , • 6 : ^ T ^ r I 2.5Y 6/4

_ j ~ ~+~l~+~µ~ 140

.-„ ._ Catcher 1— — I — . r

AG AG Z^~.~^~i~

I I FOSSIL I""! I I z I "J I I
ZONES CHARACTER z 2 °= "

1—I—|—2 % fe 5 •i
S £ o S σ {-; LITHOLOGY S "? , U LITHOLOGIC DESCRIPTION

ε i ε l " w « •s

0 FORAM-NANNO OOZE

Very fine gray (2.5Y 7/2) to brownish

- gray (2.5Y 7/4). Moderately to strongly

g I
 V O J D

 deformed by drilling.

S-^ •? MINERALOGY (Average from SS)

J° ? 1 2% Quartz

S i | | c- 6% Clay
u £ X 1 0— —I—. —I—, —h 2% Carbonate unspecified
| ^ - l ^ Z + Z^. T Fe-oxide
^ o ~ ~i ' I h ~ l , . n 18% Forams

2 AG l y ^T - , K U 71% Nannos
1 J - r^+r+TltZT~ o- 1% Fish remains

ö— £ 1 : * ^ + - TEXTURE (Average from SS)
s | g AM 2 - " i ~ i~ l~r 1 M S a n d • 5 4 % S i l t 2 W Clay

£ ° - I ^ —'—H^1" Carbon-Carbonate (DSDP)
S w ; "- |~l~ l~l " 4-20 (8.2, 0.0, 68)

- l ( r
+ Z + r f Z + Grain Size (DSDP)

• G ~" l~*~l~*~ | 4-88 (7.3, 30.3, 62.4)

1 | | 4 :UH|§
= - ~+~,—'— —^

- ^ ^ H ^ ^ t I •'_'- 2.5Y 7/2

51 ε Core -ĥ  ^ V
I M I AG 1 AG I | I C a t c h e r f + ^ Z ^ | cc [ | ^ _ _ ^ _ _

Explanatory notes i n Chapter 1 •>



Site 363 Hole Core 3 Cored Interval: 69.0-78.5 m Cored Interval: 88.0-97.5 m

°L js

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

7.5YR 5/4

FORAM-NANNO OOZE
Very fine light yellow brown (10YR 6/4).
Light gray (2.5Y 7/2) and brownish gray
(2.5Y 7/4) through most of core, with
brown patch (7.5YR 5/4) in Section 3.
Moderately to strongly deformed by
drilling.

MINERALOGY (Average from SS)
4% Quartz

14% Clay
0% Carbonate unspecified
T Fe-oxide

18% Forams
61% Nannos
T Fish remains
T Zircon

TEXTURE (Average from SS)
20% Sand, 41* Silt, 39% Clay

Carbon-Carbonate (OS)
2-130 (7.4, 0.1, 61)
2-150 (7.7, 0.1, 64)

FOSSIL
CHARACTER

AM AM

Core
Catcher I I I

,1,1,

LITHOLOGIC DESCRIPTION

2.5Y 7/4

10YR 6/4

5B 7/1

5B 7/1

NANNO CHALK INTERLAYERED WITH
"BRAARUDOSPHAERA" OOZE
Very fine brownish gray (2.5Y 7/4) light
gray (2.5Y 7/2) and yellow brown (10YR
6/4) chalk. Thin layers of light bluish
gray (5B 7/1) "Braarudosphaera" ooze.
Slight deformation.

MINERALOGY (Average from SS)
Chalks
1.5% Quartz
11.0* Clay

T Opaques
6.0% Forams
73.0% Nannos

T Chlorite

"Braarudosphaera" Ooze
2* Quartz
10% Clay
5% Carbonate unspecified
10% Forams
67% Nannos
T Chlorite
T Opaques

TEXTURE (Average from SS)
Chalks: 6% Sand, 58% Silt, 36% Clay
Ooze: 9% Sand, 62% Silt, 29% Clay

Carbon-Carbonate (DSDP)
3-20 (8.4, 0.0, 70)

Grain Size (DSDP)
3-98 (7.3, 36.6, 56.1)

Explanatory notes in Chapter 1



to S i t e 363 Hole Core 5 Cored I n t e r v a l : 107.0-116.5 S i t e 363 Hole Core 6 Cored I n t e r v a l : 126.0-135.5 m

FOSSIL
CHARACTER

Core
Catcher

i ; i ; i

i ; i ; i

LITHOLOGIC DESCRIPTION

10YR 7/2

10YR 7/2

10YR 7/2

10YR 7/2

10YR 6/4

10YR 7/2

10YR 7/2

10YR 6/4
Brown

^color
^change

gray

5Y 7/1

FORAM-NANNO CHALK INTERLAYERED WITH
"BRAARUDOSPHAERA" OOZE
Yellow brown (10YR 6/4) chalk inter-
layered with light gray (10YR 7/1)
"Braarudosphaera" ooze followed by
light gray (5Y 7/1) chalk occasionally
moderately disturbed. Color contacts
sharp.

MINERALOGY (Average from SS)
Chalks
1% Quartz
13% Clay
1% Carbonate unspecified
10% Forams
72% Nannos
T Chlorite
T Opaques

OOZE
T Quartz
10% Clay
T Heavyies
1% Forams

90% Nannos
T Fish remains

TEXTURE (Average from SS)
Chalk: 19% Sand, 54% Silt, 27% Clay
Braarudosphaera ooze: T Sand, 75% Silt,
25% Clay

Remarks: SS 1-140 P. joidesa

Carbon-Carbonate (DSDP)
4-20 (9.4, 0.1, 78)

Carbon-Carbonate (OG)
4-130 (9 .8 , 0 . 1 , 81)
4-150 (9 .7 , 0 . 1 , 81)

Grain Size (DSDP)
4-88 (0 .4 , 3 8 . 1 , 61.5)

AM AG

Core
Catcher

LITHOLOGIC DESCRIPTION

5B 7/1

5Y 7/2
5Y 8/1

5Y 7/2

10YR 5/6

5Y 8/1

10YR 5/6

5Y 7/1

5Y 8/1

5Y 7/1

5Y 8/1

10YR 5/6
5Y 7/1

10YR 5/6

NANNO CHALK WITH INTERLAYERS OF
"BRAARUDOSPHAERA" OOZE
Yellow brown (10YR 5/6), light gray
(5B 7/1 and 5B 7/2), white (5Y 8/1)
chalks, interlayered with white (5Y 8/1)
oozes. Undeformed to moderately deformed
except Section 4, intensely deformed
color changes in chalks abrupt.

MINERALOGY (Average from SS)
ChTTF
7% Quartz
12% Clay
1% Carbonate unspecified
1% Forams

75% Nannos
T Opaques
T Fe-oxides (in brown chalks)

Oozes
10% Quartz
10% Clay
2% Carbonate unspecified
1 % Forams

77% Nannos
T Fish remains

TEXTURE (Average from SS)
Chalk: 3% Sand, 67% Silt, 30% Clay
Oozes: 0% Sand, 75% Silt, 25% Clay

Carbon-Carbonate (DSDP)
4-20 (9.6, 0.0, 80)

Grain Size (DSDP)
4-88 (0

ize (DSDP
.2, 76.2, 23.6)

Explanatory notes in Chapter 1



Site 363 Hole Core 7 Cored Interval: 145.0-154.5 m Cored Interval: 183.0-192.5 m

LITHOLOGIC DESCRIPTION

5G 6/1

FORAM-NANNO CHALK AND "BRAARUDOSPHAERA"
OOZE
Light gray green (5G 6/1) and brownish
white (5B 7/1) chalk with white (5Y 8/1)
ooze.

5B 7/1
5Y 8/1
5G 6/1

5Y 8/1

MINERALOGY
SS 1-40
Chalk
5% Quartz

15% Clay
T Heavies
10% Forams
65% Nannos
2% Opaques
T._ Fish remains

SS 1-140
Ooze
15? Quartz
10% Clay
75% Nannos

TEXTURE
Chalk: 10% Sand, 40% Silt, 50% Clay
Ooze: OX Sand, 80% Silt, 20% Clay

Site 363 Hole Core 8 Cored Interval: 164.0-173.5 m

LITHOLOGIC DESCRIPTION

5G 6/1

5Y 8/1

5G 6/1

FORAM-NANNO CHALK "BRAARUDOSPHAERA" OOZE
Greenish gray (5G 6/1) chalk moderately
burrowed "Braarudosphaera" white (5Y 8/1)
ooze. Very disturbed.

MINERALOGY (Average from SS)
Chalks
8% Quartz

20% Clay
8% Forams
65% Nannos
T Opaques
Rare Garnet

SS 2-110
Ooze
TδT~Quartz
5% Clay

80% Nannos

TEXTURE
Chalks (Average from SS): 10% Sand,

42% Silti 18% Clay
Ooze (SS 2-110): 0% Sand, 80% Silt,

20% Clay

Carbon-Carbonate (OG)
1-130 (8.2, 0.1, 68)
1-150 (10.3, 0.1, )

)
85)

LITHOLOGIC DESCRIPTION

NANNOFOSSIL CHALK
Light brownish gray (5Y 7/3), light
gray (5Y 7/1) and pale brown (10YR 7/4)
chalks. Gradational color changes
locally intense burrowing including
Zoophycos, small burrows.

MINERALOGY (Average from SS)
5% Quartz
16% Clay
1% Carbonate unspecified
6% Forams
71% Nannos

T Opaques
T Fe-oxide ( i n brownish chalks)

TEXTURE (Average from SS)
15% Sand, 53% S i l t , 32% Clay

Carbon-Carbonate (OG
3-130 ( 1 0 . 8 , 0 . 1 , 90
3-150 9 . 7 , 0 . 0 , 81)

Grain Size (DSDP)
4-88 ( 2 . 4 , 4 6 . 2 , 51.4)

l a n a t o r y notes in Chapter 1

C/3

H
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Site 363 Hole Core 10 Cored I n t e r v a l : 202.0-211.5 m Site 363 Core 11 Cored I n t e r v a l : 221.0-230.5 m

FOSSIL
CHARACTER

Core
Catchei

I I I

LITHOLOGIC DESCRIPTION

Zoophycos

FORAM-NANNO CHALK
Pale brown (1OYR 7/4) and l i g h t gray
(5Y 7/1) cha lks , s tead i l y a l te rna t ing
gradational co lor changes ^20 to 30 cm
each. Two zones of very l i g h t gray (N6)
chalk minor laminations in two places
(<IO cm). Local ly intense burrowing.

MINERALOGY (Average from SS)
8% Quartz

11% Clay
15% Forams
64% Nannos
T Opaques
?% Chlor i te
T Fe-oxide ( i n brownish zones)
T Zeo l i te

Rare Garnet
Rare Tourmaline

TEXTURE
6% Sand, 42% S i l t , 52% Clay

Carbon-Carbonate (DSDP)
4-20 (9 .0 , 0 .0 , 75)
6-20 (9 .5 , 0 . 1 , 78)

Grain Size (DSDP)
4-88 ( 3 . 6 , 47 .3 , 49.1)
6-88 (1 .3 , 49 .9 , 48.8)

FOSSIL
CHARACTER

AM AP

LITHOLOGIC DESCRIPTION

10YR 7.5/3

10YR 7/1

FORAH-NANNO CHALK
Light gray (10YR 7/1) ye l lowish gray
(10YR 7.5/3) and minor white (5Y 8/1)
chalks. Homogeneous gradational color
changes, minor laminat ions, l o c a l l y
intense burrowing.

MINERALOGY (Average from SS)
10% Quartz
8% Clay
2% Carbonate unspecified
T Chlorite
19% Forams
69% Nannos
T Zeolites

TEXTURE (Average from SS)
19% Sand, 51% S i l t , 30% Clay

Carbon-Carbonate (DSDP)
4-20 ( 0 . 1 , 0 . 1 , 83)
6-20 ( 9 . 4 , 0 . 1 , 78)

Carbon-Carbonate (OG)
5-130 (9 .3 , 0 . 0 , 77)
5-150 ( 9 . 7 , 0 .0 , 81)

Grain Size (DSDP)
4-88 ( 2 . 3 , 46 .2 , 51.5)
6-88 (2 .5 , 39.6, 57.9)

5Y 8/1

5Y 8/1

5Y 8/1

0 G

Explanatory notes in Chapter 1



Core 12 Cored I n t e r v a l : 240.0-249.5 m Core 13 Cored I n t e r v a l : 259.0-268.5 m

to

σ

LITHOLOGIC DESCRIPTION

Laminations
5Y 8/1

FORAM-NANNO CHALK
Yellowish gray (1OYR 7.5/3), light gray
(1OYR 7/1) chalks with white (5Y 8/1)
and pale gray (1OYR 8/2) intercalations.
Most of core shows gradational color
changes, smeared by burrowing. Fine
laminations in Sections 3 and 4.

MINERALOGY (Average from SS)
9% Quartz
6% Clay
2% Carbonate unspecified
T Opaques
T Fe-oxide
17% Forams
64% Nannos
T Zeolite

Rare Garnet
Rare Tourmaline

TEXTURE (Average from SS)
17% Sand, 58% Silt, 25% Clay

Carbon-Carbonate (DSDP)
4-20 (10.6, 0.1, 88)
6-20 (9.7, 0.0, 80)

Grain Size (DSDP)
12-4 ( 4 . 9 , 50.3, 44.8)
12-6 ( 2 . 6 , 51.4, 46.0)

1OYR 8/2

10YR 8/2

10YR 8/2

LITHOLOGIC DESCRIPTION

= 1OYR 8/2

10YR 7/4

10YR 8/2

10YR 7/4

FORAM-NANNO CHALK
Pale brown (10YR 7/4) minor yel lowish
gray (10YR 7.5/3) chalks w i t h in ter layers
of yel lowish gray (10YR 8/2) chalk.
Locally in tens ive ly burrowed. Color
changes g r a d a t i o n a l , smeared by burrowing.

MINERALOGY (Average from SS)
9% Quartz
6% Clay
3% Carbonate unspecified
T Opaques

12% Forams
73% Nannos

U Zeolites
T Fe-oxide
T Chlorite

Rare Garnet

TEXTURE (Average from SS)
11% Sand, 60% S i l t , 29% Clay

Carbon-Carbonate (DSDP)
4-20 (10.6, 0.0, 88)

Carbon-Carbonate (OG)
3-130 (9.8, 0.0, 81)
3-150 (10.0, 0.0, 83)

Grain Size (DSDP)
4-88 (3.9, 61.2, 34.9)

Explanatory notes in Chapter 1



to

o
Core 14 Cored Interval: 278.0-287.5 m Core 15 Cored Interval: 297.5-306.0 m

FOSSIL
CHARACTER

ε 1 —
o

I

Core
Catchf

30 Z

LITHOLOGIC DESCRIPTION

10YR 7.5/2

10YR 7/3

10YR 8/1

10YR 7/3

10YR 8/1
10YR 8/2

10YR 7/3
10YR 8/1
10YR 7/3
10YR 8/1
10YR 7/3

10YR 7/3
10YR 7/3

10YR 8/3

10YR 8/3

10YR 8/2

10YR 8/3

1OYR 8/3

10YR 8/2

FORAM-NANNO CHALK
Pale brown (10YR 8/3), yellowish white
(10YR 8/2 or 10YR 7.5/2) to pale brown
(10YR 7/3) chalks, often sharply inter-
layered. Generally intense burrowing.
Locally dense concentration of laminations
and cross beds.

MINERALOGY (Average from SS)
7.OS! quartz
6.0* Clay
0% Carbonate unspecified
T Opaques

8.0% Forams
77.0% Nannos
1.5% Zeolite
T Fe-oxide

TEXTURE (Average from SS)
12% Sand, 61% Silt, 27% Clay

Carbon-Carbonate (DSDP)
4-20 (10.6, 0.0, 88)
6-20 (10.6, 0.0, 88)

Grain Size (DSDP)
4-88 (2.1, 52.4, 44.5)
6-88 (7.3, 44.5, 48.2)

LITHOLOGIC DESCRIPTION

Chert
nodule

10YR 7/1

10YR 7/1

Laminations

10YR 7/1

10YR 7/1
10YR 7/1

Drilling
breccia

NANNOFOSSIL CHALK
Light gray (10YR 7/1) chalk with darker
light olive gray (5Y 6/1) strongly
burrowed zones in Section 3.

MINERALOGY (Average from SS)
6% Quartz
5% Clay
3% Unspecified carbonate
T Chlor i te
6% Forams
75% Nannos
3% Zeolite
T Fe-oxide
(Abundant micarb in SS 1-130)

TEXTURE (Average from SS)
10« Sand, 53% Silt, 37% Clay

Carbon-Carbonate (DSDP)
3-20 (10.1, 0.1, 84)

Carbon-Carbonate (OG)
2-130 (10.3, 0 . 1 , 85)
3-150 ( 1 0 . 1 , 0 . 1 , 83)

Grain Size (DSDP)
3-88 (1.9, 49.7, 48.4)

Site 363 Hole Core 16 Cored I n t e r v a l : 306.5-316.0 m

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

Erosional
contact

10YR 7/1

5Y 6/2

10YR 8/1

10YR 7/2

10YR 8/1

NANNOFOSSIL CHALK
Light gray (10YR 7/1), olive green
(5Y 6/2), very light gray (10YR 8/1),
and light brownish gray (10YR 7/2)
chalks. Laminations, erosional contacts.
Abundant burrows.

MINERALOGY (Average from SS)
8% Quartz
8% Clay
0% Carbonate unspecified
T Opaques
T Chlorite
6% Forams
73% Nannos

5% Zeol i te
T Fe-oxide

TEXTURE (Average from SS)
7% Sand, 46% S i l t , 47% Clay

Carbon-Carbonate (DSDP)
2-20 (6.7, 0.1, 55)

Grain Size (DSDP)
2-88 (1.4, 33.6, 65.0)

Explanatory notes in Chapter 1
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LITHOLOGY

VOID
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L
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107

75

138

CC

316.0-325.5 m

LITHOLOGIC DESCRIPTION

FORAM-NANNO CHALK
Light green gray (5Y 6/2) a t the t o p ,
then a l t e rna t i ng l i g h t gray (10YR 8/1)
and l i g h t brownish gray (10YR 7/1)
l o c a l l y moderately burrowed.

MINERALOGY (Averaqe from SS)
5Y 6/2 8% Quartz

6% Clay
0% Carbonate unspecif ied

10YR 8/1 T Fe-oxide
18% Forams

10YR 7/1 63% nannos
1% Zeo l i te

10YR 8/1
TEXTURE (Averaqe from SS)

10YR 7/1 18% Sand, 32% S i l t , 50% Clay

l n Y r ? „ , , Carbon-Carbonate (DSDP)

10YR 7/1 2 " 2 0 ( 9 4 > " • 1 ' 7 8 )

10YR 8/1 Grain Size (DSDP)
2-88 (6 .7 , 33.7 , 59.6)

Si te 363 Hole Core 18 Cored I n t e r v a l : 325.5-335.0 m

to
-J

LITHOLOGIC DESCRIPTION

NANNOFOSSIL CHALK
Very fine brownish gray (10YR 8/2 to
10YR 8/4) chalk, homogeneous, minor
laminations, slightly to intensely
burrowed. Winnowed chalks in Section 5

MINERALOGY (Ay
7% Quartz

37% Clay
16% Carbonate unspecified
T Opaques
T Chlorite
12% Forams
34% Nannos
T Zeoli te
T Fe-oxide

TEXTURE (Averaqe from SS)
18% Sand, 42% S i l t , 46% Clay

Carbon-Carbonate (OG
4-130 (10 .4 , 0 . 0 ,
4-150 10.7, 0 .0 ,

10YR 8/4

10YR 8/2

10YR 8/4

Grain Size (DSDP)
4-88 (2.5, 31.4, 66.2)

Laminations
and burrows

Explanatory notes in Chapter 1



Site 363 Hole Core 19 Cored Interval : 335.0-344.5 m Site 363 Hole Core 20 Cored Interval: 344.5-354.0 m

FOSSIL
CHARACTER

Core
Catche

LITHOLOGIC DESCRIPTION

Drilling
breccia

10YR 8/3

10YR 8/3

10YR 8/3

10YR 8/3
to
10YR 8/2

NANNOFOSSIL CHALK
Very fine, homogeneous, pale brown
(10YR 8/3 to 10YR 8/2) chalk, locally
mottled, burrowed, and laminated.

MINERALOGY (Average from SS)
6% Quartz
55% Clay
14% Carbonate unspecified
T Fe-oxide
7% Forams

27% Nannos
1% Zeolite
T Opaques

TEXTURE (Average from SS)
8% Sand, 39% Silt, 53% Clay

CarbonCarbonate (
4-20 (9.9, 0.0, 82

(

Carbon-Carbonate (DSDP)
( , , 82)

6-20 (9.9, 0.0, 82)

Grain Size (DSDP)
4-88 (2.5, 31.4, 66.2)
6-88 (3.9, 32.6, 63.5)

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

H

Microfaults N A N N O F Q S S I L C H A L K

Marly in burrows. Very fine, homogeneous,
pale brown (10YR 8/3) chalk, moderately
burrowed, with occasional laminations,
generally darker and richer in terrigenous
material.

10YR 8/3

1OYR 8/3

MINERALOGY (Average from SS)
5% Quartz

42% Clay
9% Carbonate unspecified
T Opaques
T Chlorite
10% Forams
34% Nannos
T Zeolite
T Fe-oxide

TEXTURE (Average from SS)
12% Sand, 39% S i l t , 49% Clay

Carbon-Carbonate (OG)
2-130 (8 .9 , 0 . 1 , 74)
2-150 (4 .9 , 0 . 1 , 41)

Explanatory notes in Chapter 1



Site 363 Core 21 Cored Interval: 363.5-373.0 m

FOSSIL
CHARACTER

ε sj

Core
Catcher

LITHOLOGIC DESCRIPTION

10YR 7/3

10YR 8/2

10YR 7/3

10YR 8/2

to
10YR 8/3

Zoophycos

NANNOFOSSIL CHALK
Marly in burrows and laminations.
Homogeneous, fine, very pale brown (10YR
8/2 or 10YR 8/3) chalk, sometimes slightly
darker brown (10YR 7/3) or light yellowish
brown (10YR 6/4). Locally strongly bur-
rowed but bearing many fine laminations.
Zoophycos burrows well developed. Some
flow structures.

MINERALOGY (Average from SS)

6.0% Quartz
33.0« Clay
20.0$ Carbonate unspecified

T Opaques
T Chlor i te

Rare Epidote
3.0% Forams

36.0% Nannos
1.5% Zeol i te

T Fe-oxide
Rare Tourmaline

l n V B , . , TEXTURE (Average from SS)
1 U Y K 7 / 3 6% Sand, 53% S i l t , 41% Clay

Flow structure

10YR 6/4 Carbon-Carbonate (DSDP)
4-7 ( 9 . 1 , 0 . 0 , 75)
5-36 ( 8 . 9 , 0.0, 74)

Grain Size (DSDP)
3-68 ( 1 . 1 , 36.7, 62.3)
4-16 (0 .5, 40.2, 59.3)
6-88 ( 2 . 4 , 38.3, 59.3)

10YR 7/3

Large
Zoophycos

10YR 7/3
to
10YR 6/3

10YR 6/3
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LITHOLOGIC DESCRIPTION

MARLY NANNOFOSSIL CHALK
Light brownish gray (10YR 6/2) marly
chalk. Zoophycos abundant. Minor pale
chalk layers.

MINERALOGY (Averaqe of SS)
12% Quartz

lnvp f i•> 3 n c l a y
/á 10% Carbonate unspecified

T Fe-oxide
T Chlor i te
0% Forams

45% Nannos
T Zeol i te
T Opaques

TEXTURE (Averaqe from SS)
3% Sand, 37% S i l t , 60% Clay

Grain Size (DSDP)
1-137 (0 .4 , 22.5, 77.0)

Site 363 Hole Core 23 Cored I n t e r v a l : 382.5-392.0 m

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

Greener
at very
top
10YR 5/2

10YR 5/1

MARLY NANNOFOSSIL CHALK
Gray (10YR 5/1) to grayish brown (10YR 5/2)
marly chalk, locally burrowed and lami-
nated. Zoophycos present. Occasional flow
structure in bedding.

MINERALOGY (Averaqe from SS)
6% Quartz

44% Clay
11% Carbonate unspecified
T Opaques
T Chlorite
0% Forams

36% Nannos
3% Zeol i te
T Fe-oxide

TEXTURE (Average from SS)
2% Sand, 49% S i l t , 49% Clay

Flow structure

Carbon-Carbonate (DSDP)
2-20 (4 .5 , 0 . 1 , 37)

Carbon-Carbonate (0G)
1-115 (4 .3 , 0 . 1 , 36)
1-135 (5 .4 , 0 . 1 , 45)

Grain Size (DSDP)
2-88 (0 .8 , 37.6, 61.7)

Explanatory notes in Chapter 1



to
-J Core 24 Cored Interval: 401.5-411.0 Site 363 Hole Core 26 Cored Interval:439.5-449.0 m

LITHOLOGIC DESCRIPTION

Drill
breccia

10YR 5/1

10YR 5/1

5GY 8/1
in spots

— 10YR 5/1

MARLY NANNOFOSSIL CHALK
Gray (10YR 5/1) marly chalk, locally
light brownish gray (5GY 8/1). Section
1 is soupy drilling breccia. Section 2
slightly burrowed and laminated.

MINERALOGY (Average from SS)
5% Quartz

42« Clay
20? Carbonate unspecified
T Opaques
0% Forams
28% Nannos
3* Zeolite

TEXTURE (Average from SS)
2% Sand, 46% Silt, 52% Clay

Carbon-Carbonate (DSDP)
2-28 (5.8, 0.1 , 48)

Grain Size (DSDP)
2-88 (0.5, 28.5, 71.0)

Cored Interval:420.5-430.0
FOSSIL

CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

5Y 4/2
2.5Y 5/2
10YR 5/1

Locally
5GY 8/1

Larger greenish
zone 5GY 2/1

10YR 5/1

MARLY NANNOFOSSIL CHALK
Dark olive (5Y 4/2), dark brownish gray
(2.5Y 5/2) light greenish gray (5GY 8/1)
and gray (10YR 5/1) marly chalks. Darker
shades slightly richer in terrigenous
material. Green shades do not correspond
to sediment structures. Core is fairly
well laminated and burrowed.

Laminations

MINERALOGY (Average from SS)
8.0% Quartz
45.0% Clay
23.0% Carbonate unspecified

T Opaques
T Chlorite

3.0% Forams
18.0% Nannos
1.5% Zeolite
T Fe-oxide

TEXTURE (Average from SS)
4% Sand, 47% Silt, 49% Clay

Carbon-Carbonate (DSDP)
2-20 (4.5, 0.1, 37)

Grain Size (DSDP)
2-94 (0.2, 32.0, 67.8)

LITHOLOGIC DESCRIPTION

Silty

Silty

5GY 6/1

MARLY NANNOFOSSIL CHALK, CALCAREOUS
MUDSTONE, CARBONACEOUS MUDSTONE~fBTack)
Pale gray (2.5Y 8/2), pale greenish gray
(5GY 6/1), gray (5Y 5/1, 5Y 5/2), marly
chalk. Grayish brown (10YR 5/2) and gray
(5Y 5/2) calcareous mudstone. Black
(5Y 2.5/2) carbonaceous mudstone. Alter-
nating smooth and turbulently deposited
sediments. Abundant laminations, silty
layers, soft-sediment deformation. Bur-

alternating rowing prominent in relatively homogeneous
with layers deposited under quiescent condi-
10YR 5/2 tions. Very frequent color changes. Carbon-

aceous layers probably sapropelic. Contain
abundant pyrite. Small pyritic patches
locally.

MINERALOGY (Average from SS)
Marly chalk
9% Quartz

5GY 6/1 38? Clay
al ternat ing 32% Unspecified carbonate
with 1% Forams
10YR 5/2 17% Nannos
5GY 6/1 5% Zeoli te
10YR 5/2

Calcareous and carbonaceous mudstones
1U Quartz
52% Clay
15% Unspecified carbonate
5% Carbonaceous
T Fe-oxide
T Chlorite
2% Forams
5% Nannos
5% Zeoli te
5% Pyrite
T. Magnetite

TEXTURE (Average from SS)
Marly chalks: 5% Sand, 41% S i l t , 54% Clay
Mudstones: 5% Sand, 44% S i l t , 51% Clay

Carbon-Carbonate (DSDP)
4-20 (8.0, 0 . 1 , 66)

Carbon-Carbonate (OG)
2-130 (3.4, 0 . 1 , 28)
2-150 (6 .5 , 0 . 1 , 53)

Grain Size (DSDP)
4-88 (1 .7 , 48.3, 50.0)

2.5Y 8/2

5Y 5/2

2.5Y 8/2

5Y 5/1

5Y 5/1

5Y 5/1

Explanatory notes in Chapter 1



Site 363 Hole Core 27 Cored Interval:458.5-468.0 m Site 363 Hole Core 28 Cored Interval: 477.5-487.0 m

LITHOLOGIC DESCRIPTION

Ti 10YR 6/1

10YR 5/3

5G 6/1

SiltJ
10YR 5/2

Pyrite

MARLY NANNOFOSSIL CHALK, CALCAREOUS
MUDSTONE
Gray (10YR 6/1), greenish gray (5G 6/1)
marly chalks. Grayish brown (10YR 5/2) and
olive gray (5Y 5/2) mudstones. Alternating
smooth and turbulently deposited sediments.
Abundant laminations, silty layers, soft
sediment deformation. Very frequent color
changes. Darker zones have more laminations
Dark on light and light on dark burrows in
more quietly deposited materials.

Alternating MINERALOGY (Average from SS)
10YR 5/2
and
5G 6/1

10YR 6/2

10YR 6/1

chalks
10% Quartz
28% Clay
36% Carbonate unspecified

T Chlorite
T Fe-oxide
2% Forams
9% Nannos

2% Zeolites
T Opaques
T Pyrite
Rare Garnet
Rare Zircon

Calcareousmudstones contain up to 50% Clay
5% Zeolites, and TX Magnetite and Fe-Oxide.

TEXTURE (Average from SS)
Marly chalks: 18% Sand, 48% Silt, 34% Clay

Mudstones: 5% Sand, 40% Silt, 55% Clay

Carbon-Carbonate (DSDP)
1-2 (8.4, 0.1, 69)

Grain Size (DSDP)
1-88 (1.4, 46.1, 52.5)

-J

LITHOLOGIC DESCRIPTION

MARLY LIMESTONE, CALCAREOUS MUDSTONE
Alternation of light greenish gray

5G 6/1 (5G 6/1) and brownish gray (10YR 5/2)
marly limestones with very light gray

10YR 5/3 (5Y 7/1 to 5Y 8/1) marly limestones
and darker olive gray (5Y 5/2) calcareous
mudstones. Abundantly laminated and

5G 6/1 burrowed. Greenish zones do not correspond
Alternating to sediment structures, but laminated areas
with tend to be darker browns. Some soft sedi-
10YR 5/2 ment deformation and erosional contacts.

MINERALOGY (Average from SS)
Marly limestones
10% Quartz
26% Clays

40% Carbonate unspecified
3% Zeolite
T Fe-oxide
T Pyri te
1% Forams

15% Nannos
T Dolomite
T Opaques
T Chlorite
Rare Tourmaline
Rare Garnet

10YR 6/2

5Y 7/1 to
5Y 8/1
5Y 5/2

TEXTURE (Average from SS)
16% Sand, 49% S i l t , 35% Clay

Carbon-Carbonate (DSDP)
4-115 ( 9 . 8 , 0.1 , 81)
6-61 ( 8 . 1 , 0 . 2 , 66)

Carbon-Carbonate (OG)
5-130 ( 9 . 2 , 0.1 , 76)
5-150 ( 9 . 0 , 0 . 1 , 74)

Grain Size (DSDP)
4-101 ( 0 . 7 , 38.0. 61.3)

10YR 6/1 6-55 ( 0 . 2 , 31.2, 68.5)
10YR 6/1

10YR 6/1

5Y 7/1

10YR 5/1

0 G

5Y 7/1

CΛ

H
W

Explanatory notes in Chapter 1
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Site 363 Hole Core 29 Cored I n t e r v a l : 496.5-506.0 m Cored I n t e r v a l : 515.5-525.0 m

FOSSIL
CHARACTER

Core
Catche

LITHOLOGIC DESCRIPTION

10YR 6/2
5Y 7/1 MARLY LIMESTONE

Light gray (5Y 7/1 and 5YR 6/1), marly
limestones with darker gray (5Y 6/2) and
light brownish gray (10YR 6/2) zones as
well as olive gray (5Y 5/2) or brownish
gray (5B 5/1) muddy laminated zones. The
core is cyclically bedded with erosional
and winnowing features, burrowing and bio-

á "'%• turbation. Burrows generally darker.
aminations L a m i n a e a r e o f t e n s11ty. S o m e load-cast

structures.

5Y 7/1

5Y 5/2

5Y 6/2

5Y 7/1
With
5Y 6/2

MINERALOGY (Average from SS)
9% Quartz
23% Clay

Lunations «^arbonaterunspecified

5Y 7/1

10YR 6/2

sphe
T Pyrite
T Opaques
2% Forams
10% Nannos

1% Dolomite
4% Zeol i te
T Fe-oxide
T Chlor i te

Rare Zircon

TEXTURE (Average from SS)
23% Sand, 59% S i l t , 18% Clay

Carbon-Carbonate (DSDP)
3-64 (10 .1 , 0 . 1 , 84)
4-135 ( 7 . 0 , 0 . 1 , 57)
6-78 (8 .8 , 0 . 1 , 73)

Grain Size (DSDP)
4-129 (3 .0 , 58.2, 38.8)
6-64 (2 .3 , 6 0 . 1 , 37.6)

5YR 6/1

5B 5/1

5YR 6/1

5Y 7/1

10YR 6/2

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

5Y 7/1
mottled

5Y 7/1

Silty

5Y 7/1

Rotated
5Y 6/2
fragments
Erosion
contact

5Y 7/1

Mottles
10YR 6/2

MARLY LIMESTONE
Light gray (5Y 7/1), light brownish gray
(1OYR 6/2), gray (1OYR 5/1) and light
gray (1OYR 6/2) marly limestones. The
core is cyclically bedded with lighter-
colored homogeneous limestones alternating
with darker, laminated limestones. It is
locally intensively burrowed, has a number
of erosional contacts and winnowed zones.
Some soft sediment, deformation. Some
laminations are silty. Compaction
fractures.

MINERALOGY (Average from SS)
10% Quartz
25% Clays
38% Carbonate unspecified
5% Calcisphers.
T Pyr i te
T Chlor i te
1% Forams

12% Nannos
3% Dolomite
3% Zeol i te
T Opaques
T Fe-oxide

Rare Zircon

TEXTURE (Average from SS)
10% Sand, 50% S i l t , 40% Clay

Carbon-Carbonate (DSDP)
3-134 (7 .5 , 0 . 1 , 73)
4-66 ( 8 . 1 , 0 . 1 , 67)
6-21 ( 6 . 1 , 0 . 1 , 48)

Carbon-Carbonate (OG)
5-130 (8 .6 , 0 . 1 , 70)
5-150 (9 .8 , 0 . 1 , 81)

Grain Size (DSDP)
4-82 (4 .6 , 52.5, 42.8)

10YR 6/2
burrow,
mottles
Eros. cont.
0 G
5Y 7/1

10YR 7/1

Mottles
10YR 7/1

10YR 5/1

Explanatory notes in Chapter 1



Core 31 Cored Interval: 534.5-544.0 m Site 363 Hole Core 32 Cored I n t e r v a l : 553.5-563.0 m

LITHOLOGIC DESCRIPTION

lOYR 6/1
to lOYR 5/1

Laminations
and mottles

20 Ammonite-,

MARLY LIMESTONE
Light gray (lOYR 7/1) and gray (lOYR 6/1
to lOYR 5/1) marly limestones. The core is
cyclically bedded with lighter-colored
homogeneous limestones alternating with
darker, laminated marly limestones. It is
locally intensively burrowed, has a number
of erosional contacts and winnowed zones.
Some soft sediment deformation, silty
laminations, and compaction fractures.

lOYR 5/1

— lOYR 6/1

lOYR 5/1

lOYR 6/1
Contact

lOYR 7/1

lOYR 7/1
to lOYR 6/1

70 Ammonite removed

Rotated pieces

MINERALOGY (Average from SS)
9% Quartz

19% Clay
55% Carbonate unspecified

8% Calcisphers
T Chlor i te
0% Forams
9% Nannos
2% Dolomite
2% Zeol i te
T Chlor i te
T Opaques

Rare Zircon
Rare Garnet

TEXTURE (Average from SS)
16% Sand, 54% S i l t , 30% C

Carbon-Carbonate (DSDP)
2-127 ( 8 . 0 , 0 . 1 , 66)
6-67 ( 7 . L , 0.2, 57)

Grain Size (DSDP)
6-69 ( 1 . 3 , 48.2, 50.5)
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20
5Y 7/1

10YR 5/1
Heavily
mottled

5Y 7/1

S i l t y
10YR 8/1

Row 5 / 1

10YR 8/1

5Y 7/1
Erosion

10YR 8/1
10YR 5/1

10YR 8/1

10YR 5/1

10YR 8/1
10YR 5/1

10YR 8/1

10YR 5/1
10YR 8/1

10YR 5/1

lOYR 8/1
Faults
0 G

LITHOLOGIC DESCRIPTION

MARLY LIMESTONE AND LIMESTONE
White (10YR 8/1) and gray (5Y 7/1)
limestone with gray (10YR 5/1) or gray
(10YR 6/1) marly limestone i n t e r l a y e r s .
Cycl ica l ly bedded with a l ternat ing
impulses of terrigenous m a t e r i a l , various

and massively bedded, bioturbated lime-
stones.

MINERALOGY (Averaqe from limestone SS)
6.0% Quartz

12.0% Clay
48.0% Carbonate unspecified
18.0% Calcisphers.

T Pyrite
T Opaques
0% Forams

16.0% Nannos
9.0% Dolomite
1.5% Zeol i te

T Chlor i te

(Averaqe of marly limestone SS)
10% Quartz
25% Clay
30% Carbonate unspecified
10% Calcisphers.

T Chlor i te
2% Forams

15% Nannos

TEXTURE (Averaqe of marly limestone SS)
22% Sand, 44% S i l t , 34% Clay

(Averaqe of limestone SS)
32% Sand, 45% S i l t , 23% Clay

Carbon-Carbonate (DSDP)
4-72 ( 9 . 7 , 0 . 1 , 80)

Carbon-Carbonate (0G)
5-130 (9.7, 0 . 1 , 80)

• , •

Grain Size (DSDP)
4-72 ( 4 . 2 , 66.3, 29.4)

Explanatory notes in Chapter 1
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Site 363 Hole Core 33 Cored Interval: 572.5-582.0 Cored Interval: 591.5-601.0 m

LITHOLOGIC DESCRIPTION

= | 10YR 6/1

10YR 5/1

10YR 5/1

^ I 10YR 5/1

CT | 10YR 6/1

S I 10YR 5/1

~ | 10YR 5/1

10YR 5/1

10YR 7/1

10YR 5/1

10YR 5/1

10YR 6/1

10YR 5/1

MARLY LIMESTONE AND LIMESTONE
Light gray (10YR 7/1) limestones
alternating with gray (10YR 6/1) and
darker gray (10YR 5/1) marly limestones.
Cyclically bedded and well laminated,
especially in darker zones. Erosional
contacts, winnowed zones, pyritic patches,
silty zones. Locally burrowed.

MINERALOGY (Average from SS)
11% Quartz
16% Clay
51% Carbonate unspecified
12% Calcisphers.
2% Pyrite
T Fe-oxide
1% Forams
12% Nannos
3% Dolomite
Z% Zeolite
T Chlorite
T Opaques
Rare Garnet

Limestone is just barely below 30% Clay
plus Quartz and marly is just barely above,
so they have been averaged together.

TEXTURE (Average from SS)
40% Sand, 40% Silt, 20% Clay

Carbon-Carbonate (DSDP)
4-87 (9.9, 0.1, 76)
6-103 (9.6, 0.1, 79)

10YR 6/1

Flow structure

LITHOLOGIC DESCRIPTION

10YR 5/1

10YR 5/1

Fault

10YR 7/1

Fault, to

6/1

10YR 5/1

10YR 5/1

10YR 7/1
to 6/1

10YR 5/1

0 G

10YR 6/2

LIMESTONE AND MARLY LIMESTONE WITH MINOR
SILTY MARLY LIMESTONE
Light gray (10YR 7/1) limestone with minor
gray (10YR 6/1 and 10YR 5/1) marly lime-
stone, some layers rather silty. Limestone
occassionally white (10YR 8/1). Cyclically
bedded with pulses of darker terrigenous
material diluted by carbonate. Laminated
virtually throughout. Cementation has
blurred and dimmed burrows. Some soft
sediment deformation and minor faulting.

MINERALOGY (Average from SS)
12% Quartz
20* Clay
55% Carbonate unspecified
T Zeol i te
T Opaques
0% Forams

13% Nannos
T Pyri te
T Fe-oxide
T Chlor i te

Rare Zircon
Rare Garnet

TEXTURE (Average from SS)
14% Sand, 55% S i l t , 31% C

Carbon-Carbonate (DSDP)
2-14 (9 .6 , 0 . 1 , 79)

Carbon-Carbonate (OG)
2-130 (4.1 , 0 . 1 , 33)
2-150 (5 .0 , 0 . 1 , 41)

lay

*BASEL ALBIAN TO UPPER APTIAN (forams) **Prediscosphaera cretacea
MIDDLE TO LOWER ALBIAN (nannos)

Explanatory notes in Chapter 1



Site 363 Hole Core 35 Cored Interval: 610.5-620.0 m Site 363 Hole Core 37 Cored Interval: 648.5-658.0 m

LITHOLOGIC DESCRIPTION

10YR 5/1

10YR 7/1
Erosion

10YR 5/1
Flowage

10YR 7/1

10YR 5/1

10YR 7/1

10YR 5/1

10YR 7/1

LIMESTONE AND MARLY LIMESTONE
Light gray (10YR 7/1) limestone inter-
calated with gray (10YR 5/1) marly lime-
stone. Cyclically bedded with pulses of
darker terrigenous material diluted by
carbonate. Laminated virtually throughout.
Cementation has blurred and dimmed burrows.
Some soft sediment deformation and minor
faulting.

MINERALOGY (Averaqe from SS)
11% Quartz
17% Clay
50% Carbonate unspecified
T Pyrite
T Opaques
0% Forams
14% Nannos
8% Dolomite
T Zeolite
Rare Tourmaline

Pyrite 10% in 35 CC.

TEXTURE (Averaqe from SS)
21% Sand, 56% Silt, 23% Clay

Carbon-Carbonate (DSDP)
1-52 (9.2, 0.2, 74)

Site 363 Hole Core 36 Cored Interval: 629.5-639.0 m

LITHOLOGIC DESCRIPTION

10YR 5/1

10YR 7/1

10YR 5/1

10YR 5/1

10YR 7/1

10YR 5/1

0 G
10YR 7/1

LIMESTONE, MINOR MARLY LIMESTONE
Gray (10YR 7/1) limestone and minor
darker gray (10YR 5/1) marly limestone.
Well laminated throughout. Soft sediment
slumping, cross bedding, silty layers
locally. Some silty layers pyritic. Minor
pyritic patches. Well indurated. Marly
layers thin but still there are pulses of
terrigenous material that locally darken
the limestones slightly. Not much bur-
rowi ng.

MINERALOGY (Averaqe from SS)
9% Quartz
16% Clay
11% Dolomite
50% Carbonate unspecified
T Forams
5% Nannos
1% Calcisphers.
T Fe-oxide

Rare Garnet
Rare Zircon

TEXTURE (Averaqe from SS)
12% Sand, 53% S i l t , 35% Clay

Carbon-Carbonate (DSDP)
1-84 (7 .9 , 0 . 1 , 65)

Carbon-Carbonate (OG)
2-138
2-150

(9.7, 0.1, 80)
(4.2, 0.1, 34)

LITHOLOGIC DESCRIPTION

10YR 5/1

10YR 7/1-
6/1

Flowage

LIMESTONE WITH MINOR MARLY LIMESTONE
Light gray (10YR 7/1) or gray (10YR 6/1)
limestone with minor layers of gray
(10YR 5/1) marly limestone. Well laminated
throughout. Very regular cyclic pulses of
terrigenous material responsible for color
variations. This core intensively burrowed
in several sections. Some silty layers,
including pyritic silts. Soft-sediment
slumping and compaction faulting. Very
well indurated.

MINERALOGY (Average from SS)
9% Quartz
12% Clay
49% Carbonate unspecified
8% Calcisphers.
T Chlori te
3% Forams
6% Nannos
10% Dolomite
T Zeolite
T Fe-oxide

Rare Zircon
Rare Amphibole?
Rare Garnet

TEXTURE (Averaqe from SS)
18% Sand, 58% S i l t , 24% Clay

Carbon-Carbonate (DSDP)
10YR /51 4-59 (7.8, 0 . 1 , 64)

6-79 ( 7 . 1 , 0.3, 57)

Grain Size (DSDP)
4-61 (6 .3 , 58.6, 35.1)

10YR 7 /1 - 6-81 (1 .5 , 51.0, 47.5)
6/1

-=_ 10YR 5/1

10YR 7/1-
6/1

= 10YR 5/1

Explanatory notes in Chapter 1
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Site 363 Hole Core 38 Cored Interval: 667.5-677.0 m Core 40 Cored Interval: 705.5-715.0

LITHOLOGIC DESCRIPTION

LIMESTONE
Light gray (10YR 7/1) limestone with very
minor gray (10YR 5/1) slightly marly zones.
Well laminated throughout. Irregular sandy
patches still predominantly carbonate.
Pyritic patches. Very well indurated.
Compaction faulting. Many dips shown in
sediment structures probably induced by
drilling.

MINERALOGY (Average from SS)
12% Quartz
12% Clay
55% Carbonate unspecified
1% Forams
2% Nannos
10% Dolomite
Rare Amphibole
Rare Garnet
Rare Zircon
Rare Chlorite

Smear slide CC has 20% Pyrite.

TEXTURE (Average from SS)
27% Sand, 53% Silt, 20% Clay

Carbon-Carbonate (DSDP)
1-92 (9.4, 0.1, 78)

Site 363 Hole Cored Interval: 686.5-696.0 m

LITHOLOGIC DESCRIPTION

LIMESTONE
Yellowish gray (10YR 7/1) limestone.
Well laminated throughout. Minor cross
beds. Pyritic silty layers. Very well
indurated. Lower part of Section 3 has
calcarenite lenses (beginning of Unit III)

MINERALOGY (Average from SS)
10% Quartz
10% Clay
60% Carbonate unspecified
T Chlorite
0% Forams
0% Nannos
5% Dolomite
T Zeolite
Rare Zircon
Rare Tourmaline

SS 1-148 and 3-120 are in p y r i t i c layers.

TEXTURE (Average from SS)
18% Sand, 41% S i l t , 41% Clay

Carbon-Carbonate (DSDP)
2-94 (9.7, 0.1, 80)

Carbon-Carbonate (OG)

Sandy layer l ^ &Xijú)

FOSSIL
CHARACTER

Explanatory notes in Chapter 1

LITHOLOGIC DESCRIPTION

LIMESTONE WITH CALCARENITE LAYERS
Yellowish gray (10YR 7/1) limestone.
No core catcher. Core consists of 9
numbered pieces of limestone, out of
sequence, each considerably less than
the core liner diameter. Several
pieces contain calcarenite patches
of layers. Thin sections reveal

SS 115 abundant foraminifera with chambers
6 Thin sections filled with chalcedony. Pieces give
„ ,., off phosphatic odor when cut with saw

and have collophane in thin section.
Calcarenites consist partly of forams,
part ly of spherical limestone sand
grains rounded in high energy en-
vironment (wave base?). Traces of
calcareous algae are present.

MINERALOGY

8% Quartz
10% Clay
70% Carbonate unspecified
0% Forams
0% Nannos
1% Pyrite
Rare Garnet

Abundant forams observed in thin
section disintegrate upon making
smear slides.

TEXTURE
25% Sand, 60% S i l t , 15% Clay

Thin section descriptions w i l l be
included in the I n i t i a l Report fo r
Leg 40.
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