4. ANGOLA CONTINENTAL MARGIN—SITES 364 AND 365

The Shipboard Scientific Party'

SITE DATA—364

Position: 11°34.32'S, 11°58.30'E (seaward edge of salt plateau on
continental slope, southwest of Luanda, Angola)

Water Depth: 2448 corrected meters, echo sounding, 2439 met-
ers, drill pipe measurement

Number of Holes: 1

Number of Cores: 46

Total Length of Cored Section: 427.5 meters
Total Core Recovered: 295.61 meters
Percentage Core Recovery: 69.1%

Oldest Sediment Cored:
Depth sub-bottom: 1086 meters
Nature: euxinic shale and dolomitic limestone
Age: upper Aptian
Measured velocity: 3.90 km/sec
Basement:
Depth sub-bottom: > 3 km (not reached)
Nature: presumed basaltic, underlying evaporite sequence

Principal Results: A sequence from the Pleistocene down into the
upper Aptian was penetrated containing a major erosional dis-
conformity corresponding to most of the Oligocene and the
upper Eocene. The drilling terminated with a worn-out bit in
dolomitic limestones with very high interstitial salinities just
above the Aptian evaporite and salt formations. The Paleogene
and Upper Cretaceous series is for the most part pelagic in
nature, and contains tropical to sub-tropical faunas deposited in
generally tranquil deep-water environments. The Lower
Cretaceous faunas include ammonites and /noceramus and
characteristically indicate non-tropical environments and an
initial immigration of marine life into the Angola Basin from the
south following the termination of the Aptian salinity crisis.
There is no evidence of shallow littoral or intertidal
sedimentation, even for the deposits directly overlying the
evaporites.

Sapropels and sapropelic limestones occur in the upper
Coniacian to Cenomanian interval and in the lower Albian and
upper Aptian. Albian marly chalks and limestones contain
pressure-solution stylolites, steeply dipping bedding contacts,
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overturned folds, and interformational breccias probably linked
to salt diapirism.

Sedimentation rates range from approximately 40 m/m.y.
for the Lower Cretaceous to 18 m/m.y. for the Upper Cretace-
ous with a significant reduction during the Cenomanian and
Turonian. Gaps of 8 million years last across the Cretaceous/
Tertiary boundary and of 16 million years between the upper
Oligocene and the middle Eocene. The Neogene sequence is
markedly terrigenous and siliceous. It corresponds to a major
phase of deltaic out-building and fore-slope progradation rec-
ognizable in seismic reflection profiles and reflects climatic
changes after the late Eocene. Compressional wave velocities
reach 5 km/sec in basal dolomitic limestone.

SITE DATA—365

Position: 11°39.10'S, 11°53.72'E (eastern side of a partly buried
submarine canyon incised into the Cenozoic and Mesozoic
cover above the salt and evaporite layer just to the southwest of
Site 364 on the continental slope of Angola

Water Depth: 3018 corrected meters, echo-sounding, 3040 met-
ers, drill pipe measurement.

Water Depth (rig floor): 3028 corrected meters, echo sounding
Bottom Felt at: 3050 meters, drill pipe

Penetration: 687 meters

Number of Holes: 1

Number of Cores: 7

Total Length of Cored Section: 63 meters

Total Core Recovered: 34.65 meters

Percentage Core Recovery: 55.0%

Oldest Sediment Cored:
Depth sub-bottom: 687 meters
Nature: radiolarian-bearing clay and mudstone
Age: Oligocene-Miocene
Measured velocity: 2.14 km/sec

Basement:
Depth sub-bottom: > 3 km, not reached

Principal Results: Site 365 was drilled rapidly with very intermit-
tent coring in an unsuccessful desperate attempt to reach the
Aptian evaporite and salt formation before time ran out at the
end of the leg. Interstitial salinities in the last sediment core at
687 meters sub-bottom exceeded those at the base of Site 364,
indicating that the salt was not far below.

The canyon fill consists primarily of Neogene-age terrigenous
muds and mudstones containing primitive arenaceous benthic
foraminifers, fish teeth, and palynomorphs, along with
allochthonous blocks of Coniacian-Santonian nannofossil ooze
and Cenomanian to upper Albian sapropelic mudstone reworked
from the canyon wall. The Mesozoic strata indicated their
displaced nature by extremely steep bedding inclinations
ranging up to 70° from the horizontal and by mixed assemblages
spanning a broad stratigraphic interval. The depositional
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environment was continuously deep, well oxygenated,
and, during the interval of the Miocene and Oligocene
recorded in the cores, below the calcium compensation
depth.

BACKGROUND AND OBJECTIVES

The Angola Basin is the deepest depression of the eastern
South Atlantic (Figure 1). To the south, it is isolated almost
entirely from the Cape Basin by the high-standing Walvis
Ridge, and to the west, it is barred from the Brazil and
Argentine basins by the broad crestal zone of the Mid-
Atlantic Ridge.

Because of this high degree of isolation, its oceanic bot-
tom water mass is significantly warmer and hence less cor-
rosive to carbonate skeletal sedimentary components than
that of all the other Atlantic Ocean basins. In fact, there are
only four real routes for deep-water masses to enter into the
Angola Basin.

The Antarctic Bottom-Water (AABW) arrives from the
north by the deepest of these passages. Its course takes it
from the Scotia Sea via the Argentine Basin through the
Vema Channel to the Brazil Basin, then by means of a
narrow route through the Romanche Fracture Zone to the
Guinea Basin, and at last across a 4.8-km-deep sill south-
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Figure 1. Bathymetric map of the continental margin of

southern Africa off Angola (Emery et al, 1975).
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ward along the western margin of Africa where it circulates
as a weak, clockwise gyre within the central Angola Basin
depression.

Deep and intermediate water masses can only flow into
the Angola Basin from the Cape Basin through three portals
in Walvis Ridge. The lowest standing sill to the south is
approximately 3.8 km at a position east of Tristan da Cunha
and lies across a late Paleocene basement isochrone. The
next shallowest sill, at approximately 3.7 km, is over a
Santonian to Campanian age isochrone at 30°S, 1°E. The
shallowest sill is at 3.2 km through a heavily scoured pas-
sage between Frio Ridge and Valdivia Bank above a late
Aptian to Albian isochrone.

The isolated setting of the Angola Basin was inherited
from its very birth. Indeed, its first 20 million years were so
restricted as to permit the formation of a huge layer of
evaporites exceeding in places 3 km in thickness. This
evaporite body is found today along the eastern rim of the
ocean basin landward of a mid-Aptian isochrone identified
at Sites 361 and 363 of Leg 40 as nearly coincident with
magnetic lineation M-O of Larson and Ladd (1974).

The equatorial position of the Angola Basin and the de-
flection away from the Angola Basin of the cold, northerly
directed Benguela current in the Cape Basin at the eastern
intersection of the Walvis Ridge and the South West African
continental margin, should result in highly calcareous
pelagic deposition on topographic highs in the Angola Ba-
sin. These should be stratigraphically correlatable to
worldwide sequences through well-studied lineages of trop-
ical and semi-tropical faunas. The interplay of deep geos-
tropic currents headed southward along the continental rise,
and surface- to intermediate-depth currents passing north-
ward, both intersecting important volumes of clastic sedi-
ments arriving from the mouth of the Congo River, should
also result in a highly cyclic and perhaps climatically con-
trolled terrigenous sedimentation in topographic lows. The
influence of deep-water masses on the degree of preserva-
tion of biogenic skeletal components should also have
changed through time as the basin became progressively
less isolated with the subsidence of and intermittent creation
of gaps across the Walvis Ridge barrier, and as the Antarctic
Bottom Water became volumetrically more important with
the development of a polar icecap in the Cenozoic.

Scientific Objectives

A drill site location was selected along the eastern margin
of the Angola Basin (Figure 1). Cored sequences of sedi-
ment to depths of 1000-1400 meters below the sea floor
were expected to provide insight to the following investiga-
tions:

1) age of the upper limit of the marginal evaporite deposi-
tion;

2) depositional facies of the evaporites and associated salt
deposits leading to an understanding of the processes by
which they accumulated;

3) basin depth during and immediately after evaporite
deposition;

4) quantitative information on subsidence rates of the
continental margin during its earliest evolution;

5) age and nature of crust over which the seaward edge of
the evaporite body is draped;
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6) age of the commencement of haleokinetic deformation
resulting from flowage of the salt layer;

7) nature of the *‘transgressive’’ marine facies directly
overlying the evaporite strata;

8) control on degree of carbonate preservation provided
by inflowing bottom waters since the Lower Cretaceous
(Aptian stage);

9) age and cause of a mid-Cenozoic major stratigraphic
discontinuity seen in the vast majority of seismic reflection
profiles across the West African continental margin;

10) correlation of high-latitude Austral-New Zealand
faunal assemblages with their tropical to sub-tropical coun-
terparts;

11) sediment contribution to the deep basin through time
by the Congo River deltaic complex;

12) identification of age and nature of prominent seismic
horizons including the Davy and Atlantis Il reflectors of
Emery et al. (1975).

Strategy

Because deep penetration was required to achieve the
selected scientific objective of reaching into the marginal
salt deposit, the first drill site (364) was targeted southward
of the major fracture zone which intersects the coast bet-
ween Luanda and Lobita, where the overburden above the
roof of the evaporites is the thinnest of the entire West
Africa margin and yet is still comformable.

A second requirement was to position the drilling location
into the salt body in a synclinal setting with the seaward
limb of the syncline cropping out on the marginal escarp-
ment so as to minimize totally the possibility of hydrocar-
bon entrapment either within the evaporites or within the
overlying horizons.

The Site 364 setting at 0340 hours, 12 July 1971, on
Walda Profile 21 of the Jean Charcot met both of these
requirements (Figure 2). Identified on the profile are five
prominent reflecting interfaces:

1) the Mid-Cenozoic discontinuity (Reflector Davy);

SITE

SITE
365

Figure 2. Walda Profile 21 of the Jean Charcot show-
ing locations of both Sites 364 and 365.
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2) an intermediate conformable horizon much more
deeply buried in the basin than on the salt plateau (Reflector
Atlantis IT);

3) the roof of the evaporite body;

4) the base of the salt layer;

5) a non-coherent and topographically irregular acoustic
basement thought to be Layer ““2"" of the oceanic crust.

When it became evident that drilling at Site 364 would
not penetrate into the evaporite and salt layer due to destruc-
tion of the drill bit, an alternate location was picked (Site
365) to short-cut much of the stratigraphic sequence already
successfully cored. This hole is within a canyon that had
been excavated into the salt body and subsequently partly
filled. Its position at 0145, 12 July 1971 on the same Walda
Profile 21 offered the opportunity to enter the salt layer at a
sub-crop below the level of the relatively thick Albian and
Aptian limestones which had been responsible for the severe
degradation of the core bit journal bearings at Site 364. At
Site 365, though, it was necessary only to pass through
considerably younger and hence less indurated canyon fill to
reach the salt.

OPERATIONS

Approach to Site 364

We approached Site 364 from the southwest during the
early morning of 30 January 1975 on a heading of 022° to
try and intersect the Walda 21 profile at the desired target.
At 0423 we slowed the Glomar Challenger to 5 knots and at
0442 jettisoned the acoustic positioning beacon and re-
trieved the towed seismic and magnetic gear, Satellite fixes
while on station showed that we had slightly overshot the
original target on the Charcot profile to the north, but the
underway reflection profile indicated us to be in a synclinal
setting optimum from the hydrocarbon safety point of view.
Information on the Site 364 cores is given in Table 1.

Drilling at Site 364

The hole was spudded in at 1550, using a 4-cone journal
bearing core bit with medium-length tungsten carbide in-
serts selected for efficiency in limestones, dolomites, and
evaporites. We experienced some delays associated with the
need to drop a second beacon, with difficulties in getting
electrical power to the Bowen power sub, and with a mal-
functioning valve in the hydraulic system for the sandline
winch. Anomalously high torquing occurred in the cutting
of Cores 1 through 6, accompanied by appreciable backflow
of drilling fluid when the pipe joints were opened to retrieve
the core barrel. This torquing and backflowing ended ab-
ruptly during the cutting of Core 7 at the level of a major
erosional gap and mostly likely correlated with the very
sticky nature of the Neogene terrigenous mud and pelagic
clay which tore into chunks rather than washed into a slurry.
Penetration rates slowed appreciably upon entering the
Eocene section.

We experienced a second formation change at approxi-
mately 363 meters sub-bottom near the end of the cutting of
Core 11, correlative with another significant decrease in the
penetration rate. This break may coincide with a hiatus ac-
ross the Cretaceous/Tertiary boundary.
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TABLE 1
Coring Summary, Site 364
Depth From Depth Below  Length Length
Drill Floor Sea Floor Cored Recovered  Recovered

Core Date  Time (m) (m) (m) (m) (%)
1 30Jan. 1730 2456.6-2466 7.5-17 9.5 9.5 100
2 30Jan. 1830 2485-2494.5 36-45.5 9.5 4.35 96
3  30Jan. 2130 2513.5-2523 64.5-74 9.5 8.9 94
4  31Jan. 0020 2551.5-2561.0 102.5-112.0 9.5 9.5 100
5  31Jan. 0235 2599-2608.5 150-159.5 9.5 4.9 552
6 31Jan. 0415 2646.5-2656.0 197.5-207 9.5 5.1 54
7 3lJan. 0640 2694.0-2703.5 245.0-254.5 9.5 1.7 18
8  31Jan. 0905 2732-2741.5 283.0-292.5 9.5 9.4 99
9 31Jan. 1125 2770-2779.5 321-330.5 9.5 5.95 63
10 31Jan. 1350 2798.5-2808.0  349.5-359 9.5 8.75 92
11 31Jan. 1540 2808.0-2817.5 359-368.5 9.5 9.5 100
12 31Jan. 1800 2817.5-2827.0 368.5-378 9,5 9.4 99
13 31Jan. 2000 2846.0-2855.0 397-4065 9.5 2.75 29
14 31Jan. 2250 2874.5-2884.0  425.5-435 9.5 8.2 86
15 1 Feb. 0135 29125.2922 463.5-479 9.5 7.3 77
16 1 Feb. 0430 2950.5-2960 501.5-511 9.5 8.4 88
17 1 Feb. 0910 2978-2988.5 530-539.5 9.5 9.5 100
18 1 Feb. 0910 2998-3007.5 549-558.5 9.5 4.0 42
19 1 Feb. 1140 3017-3026.5 568-577.5 9.5 6.15 65
20 1 Feb. 1340 3026.5-3036 577.5-587 9.5 6.75 71
21 1 Feb. 1650 3045.5-3050 596.5-601 4.5 9.3 98
22 1 Feb. 2035 3064.5-3074 615.5-625 9.5 4.85 51
23 2 Feb. 0015 3093-3102.5 644-653.5 9.5 5.6 59
24 2Feb. 0525 3121.5-3131 672.5-682 9.5 3.15 33
25 2 Feb. 0950 3150-3159.5 701-710.5 9.5 9.5 100
26 2Teb. 1540 3159.5-3169 710.5-720 9.5 9.5 100
27 2 Feb. 2050 3169-3178.5 720-729.5 9.5 6.05 64
28 3Feb. 0105 3197.5-3207 748.5-758 9.5 5.7 60
29 3Feb. 0415 3216.5-3226 767.5-777 9.5 5.6 59
30 3Feb. 0755 3235.5-3245 786.5-796 9.5 4.6 48
31 3Feb. 1145 3254.5-3264 805.5-815 9.5 6.05 64
32 3Feb. 1530 3273.5-3283 824.5-834 9.5 6.25 66
33 3Feb. 1930 3292.5-3302 843.5-853 9,5 7.1 75
34 3 Feb. 2345 3321-3330.5 872-881.5 9.5 5.35 56
35 4 Feb. 0500 3340-3349.5 891-900.5 9.5 5.1 54
36 4 Feb. 0950 3359-3368.5 910-919.5 9.5 3.65 38
37 4 Feb. 1445 3378-3387.5 929-938.5 9.5 7.7 81
38 4 Feb. 1950 3397-3406.5 849-957.5 9.5 9.4 99
39 4 Feb. 2335 3416-3425.5 967-976.5 9.5 8.1 85
40 5 Feb. 0315 3435-3414.5 986-995.5 9.5 6.45 68
41 5 Feb. 0750 3454-3463.5 1005-1014.5 9.5 4.8 51
42 5 Feb. 1335 3473-3482.5 1024-1033.5 9.5 8.5 89
43 5 Feb. 1630 3482.5-3492 1033.5-1043 9.5 4,0 42
44 5 Feb. 2005 3492-3501.5 1043-1052.5 9.5 4.8 51
45 6 Feb. 0015 3511-3520.5 1062-1071.5 9.5 4.0 42
46 6 Feb, 1081-1086 5.0 0.5 10

Very slight bit bounce occurred while penetrating bet-
ween Cores 21 and 22, suggestive of some indurated strin-
gers or perhaps pyrite concretions. We encountered a par-
ticularly hard stringer at 649 meters sub-bottom while cut-
ting Core 23.

Penetration rates increased near the end of cutting Core
24 and remained steady down through Core 25.

Indurated levels also occurred at 736 meters, 758 meters,
and 794 meters sub-bottom. From Core 28 downward the
overall degree of induration appears to have increased judg-
ing from the bit weight indicator.

The first sign of bit wear occurred while cutting Core 43,
diagnosed by excessive torque. The torque increased errati-
cally and caused great difficulty in cutting Core 46, which
could only be penetrated 5 meters. At this point, further
progress was deemed hopeless, and we abandoned the hole.

Upon pulling the drill string during the morning of 6
February, after a week on site and more than 89 hours of
rotation time, we found all four cones of the core-bit to have
been sheared off; its throat was practically closed from
grinding of the drill stem in the basal dolomitic limestones.

Approach to Site 365

Since we did not reach the objective of sampling the salt
and evaporite formation at Site 364 by penetrating the
Mesozoic and Cenozoic cover, we decided to spend the
remaining two drilling days of the leg in a final effort to
sample the salt, this time using a nearby canyon which had
eroded out many of the indurated formations which had led
to bit failure at Site 364. We did not stream seismic gear and
the Challenger proceeded southwest at half speed using the
dynamic positioning equipment to establish bearing from
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the position of Site 364. The new drill site (365) was
reached by dead reckoning at midday on 6 February. It was
some 10 km southwest of Site 364.

Drilling at Site 365

The coring summary for Site 365 is given in Table 2.
Spudding in took place at 2345 and the first core was cut at
225 meters sub-bottom, revealing that we were penetrating
the Neogene canyon fill as had been predicted. We worked
the drill string down rapidly with both pumps. Other cores
were cut at approximately 100 and 80 meter intervals to
keep a check on lithology and the possible presence of gas.

A small firm zone was detected at approximately 515
meters sub-bottom while within Core 5. Cores 6 and 7,
however, continued to be cut rapidly. Unfortunately, time
ran out before the canyon fill could be completely penet-
rated, and we decided to pull the string at 1100 on 8 Feb-
ruary to make the scheduled arrival in Abidjan, Ivory Coast.
We noticed a definite firming up of the formation at about
660 meters sub-bottom. It is difficult to estimate just how
thick the canyon fill was, but it seems likely that another
300 meters might have been required to reach the salt and
evaporites, entailing perhaps another day on site.

Interestingly enough, we encountered little torquing of
the type experienced for the Neogene section of Site 364 at
Site 365, perhaps as a consequence of a slightly coarse grain
size at the latter site and a significantly higher rate of sedi-
ment accumulation,

LITHOLOGY

Site 364 Lithologic Descriptions

We expected Site 364 to provide insight into the age and
depositional facies of the evaporite formation, leading to an
understanding of the processes by which it accumulated.
Unfortunately, we did not anticipate the thick sequence of
indurated Cretaceous limestones encountered at the site.
The bit was destroyed apparently only a few tens of meters
from the objective, reaching lower Albian-Aptian dolomites
with interstitial water of high salinity. However, the
sedimentary section recovered contains remarkably detailed
information on euxinic changes of the sea water in the An-
gola Basin during the Cretaceous.

We drilled Site 364 to a depth of 1086 meters sub-bottom
in 2449 meters of water yielding sediments ranging from
Pleistocene to lower Albian-upper Aptian. Coring began at
7.5 meters sub-bottom and cores of 9.5 meters barrel length
were taken throughout the site. Coring was not continuous

except at the boundary between Tertiary and Cretaceous.
We took a total of 46 cores with a recovery of 69.1 per cent,
representing 27.2 per cent of the total sediment column.
We subdivide the sediments into seven lithologic units on
the basis of composition, color, texture, and sedimentary
structures. They are summarized in Table 3 and Figure 3.

Unit 1: Calcareous Mud

Unit 1 is composed of dark olive-gray calcareous mud
and soft clay. It was taken as a ‘‘punch’’ core. When split, it
smelled of HzS. The mud contains 60 per cent clay, 20 per
cent nannofossils, 10 per cent plant debris, 5 per cent
foraminifers, 4 per cent pyrite, and 1 per cent quartz. The
black clay in Core 2 shows essentially the same composi-
tion. Abundance of clay flakes associated with plant debris
indicates recent transportation of terrigenous materials to
the site through many submarine canyons dissecting the
continental margin; such canyons were observed on Glomar
Challenger seismic profiles taken while approaching the
site. The composition and HzS odor, together with a lack of
burrowing, suggest fairly stagnant bottom conditions.

The boundary between Unit 1 and Unit 2 is taken as the
first appearance of distinct calcareous nannofossil ooze in
Core 3.

Unit 2: Marly Nannofossil Ooze and Mud

The unit is represented by the first recovered calcareous
nannofossil ooze of lower Pliocene age and by olive-gray
zeolite-bearing mud of probable middle Miocene age.
Composition of the ooze is 55 per cent nannofossils, 29 per
cent clay, and 10 per cent foraminifers. Composition of the
mud averages 60-90 per cent clay, 0-25 per cent nannofos-
sils, 1-5 per cent quartz, 0-5 per cent zeolite, and 0-1 per
cent foraminifers. Color, odor, and presence of pyrite are
similar to Unit 1, indicating reducing conditions began to
prevail about this time. Abundance of nannofossils may
have contributed to high surface-water productivity.

The boundary between Unit 2 and Unit 3 is placed at the
first pelagic clay recovered in Core 5 of middle Miocene
age.

Unit 3: Pelagic Clay and Radiolarian Ooze

Core 5 starts with dark yellowish brown to olive marly
nannofossil coze at the top becoming to yellowish brown to
gray pelagic clay toward the bottom. The composition of
Core 5 averages 35-70 per cent clay, 5-50 per cent nan-
nofossils, 5-10 per cent dolomite rhombs, 1-3 per cent
quartz, and 0-5 per cent zeolite.

TABLE 2
Coring Summary, Site 365
Depth From Depth Below  Length Length
Drill Floor Sea Floor Cored  Recovered Recovered
Core Date Time (m) (m) (m) (m) (%)
1 7 Feb. 0700 3275-3284.5 225-234.5 9.5 9.5 100.0
2 7 Feb. 1330 3370-3379.5 320-329.5 9.5 3.45 36.3
3 7 Feb, 2020 3446-3455.5 396-405.5 9.5 4.5 474
4 7 Feb. 2345 3512.5-3522 462.5-472 9.5 3.15 33.2
5 8 Feb. 0230 3560-3569.5 510-519.5 9.5 4.65 48.9
6 8 Feb, 0730 3664.5-3674 614.5-624 9.5 5.78 60.5
7 8 Feb. 1520 3731-3737 681-687 6.0 3.65 384
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TABLE 3
Lithologic Summary of Site 364
Depth in
. Section Thickness
Unit  Dominant Lithology (m) (m) Age
1 Calcareous mud Cores 1-2 55 Pleistocene to
7.5-55 Upper Pliocene
2 Marly nanno coze Cores 3-4 76 Lower Pliocene
and mud 55-131 to middle Miocene
3 Pelagic clay and Cores 5-7 119 Middle Miocene to
rad mud 131-250 middle Oligocene
4 Nanno chalk Cores 7-19 327 Middle Eocene to
250-577 Santonian
-] Marly chalk with Cores 20-25 133 Santonian to
sapropel 577-710 Cenomanian (7)
6 Limestone Cores 26-38 252 Albian (7)
710-962
7 Marly dolomitic Cores 3946 +124 Lower Albian to
limestone with 962-1086 upper Aptian (?)
sapropel

Core 6 differs from Core 5 and Core 7 in color variation,
sedimentary structure, and composition. It consists of
greenish gray to light greenish gray zeolite-bearing mud
with intercalations of sand having up to 70 per cent quartz.
The bottom of the core, about 70 ¢m thick, consists of
greenish gray radiolarian mud. The composition of the core
averages 75-85 per cent clay, 15-20 per cent radiolarians,
5-10 per cent diatoms, 1-5 per cent sponge spicules, 0-5 per
cent zeolite, and 1-2 per cent quartz.

Core 7, excluding the core catcher, consists of brown to
olive-gray pelagic clay similar to the lower half of the Core

Compared with Unit 4, discussed below, Unit 3 shows a
distinct increase in the level of calcium carbonate dissolu-
tion. This we attribute to Antarctic Bottom Water influx
during the time of deposition of the middle and lower part of
the unit. The base of the unit appears to be disconformably
overlying Unit 4, with a possible missing interval of 16
million years.

Unit 4: Nannofossil Chalk

This unit is characterized by the dominance of carbonate.
From Core 7,CC to Core 19, the sediment is composed of
up to 95 per cent nannofossils. The unit is divided into two
subunits; upper nannofossil chalk and lower nannofossil
chalk, depending on the proportions of intercalations of ter-
rigenous mudstones.

Subunit 4a (Cores 7-15) consists of yellow brown, light
gray, brown and reddish yellow nannofossil chalk. The
composition of the subunit averages 77 to 95 per cent nan-
nofossils, 5 to 15 per cent clay, and 0 to 2 per cent quartz
except for Core 12 which shows rather dark brown color and
contains abundant terrigenous matter.

Subunit 4b (Cores 16-19) consists of brown, light brown,
and pale brown nannofossil chalk. It differs from Subunit
4a in having abundant intercalations of calcareous
mudstone. Core 16 has abundant terrigenous material and a
thin carbonaceous layer.

Unit 5: Marly Chalk with Sapropel

This unit is characterized by the presence of finely lami-
nated black sapropelic shales. It is divided into two subunits
according to abundant appearance of the sapropelic shale.
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Figure 3. Lithologic column for Site 364.

Subunit 5a (Cores 20-22) consists of greenish gray to
brown nannofossil chalk and marly nannofossil chalk inter-
bedded with thin sapropels. In Core 22, marly nannofossil
chalk is interlayered with dark greenish gray mudstone and
very dark greenish brown claystone without sapropels.

Subunit 5b (Cores 23-25) consists of greenish gray and
dark greenish gray marly chalk and calcareous mudstone
interlayered with abundant black sapropelic shale. It con-
tains barite, pyrite, and marcasite (Figure 4).

The unit indicates that euxinic conditions often prevailed
in this part of the Atlantic Ocean during Coniacian/
Santonian times.

Unit 6: Limestone

The unit is characterized by the abundance of calcium
carbonate as limestone. It is divided into three subunits on
the basis of composition, color, and induration.
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Figure 4. Barite in lithologic Subunit 5b,
Site 364, Sample 23-2, 75-85 cm.

Subunit 6a (Cores 26-28) consists of indurated marly
nannofossil chalk with alternations of greenish gray and
reddish brown material. Smear slides of Core 27 have 68
per cent unspecified carbonate, 15 per cent nannofossils, 15
per cent clay, 2 per cent foraminifers, and trace amounts of
quartz.

Subunit 6b (Cores 29-31) consists of light bluish gray
massive limestone, with stylolitic seams and ‘‘marble’’
structure (Figure 5). Core 29 has stylolitic 86 per cent un-
specified carbonate, 10 per cent clay, a trace of nannofos-
sils, and a trace of quartz. In massive limestones, there are
segregation laminae of clay, which look like willow leaves.

Subunit 6¢ (Cores 32-38) consists of light bluish gray
limestone and marly limestone. Cores 37 and 38 are olive-
gray in color. Core 35 smear slides average 40 per cent clay,
33 per cent unspecified carbonate, 15 per cent nannofossils,
2 per cent pyrite, and 1 per cent quartz. Slump folds and
microfaults are abundant (Figures 6 and 7).

Unit 7: Marly Dolomitic Limestone With Sapropel

The deepest unit is characterized by the occurrence of
black sapropelic shale. It is divided into two subunits based
on the proportion of sapropel.

Subunit 7a (Cores 39-41) consists of light gray to olive-
gray marly limestone interbedded with thin black sapropelic
shales. The composition of marly limestone in Core 41 is 48
per cent unspecified carbonate, 20 per cent dolomite
rhombs, 20 per cent clay, and 2 per cent pyrite. Core 40
shows the steepest inclination of bedding planes, to about
60° from the horizontal, which might be caused by local
slumping relating to salt deformation (Figure 8).
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Figure 5. Limestone showing “marble”
structure in Unit 6, Site 364, Sample
29-4, 25-47 cm.
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Figure 6. Folding in Unit 6 limestone, Site
364, Sample 36-2, 125-147 cm.
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Subunit 7b (Cores 42-46) consists of light bluish gray
dolomitic limestone and black shale. In Core 46, we reco-
vered only 1 meter of dark olive-gray dolomite. The com-
position of the dolomite in Core 44 is 93 per cent dolomite,
5 per cent unspecified carbonate, and a trace of quartz.
Figure 9 shows a nodular-type dolomite from this unit.

Sedimentary History

Unit 7 is characterized by a predominant sapropelic shale
of lower Albian to upper Aptian age. Bottom water condi-
tions were stagnant enough at this time to preclude the oxi-
dation of carbonaceous matter and the formation of current-
related sedimentary structures. Instead, finely laminated
shales and carbonates predominate. The lowermost lime-
stones have been extensively dolomitized, apparently in
high Fe and Na solutions (Matsumoto et al., this volume).
This probably reflects the formation of dolomite in the
highly saline bottom water conditions that may have per-
sisted into the euxinic stages of sedimentation in the Angola
Basin. Dolomitization, however, may also have been
diagenetic (Natland, this volume). From our drilling, it is
clear that salt deposition ceased no later than upper Aptian
in the site, but that euxinic conditions persisted into lower
Albian, and recurred at the beginning of the Upper Cretace-
ous as seen in Unit 5. These facts lead to consideration that
there was clearly a barrier ridge between the Cape and An-
gola basins during Cretaceous times. The older part of the
barrier may correspond to formation of the Frio Ridge and
the younger to the Valdivia Bank portion of the Walvis
Ridge.

Units 6 and 4 indicate that the Cretaceous South Atlantic
periodically achieved a state of interchange of shallow and
deep waters through the Walvis Ridge barrier to the Angola
Basin, allowing normal pelagic calcareous sediments to ac-
cumulate. The sediment accumulation rate of Unit 6 was a
drastically fast, 55 m/m.y.; planktonic carbonate productiv-
ity was great enough to produce massive limestone. The
sediment accumulation rate for Unit 4 is 12 m/m.y. (see
below). Unit 3 indicates that a sharp drop in the sedimenta-
tion rate occurred in Eocene times. This may amount to an
erosional hiatus. Such a hiatus appears on the profiler re-
cords and may be interpreted as a major mid-Tertiary dis-
conformity, or it may be interpreted simply as the result of
slow deposition caused by dissolution of planktonic carbo-
nate. Major dissolution cycles detected at Sites 360 and 362
took place in the upper Miocene, the middle to lower
Oligocene, and the upper Eocene. The latter cycle correlates
well with Unit 3 at Site 364. Possibly Antarctic Bottom
Water influx increased from this time, causing increased
dissolution.

Units 1 and 2 are evidence for marked influx of terrigen-
ous materials from the African continent to Site 364, proba-
bly by way of the Congo and other rivers. They also indicate
fairly stagnant bottom conditions in the Angola Basin dur-
ing their deposition persisting to the present day.

Site 365 Lithologic Descriptions

We drilled Site 365 to a sub-sea-floor depth of 687 met-
ers, recovering sediments that range in age from Pleistocene
to pre-upper Albian.
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Figure 7. Folding in Unit 6 limestone, Site 364, Sample 29-2, 26-38 c¢m. Core diameter is 5.6 cm.

The primary drilling objective at this site was to reach an
expected Aptian evaporite layer in the small amount of time
remaining for Leg 40. Thus, only seven widely spaced cores
were taken. The following sub-sea-floor intervals were
cored: 225-243.5 meters, 320-329.5 meters, 396-405.5
meters, 462.5-372 meters, 510-519.5 meters, 614.5-624
meters, and 681-687 meters. A total of 33.2 meters of sedi-
ment was recovered.

The sediments are subdivided into five lithologic units on
the basis of composition and texture (Table 4). Composi-
tional percentages are based on visual estimates of smear-
slide components. Coarse fractions (63-180 um and > 180
pm) of each core catcher sample were also examined.

Unit 1: Mud

Unit 1 is composed entirely of olive-gray, olive-black, or
dark gray-green soft mud. The unit has a maximum esti-
mated thickness of 223.7 meters. The mud averages 70 per
cent clay, 4 per cent quartz, 6 per cent plant fragments, 6
per cent pyrite, 3 per cent foraminifers, 3 per cent nannofos-

TABLE 4
Lithologic Summary of Site 365

Depth in
: ) Section Thickness
Unit  Dominant Lithology (m) (m) Age
1 Mud 225-233.7 <233.7 Pleistocene
(Core 1)
2 Mud 2337234 0.3 Miocene
(core 1)
3 Nannofossil ooze 234-277 43 Miocene
(Core 1)
4 Mudstone (sapropel) 277-434 157 Turonian-
(Cores 2-3) Cenomanian/
upper Albian
(allochthanous)
5 Mudstone 434-687 253 Miocene
(Cores 4-7
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sils, 2 per cent radiolarians, and 2 per cent mica, plus minor
(< 2 per cent) and trace amounts of a variety of components
(see Core Summary Forms).

Unit 1 is represented solely by the sediment in Core 1, but
these sediments are almost certainly not from the actual
sub-sea-floor interval cored. Washing was started some
time after seafloor penetration, and continued until the sed-
iment was felt to “‘stiffen up.’” Washing was then stopped
and coring began (at —225 m). Thus the sediments of Unit 1
may have entered the core barrel at any level, but probably
before washing started. In all likelihood, they represent sed-
iment from near the top of the stratigraphic column.

The boundary between Unit 1 and Unit 2 is taken as the
first recovered stiff terrigenous mud, which is in Core 1,
Section 6.

Unit 2: Mud

Unit 2 consists of a minimum thickness of 30 cm of
moderate brown, stiff mud. The mud has no apparent bed-
ding or burrowing; it is slightly mottled. Composition of the
mud is 75 per cent clay, 15 per cent quartz, 5 per cent
zeolites, 3 per cent pyrite, and 2 per cent iron oxides.

The boundary between Unit 2 and Unit 3 is at the mud-
nannofossil ooze contact in Core 1, Section 6.

Unit 3: Nannofossil Ooze

Unit 3 consists of an estimated thickness of 43 meters of
light to moderate brown nannofossil coze. There is no appa-
rent bedding. The ooze is composed of 87 per cent nan-
nofossils, 10 per cent clay, 2 per cent quartz, and 2 per cent
plant fragments, plus minor and trace components. Exami-
nation of the coarse fraction of a red zone in core catcher
sediment shows 65 per cent foraminifers, 35 per cent mica,
and traces of fish teeth, glauconite, and pyrite; a gray zone
in the same sediment showed 30 per cent foraminifers, 65
per cent pyrite, 4 per cent barite, and traces of quartz, mica,
and fish teeth.
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Figure 8. Reverse faults and steeply dipping
beds in marly limestone of Unit 7, Site
364, Sample 40-4, 61-82 cm.

ANGOLA CONTINENTAL MARGIN — SITES 364 AND 365

2cm

Figure 9. Nodular structure in dolomitic
limestone, Site 364, Sample 43-1, 79-
94 cm.

The boundary between Unit 3 and Unit 4 is arbitrarily
placed halfway between the bottom of Core 1 and the top of
Core 2.

Unit 4: Mudstone (Sapropel)

Unit 4 consists of an estimated thickness of 157 meters of
predominantly black mudstone, with minor amounts of
black claystone and bluish gray marly nannofossil chalk.
The mudstones and claystones are thinly laminated, with
bedding inclinations ranging from horizontal to 70°, Moder-
ate burrowing is present.

The laminated mudstones and claystones average 69 per
cent clay, 16 per cent pyrite and carbonaceous material, 8
per cent quartz, 6 per cent mica, and 3 per cent dolomite,
plus minor and trace amounts of other components. Recog-
nizable plant debris in the mudstones allows the term *‘sap-
ropel’’ to be applied to them. The marly nannofossil chalk is
composed of 55 per cent nannofossils, 30 per cent clay, 6
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per cent quartz, and 5 per cent pyrite, plus minor and trace
components. Examination of the coarse-fractions of the core
catchers of Cores 2 and 3 gave the following averages: 70
per cent foraminifers, 22 per cent rock fragments, 6 per cent
pyrite, 2 per cent quartz, and trace components.

The boundary between Unit 4 and Unit 5 is placed half-
way between the bottom of Core 3 and the top of Core 4.

Unit 5: Mudstone

Unit 5 consists of an estimated 253 meters of predomin-
antly bluish and greenish gray mudstones with minor, thin
sandy layers, and one 10-cm bed of sandstone. Bedding of
the mudstones is massive. Burrowing is moderate in both
mudstones and sandy layers. Zoophycos is common.

The mudstones average 68 per cent clay, 18 per cent
mica, 8 per cent quartz, and 2 per cent pyrite, plus minor
and trace components. Trace amounts of iron oxides locally
cause reddish colors in this predominantly gray unit. The
coarse fraction averages 41 per cent quartz, 16 per cent
unspecified carbonate, 15 per cent fish remains, 13 per cent
rock fragments, 10 per cent mica, and 2 per cent pyrite.
Angular mud clasts were found in Core 5. Numerous sand-
sized white ‘‘specks” in the mudstones are agglutinated
benthic foraminifers.

Sandstones average 47 per cent quartz, 19 per cent clay,
15 per cent dolomite, 8 per cent mica, 6 per cent zeolite, 3
per cent pyrite, and 2 per cent feldspar, plus minor and trace
components. The dolomite occurs as cement. At least one
sandy bed is graded, suggesting that these may be turbiditic
sands.

Sedimentary History

The facies inferred to be immediately above salt at Site
364 is euxinic sapropelic shale alternating with dolomitic
limestone. At Site 365, we attempted to bypass much of the
overburden over the salt layer by coring into a deep cleft cut
through virtually the entire sequence into the salt and filled
with younger sediments. The origin of the canyon is uncer-
tain. Erosion, faulting, or collapse into a gap created by
dissolution of the halite beneath are all possibilities. Reflec-
tors are directly traceable to the wall of the canyon from Site
364, a scant 10 km away. Unfortunately, coring did not
penetrate the salt although drilling terminated over 300 met-
ers below the inferred top of the salt horizon at Site 364. At
this point, interstitial water salinities of 122 per mille were
obtained (Sotelo and Gieskes, this volume), indicating that
salt was very close at hand. We infer that the wall of the
canyon where salt was expected was never penetrated, and
that all that was cored is canyon fill.

The oldest in situ sediments cored are Miocene with some
reworked Cretaceous. The Cretaceous sapropels of Unit 4
are clearly allochthonous, with high angled dips, and may
represent a block caved from the canyon walls during
Miocene time. The Miocene sediments were deposited
primarily below the CCD and are laterally extensive to sed-
iments in the deep Angola Basin west of the salt escarp-
ment.

GEOCHEMICAL MEASUREMENTS

Neither the presence of gas nor evidence of liquid hyd-
rocarbons was detected in the cores recovered at either Sites
364 or 365 (see Foresman, this volume).
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PHYSICAL PROPERTIES

Site 364

The sediments at this site range in age from Pleistocene to
upper Aptian. The lithology of this section is calcareous
biogenic remains in various stages of alteration and lithifica-
tion, with minor siliceous, authigenic, and terrigenous
components. In Cores 29-40, much of the bedding shows
steep dips and folding. This may be intraformational folding
due to slumpage or salt flowage. Because of the varying
dips, the sonic velocity and GRAPE measurements were not
always made parallel to the bedding.

GRAPE

The bulk density plotted in Figure 10 increases from 1.5
g/em? at 40 meters to maximum values of 2.5 g/cm® at 1000
meters. The presence of sapropels causes deviations from
normal patterns. The sapropels of Lithologic Units 5a, 5b,
7a, and 7b cause a major deviation in the plots of physical
properties. These highly carbonaceous shales have low bulk
density compared to other shales buried at comparable
depths. One interesting feature in the GRAPE records is a
very sharp bulk density peak, 2.79 g/cm®, at 50 cm in Core
38, Section4. A comparison with the visual core descriptions
shows this to be a thin layer of pyrite.

The porosity plotted in Figure 10 decreases with depth.
The initial values of 75 per cent at 10-meters depth are
reduced to a minimum of 9 per cent at 1045 meters. The low
porosity values at depth are in cemented and dolomitic limes-
tones. Both sapropel units have larger values of porosity than
the adjoining chalks and limestones.

One interesting feature of both the bulk density and
porosity plots is the interval between 100 and 250 meters
where the values of each remain constant. In this interval, a
pronounced lack of calcium carbonate is evident. The do-
minant lithology is a zeolite-bearing mud, rich in siliceous
microfossils. The water content profile also displays un-
iformity over this same interval. These data add emphasis to
the hypothesis that the lithology is the controlling factor for
the major physical properties in this interval. There also
appears to be a break in the plots of physical properties
below this unit, suggesting a possible hiatus.

Sonic Velocity

Sonic velocity measurements ranged from 1.64 km/sec to
5.3 km/sec at Site 364 as shown in Figure 10. The acoustic
units as shown in Table 5 correspond to major lithologic
changes, but are not directly comparable to the lithologic
units. Acoustic Unit I encompasses the first three lithologic
units which range from calcareous mud, to marly nannofos-
sil ooze, to a barren zeolite mud. Acoustic Unit I corres-
ponds to the chalks of Lithologic Units 4a and 4b. At the
base of these chalks, an euxinic facies represented by sap-
ropels and hard chalks presents a good reflector which is
Acoustic Unit III. Acoustic Unit IV signals the first appear-
ance of limestones with some velocities greater than 3.0
km/sec. Interbedded with the limestones are low-velocity
calcareous mudstones. Acoustic Unit V corresponds to
high-velocity dolomites (greater than 4.0 km/sec) and low-
velocity sapropels (velocities less than 2.8 km/sec). This
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TABLE §
Velocity Travel Time Data for Site 364 Acoustic Units

Time to Base of Unit®  Mean Measured Velocity

Acoustic Unit (sec) (km/sec)
I 0.29 1.68
11 0.62 1.91
111 0.73 2.27
w 0.925 291
v 2.4 3.30

a L
Two-way reflection time

unit comprises the dolomites and sapropels on top of the salt
and extends to the base of the salt at 2.4 seconds sub-
bottom.

Shear Strength

The measured shear strength values plotted on Figure 10
increase from 33 g/cm® at a depth of 11 meters to a
maximum of 1570 g/cm® at 198 meters. Below 200 meters,
the shear strength decreases to 800 g/cm® as a chalk is
entered at 275 meters. The high values of shear strength are
in the middle of the non-carbonate mud where the values of
water content, porosity, and bulk density remain constant.
Water content in Figure 10 decreases from 126 per cent at a
depth of 11 meters to a minimum of 4 per cent in the
dolomites at 1045 meters. Abnormally high values of water
content are associated with the sapropels between 580 met-
ers and 710 meters.

Summary

Site 364 offered an opportunity to examine the changes of
physical properties with depth in a mainly biogenic section.
The only deviations from typical curves are in the non-
calcareous muds of Lithologic Unit 3 and in the sapropels of
Lithologic Units 5a, 5b, 7a, and 7b. The major reflectors
shown in Figure 10 correspond with the major lithologic
breaks. In the lower two acoustic units, extremely high
velocities, between 3.0 and 5.3 km/sec, were measured for
the recovered limestones and dolomites.

Site 365

Since Site 365 was a last-ditch effort to recover samples
of the Angola Basin, salt cores were widely spaced both in
depth and age. We recovered five different lithologies in
seven cores. The lithologies varied from a Pleistocene mud
to a Miocene nannofossil ooze with a large “*slump’” block
of Cretaceous mudstones with interbedded sapropels resting
on older Tertiary mudstones.

Although core control at this site is rather poor, certain
generalizations can be made about the physical properties.
As can be seen in Table 6, the bulk density, sonic velocity,
and shear strength increase with depth. The slump unit of
Cretaceous sediment does show values larger than expected
for near-surface sediments. The exact nature of the slump
cannot be determined from the limited amount of data avail-
able from this site.
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BIOSTRATIGRAPHY AND PALEONTOLOGY

General Remarks, Site 364

At Site 364 in the Angola Basin, we penetrated 1086
meters of Pleistocene to upper Aptian sediments. Coring
was not continuous except for Cores 10-12 across the Cre-
taceous Tertiary boundary. Ten cores were taken in the
Pleistocene to Paleocene (359 m). About 300 meters of
Upper Cretaceous Maestrichtian to upper Turonian are rep-
resented by 13 fairly regularly spaced cores (11-23). The
Lower Cretaceous (upper Albian to upper Aptian), some
420 meters thick, is represented by 23 cores, one core taken
every 19 meters (50% coring).

Core 1 (7.5-17 m) is rich in tropical Pleistocene
planktonic foraminifers and calcareous nannoplankton.
Core 2 (36-45.5 m) is virtually devoid of calcareous mic-
rofossils; only in the core catcher are some planktonic
foraminifers and coccoliths (which, in addition, also occur
in Section 2) of upper Pliocene age present. Core 3 (64.5-74
m) is Pliocene on the basis of both planktonic foraminifers
and calcareous nannoplankton. Core 4 (102.5-112 m) is
upper Miocene. Cores 5 to 7, Section 1 (150-159.5, 197.5-
207, and 245-254.5 m) are strongly affected by calcium
carbonate dissolution and can only tentatively be dated as
middle-lower Miocene. Dissolution is less marked in Cores
7, CC to 10 (254.5, 283-292.5, 321-330.5, and 341.5-359
m) in which a number of middle Eocene to lower Paleocene
planktonic foraminiferal and calcareous nannoplankton
zones are present.

Cores 11 and 12 (359-378 m) are void of planktonic
foraminifers, but benthic forms are present. They are dated
as Maestrichtian on the basis of abundant calcareous nanno-
plankton. The Cretaceous/Tertiary boundary thus falls be-
tween Cores 10 and 11. Both the lower Tertiary and the
uppermost Cretaceous are strongly affected by calcium car-
bonate dissolution. This is in contrast to the Walvis Ridge
Site 363 where dissolution in the same stratigraphic interval
is negligible. Cores 13-23 (397-653 m) are lower
Maestrichtian-upper Turonian on the basis of planktonic
microfossils. Core 24 (672.5-682 m) is already upper Al-
bian; thus part of the Turonian and the whole of the
Cenomanian appear to be missing as at Site 363 (but see
discussion on calcareous nannoplankton below). Because of
very poor faunas, Cores 24 and 25 are not datable using
planktonic foraminifers. But below this, they are more fre-
quent and are of a cooler water, boreal type, as at Site 363.
Cores 24-34 (672.5-881.1 m) are placed in the Albian, and
Cores 35-41 (891-1014.5 m) in the upper Aptian. Cores
42-46 (1024-1086 m) are devoid of planktonic foraminifers.
On the basis of calcareous nannoplankton, Cores 24-33 are
in the upper part of the Albian, Cores 34-41 in the upper
part of the lower to middle Albian, and Core 41 (lower part)
to Core 42 in the lower Albian,

Except for Core 6, CC and Section 7-1, which contain a
rich Oligocene fauna, Cenozoic radiolarians are absent.
Most of the Cretaceous is also barren in radiolarians, except
for Cores 23 to 27.

Six different phylloceratid and desmoceratid ammonite
species were recovered within the interval of the upper-
middle Albian Cores 29-37. In spite of a somewhat different
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TABLE 6
Physical Properties Data, Site 365

Sample Shear
(Interval Depth  Bulk Density GRAPE Velocity Water Content®  Porosity  Strength

inem)  (m) (g/cm3) (g/em3)  (km/sec) (%) (%) (g/cm?)
1-6, 32 2335 1.342 1.40 1.637 57.07 76.63 81.3
1-6, 40 2335 1.41 1.632
1-6, 90 234 1.636 1.78 1.701 37.02 60.58 1127
1-6,143 2345 1.853 2.10 1.632 24.13 43.88 1150
2-3,22 221.5 1.908 1.98 1.798 24.17 46.13
2-3,69 322 1.92 1.779
3-2,16 397.5 1.806 1.830 26.69 48.22
3-2, 56 398 1.839
33,10 399 1.569 1.67 1.848 29.42 46.16
3-3,144 4005 1.52 1.896
4-1, 88 462.5 2.081 1.96 1.971 22.86 47.59
42,113 465 1.897 1.92 2.002 24.24 46.01
5-2,62 512 1.956 1.95 2.04 22.18 43.39
5-2,109 5125 2.00 2.022
5-3,10 513 1.99 1.998
5-3,46 5135 1.929 2.01 2,025 22.38 43.18
6-2, 64 616.5 904 2.03 2.084 21.25 40.48
6-2,139 617.5 2.1 2.021
6-4, 80 620 2.01 2.094
7-1,142 6825 1.879 2.03 10.69 20.10
7-2, 66 683 1.920 2.04 2.14 3443 66.09

4 % of total weight

depositional environment compared with the Walvis Ridge
Site 363, the Angola Basin Site 364 ammonites are of the
same preservation which indicates deposition on the outer
shelf/upper continental slope in sediments of slightly reduc-
ing conditions.

Abundant spores and pollen, and rare dinoflagellates
were studied from Cores 21 to 45 for their distribution and
stratigraphic implication (Morgan, this volume).

Biostratigraphy, Site 364

The general planktonic foraminiferal and calcareous nan-
noplankton zonation of the section, and correlation of the
zonal scheme applied is given in Tables 7 and 8.

Tertiary

Wide spacing between cores and strong calcium carbo-
nate dissolution over much of the section prevents the rec-
ognition of continuous planktonic foraminiferal and cal-
careous nannoplankton zonal sequences through the 359
meters of Cenozoic sediments. But where present, the
planktonic foraminiferal and calcareous nannoplankton as-
sociations allow good zonal assignments (see Table 8). The
planktonic foraminiferal fauna is largely of tropical aspect.
But the absence of Globorotalia tumida, which is one of the
best warm-water indicators in the Pliocene-Pleistocene, is
surprising. On the basis of planktonic foraminifers the Pleis-
tocene Globorotalia truncatulinoides truncatulinoides Zone
and the two Pliocene zones Globorotalia miocenica and
Globorotalia margaritae were recognized in Core 1, and
Cores 2 and 3, respectively. Core 4 is upper Miocene Neo-
globoquadrina dutertrei Zone. Because of dissolution virtu-
ally no planktonic foraminifers occur in Cores 5, 6, and the
upper part of Core 7. Only the core-catcher sample of Core
5 could be dated as the middle Miocene Globorotalia fohsi
peripheroronda Zone. The calcareous nannoplankton in
Cores 1-7 confirm the planktonic foraminiferal ages. The

core-catcher sample of Core 7 is already middle Eocene on
the basis of both calcareous nannoplankton (Nannotetrina
fulgens Zone) and very poor planktonic foraminiferal evi-
dence. The lower part of the Miocene, the Oligocene, and
the upper Eocene are thus either absent or very strongly
condensed in Core 6 and above the core catcher of Core 7.
The lower Eocene Globorotalia palmerae to
Globorotalia aragonensis and the Globorotalia formosa
formosa zones could be distinguished in Core 8, and the
Globorotalia subbotinae and the Globorotalia edgari zones
in Core 9. The core catcher of Core 9 is already upper
Paleocene Globorotalia velascoensis Zone. The middle
Paleocene Globorotalia angulata Zone and the lower
Paleocene Globorotalia trinidadensis Zone occur in Core
10. On the basis of calcareous nannoplankton the lower
Eocene Discoaster sublodoensis, Discoaster lodoensis , and
Tribrachiatus orthostylus zones are condensed into Core 8.
Core 9 is assigned to the lower Eocene Tribrachiatus con-
tortus Zone. Core 10 contains the Heliolithus kleinpellii and
the Fasciculithus tympaniformis zones in its upper and mid-
dle sections, and at its base the lower Paleocene Crucip-
lacolithus tenuis Zone.

The Cretaceous/Tertiary Boundary

This boundary falls between Cores 10 and 11 of Site 364.
Core 10 (with full recovery) is strongly affected by calcium
carbonate dissolution which has only rudimentary
planktonic foraminiferal and calcareous nannoplankton as-
sociations remaining. Core 10, CC is in the lower Paleocene
Globorotalia trinidadensis Zone on the basis of planktonic
foraminifers and in the Cruciplacolithus tenuis Zone of cal-
careous nannoplankton. The lowermost Paleocene is thus
absent in Core 10. Core 11 (also with full recovery) has no
planktonic foraminifers, but benthic forms are present as are
calcareous nannoplankton. This is unlike Site 363 where
rich and well preserved lower Paleocene calcareous mic-
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TABLE 7
Correlation of Cretaceous Calcareous Nannoplankton and Planktonic Foraminiferal Zones, and Ages of Other Fossil Groups in Site 364
z
CALCAREQUS NANNOPLANKTON Q PLANKTONIC FORAMINIFERA
E BENTHOMIC
a3 RADIOLARIA AMMONITES | PALYNOMORPHS
£ @ FORAMINIFERA
AGE ZOMES w S o ZOMNES AGE
a wnw = o
359 - 3685 |11 ?
Adkhangelikiall i -
MAASTRICHTIAN orgeliklalla cymbiformbs | 0 5 w8 12 o] s
97 - 4065 |13
Tatralithus Fifidos 425,5- 435 14| Clobotuncana havanemsis | L | MAASTRICHTIAN [-= = = ————1
EAMPARIAN 463,5- 473 15 CAMPANIAN
Eiffallithus eximius
501,5- 511 16
530 - 59,5 |7 CAMPANIAN
o
E SANTONIAN
- ® SANTONIAN
SANTONIAR 568 - 577,5 |19
UPPER Marthasterites furcalus
CONIACIAN 577,5- 587 20
506,5- &01 21 [
Globotruncana primitive u COMIACIAN U COMNIACIAN
15,5 625 22
- — 1. coNRCENT T hommRcnR ]
| L.CON-UTUR, | Micula 84: =408 | ] Globawuncona:aljel] U, TURONIAN U, TURONIAN | CONIACIAN
- to
e BT RN g e U, TURGHITAN
- ALBIAN =
701 -710,5 |25 UPPER ALBIAM
710,5- 720 2 UPPER ALBIAN
VRACONIAN
720 - 7295 |27 ALBIAN-APTIAN cmommm;
748,5- 758 28 | Rotalipara ticinensis - u . o atsiani
U | ALBIAN Eiffellithis turriseiffeli Biticinella breggiensis m ALIIA
767,5- 777 29
786,5- 796 30
UPPER ALBIAN UPPER ALBIAN
805,5- 815 1
824,5- 834
i s Ticinella primula = "
843,5- 853 23 Ticinella bejocuensis L ALBIAN M| ALBIAN
872 -83l,5 |24
891 - 9005 |35 ) R
910 - 919,5 16 H.dbar;aliu gorbachikae
M ALBIAN . g 929 - 938,5 37 U.-M, ALBIAN
948 - 957,5 |38 u APTIAN
MIDDLE ALBIAN
947 - 9765 |39
k; lobigerinelloides olgeriana U| APTIAN
985 - 9955 |40
Ll AlsiaN = = 1005 -10145 |41
B 1024 -1033,5 |42
1033,5-1043 43
1043 -1052,5 |44 LOWER ALBIAN
1062 -1071,5 |45
1081 -10845 |46

rofossils, including planktonic foraminifers, occur above
the boundary in Core 18, and an equally rich and well
preserved Upper Cretaceous assemblage below it. At Site
364, the absence of upper-middle Maestrichtian Micula
mura and Lithraphites quadratus in the uppermost part of
Core 11 suggests a middle-lower Maestrichtian Ar-
khangelskiella cymbiformis Zone for Sections 11-1 to 13-1.
The youngest Cretaceous planktonic foraminifers occur in
Cores 13, CC and 14 and are of lower Maestrichtian
Globotruncana havanensis Zone age. The upper Maestrich-
tian and probably part of the middle Maestrichtian are thus
absent.

Cretaceous

Dating and zoning of the Cretaceous is based primarily on
planktonic foraminifers and calcareous nannoplankton. Ad-
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ditional biostratigraphic information is supplied by ammo-
nites, benthic foraminifers, and palynomorphs (see Table
8).

As pointed out above, the Maestrichtian of Cores 11-14 is
incomplete in that its upper part is absent. Cores 15-20 are
poor in planktonic foraminifers as a result of strong calcium
carbonate dissolution. The residual fauna preserved is of
Campanian to Santonian age. Planktonic foraminifers are
again abundant in Cores 21 and 22 which are assigned to the
upper Coniacian Globotruncana primitiva Zone. The more
dissolved Core 23 planktonic foraminifers indicate a lower
Coniacian-upper Turonian Globotruncana sigali Zone age.
The calcareous nannoplankton zones follow a similar strati-
graphic breakdown: Eiffellithus eximius Zone, Campanian
(Cores 15-16); Marthasterites furcatus Zone, Santonian-
upper Coniacian (Cores 17-23, upper part); Micula
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TABLE 8
Correlation of Pleistocene to Paleocene Calcareous Nannoplankton and Planktonic Foraminiferal Zones in Site 364
5
CALCAREOUS o0 e PLANKTONIC
AGE @ O W AGE
NANNOPLANKTON ZONES oy w FORAMINIFERAL ZONES
o«
a8z S
Emiliania huxleyi/ Gephyrocapsa oceanica Globorotalia truncatulinoides
PLEISTOCENE e 7,5- 17 1 Honcatal inoldes PLEISTOCENE
Emilianio ovata
U Discoaster brouweri 45,5 2 STab T
oborotalia miocenica M
PLIOCENE Reticulofenestra pseudoumbilica PLIOCENE
L | Ceratolithus rugosus 64,5~ 74 3 Globorotalia margaritae L
Ceratolithus acutus
Discoaster berggrenii
U | Discoaster calcaris 102,5-112 4 Neogloboquadrina dutertrei U
MIOCENE Discoaster hamatus
L Helicosphaera amplioperta 150 -159,5 5
? Globorotalio fohsi peripheroronda | M MIOCENE
197,5-207 -]
245 -254,5 7
M | Mannotetrina fulgens M
Discoaster sublodoensis
Discoaster lodoensis 283 -292,5 8 G. palmerae - G. aragonensis EOCENE
EOCENE Tribrachiatus orthostylus Globorotalia formosa formoso L
L Globorotalia subbotinae
Tribrachiatus contortus 321 -330,5 9 | _Globorotalia edgari
Globorotalio velascoensis u
Heliolithus kleinpellii : M | PALE N
PALEOCENE | M [Fasciculithus fympaniformis 349,5-359 i | Glehoratelia anguleta SICEDE
L Cruciplacolithus tenuis Globorotalia trinidadensis L

staurophora Zone, lower Coniacian-upper Turonian (Core
23, lower part).

Cores 24 and 25 are again so poor in planktonic
foraminifers that no age determination is possible for this
interval. On calcareous nannoplankton they are already in
the upper Albian Eiffellithus turriseiffeli Zone which con-
tinues to Core 33. Cores 34 to the upper part of Core 41 are
in the middle to lower Albian Prediscosphaera cretacea
Zone. The lower part of Core 41 and Core 42 belong to the
lower Albian part of the Parhabdolithus angustus Zone.
Cores 43-46 are barren of calcareous nannoplankton.

Planktonic foraminifers re-appear in great numbers in
Core 26. As at Site 363, the cold water Hedbergella associa-
tions are dominant. The Lower Cretaceous of Cores 26 to 41
is subdivided as follows:

Core 26-upper Core 31: Rotalipora ticinensis to
Globigerinelloides breggiensis zones, upper to mid-
dle Albian;

Lower Core 31-Core 34: Ticinella primula to Ticinella
bejaouensis zones, middle to lower Albian;

Cores 35-37: Hedbergella trochoidea to Hedbergella
gorbachikae zones, upper Aptian;

Cores 38-41: Globigerinelloides algeriana Zone, upper
Aptian

Cores 42-46: devoid of planktonic foraminifers.

The radiolarian-poor faunas that occur in Cores 25-27
indicate Cenomanian-upper Albian for Core 25, upper Al-
bian for Core 26 and Albian-Aptian for Core 27.

The two ammonite species Puzosia quenstetti and
Cainoceras n.sp.ex. aff. liberum from Cores 29 and 32 are
upper Albian, the four species Cainoceras aff. angustidor-
satum, Mortoniceratidae gen. et sp. indet., Neokentroceras
? sp., and Hamites tenuis are regarded as upper-middle
Albian,

Specimens of Inoceramus sp. cf. Inoceramus anglicus
occur in Core 39. The species has been described from the
Albian of various regions.

On palynomorphs Cores 23-25 are regarded as Coniacian
to upper Turonian, Core 27 Cenomanian or Vraconian,
Cores 29-32 upper Albian, Cores 38-40 middle Albian, and
Cores 42-46 lower Albian. Several zonal schemes have
been considered for the Site 364 palynomorphs. Most useful
seem those established in Senegal and Ivory Coast, to the
north of Site 346. Others from coastal Brazil are thought
applicable mainly for the Lower Cretaceous when South
America and Africa were still close.

As at Site 363, Aptian-Albian age assignments at Site 364
differ from one fossil group to another (Table 8). Using
planktonic foraminifers, the Albian-Aptian boundary lies
between Cores 34 and 35. However, the oldest ammonites
in Core 37 are still dated as upper to middle Albian. Using
benthic foraminifers, the boundary lies between Cores 36
and 37, but using calcareous nannoplankton it is within
Core 41. On the basis of palynomorphs, the Albian-Aptian
boundary was not reached at Site 364.
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Paleontology, Site 364

Because of wide spacing of cores, the 359 meters of
Tertiary sediments at Site 364 were recovered in only a
fragmentary way. Furthermore, the calcareous microfossils
which constitute the overwhelming part of the faunas and
floras were strongly affected or even completely destroyed
in some cores by calcium carbonate dissolution. The pre-
sence and distribution of planktonic and benthic foraminif-
ers, as well as calcareous nannoplankton, are therefore de-
termined by these factors.

The effects of strong dissolution and diagenesis are also
evident in much of the approximately 720 meters of Cre-
taceous sediments, especially in the Maestrichtian to Santo-
nian and again in the upper part of the upper Albian, where
they mainly affected the planktonic foraminifers. Benthic
foraminifers and calcareous nannoplankton are much less
affected and occur throughout the interval. Ammonites were
recovered from Cores 29, 32, and 37. In contrast to Site 363
where Calcisphaerulidae occur from the lower Paleocene to
upper Aptian, they are absent from the age-equivalent strata
at Site 364. On the other hand, palynomorphs, in particular
pollen and spores, but also dinoflagellates occur throughout
the Cretaceous of Site 364.

The following faunal/floral groups of Site 364 are treated
in special contributions to this volume (* in supplement
volume):

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 (Scheibnerova)

Pleistocene to upper Aptian calcareous nannoplankton

(Proto Decima, Medizza, and Todesco)

Cenozoic radiolarians (Pisias and Moore)

Cretaceous radiolarians (Foreman)

Ammonites (Wiedmann and Neugebauer)*

Inocerami (Matsumoto)*

Senonian to Albian palynomorphs (Morgan)

Planktonic Foraminifers

Neogene: Of the seven cores that recovered sediments
within the 250 meters of Neogene sediments drilled, only
Cores 1, 2, CC, 3, and 4 contain reasonably rich planktonic
foraminiferal faunas. In the others the faunas were largely or
completely destroyed by calcium carbonate dissolution. The
Pleistocene planktonic foraminifers of Core 1 (7.5-17 m) are
of a typical tropical-sub-tropical character. The typical tropi-
cal form, Globorotalia tumida tumida, is absent which
suggests some cooling occurred during that period of the
Pleistocene. The Pliocene fauna is characterized by the index
fossils Globorotalia miocenica, G. multicamerata, G. mar-
garitae, and Globigerinoides obliquus extremus , forms gen-
erally present in the tropical-sub-tropical Pliocene of the
Atlantic and Caribbean areas.

Paleogene: Most samples examined from Cores 7, CC to
10, representing about 100 meters of Paleogene sediments,
contain either no planktonic foraminifers, or forms that are
strongly affected and reduced by calcium carbonate dissolu-
tion. It is mainly the thick-shelled species that resisted dis-
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solution best, such as Globigerina senni which, in Core 7,
CC, for example, is the only species that remains. Despite
this strong dissolution, zonal markers when present are usu-
ally sufficiently well preserved to allow the distinction of
several lower Eocene and Paleocene zones.

Cretaceous: Two distinct groups of planktonic foraminif-
ers can be distinguished, a Maestrichtian to upper Turonian
Tethyan fauna (Cores 13-23) and a boreal Albian-Aptian
fauna (Cores 26-41). The Maestrichtian Cores 11-12 contain
no planktonic foraminifers, those of the upper Albian Cores
24 and 25 are strongly impoverished and not diagnostic. The
lowermost Cores 42-46 are devoid of planktonic foraminif-
ers. The Maestrichtian faunas of Cores 13, CC and 14 are
also impoverished through dissolution, but several species
including the zonal marker Globotruncana havanensis oc-
cur. The planktonic foraminifers of the Campanian-
Santonian interval (Cores 15-20) are even more rare than in
the lower Maestrichtian. Here only a few resistant forms
including some specimens of Globotruncana fornicata are
preserved.

From the upper Coniacian to the Turonian, dissolution was
less pronounced. This resulted in the presence of rich faunas
dominated by Hedbergella, particularly in the Coniacian
(Cores 21-22). The interval is characterized by several
Globotruncana species including the zonal markers Globo-
truncana primitiva and G. sigali.

As at Site 363, the Lower Cretaceous-upper Aptian
planktonic foraminifers (Cores 35-41) are dominated by rich
Hedbergella faunas, an indication of a cooler water environ-
ment. In contrast to Site 363 species diversification is nor-
mal. Dissolution effects are quite strong in Cores 35-41 but,
despite this fact, rich faunas remain because tests are pre-
served as carbonate casts in the dolomitic and sapropelic
shales. The majority of the species belongs to Hedbergella
including a number of index forms such as H. trochoidea and
H. gorbachikae. Tethyan forms including the zonal marker
Globigerinelloides algeriana are absent, but G. blowi, G.
barri, and G. maridalensis do occur. Fossil preservation is
much better in the Albian interval (Cores 26-34), resulting in
a fauna of high genus and species diversity. The Ticinella
group is outstanding, with such species as 7. bejaouensis and
T. primula in the lower to middle Albian (Cores 31-34) and of
T. praeticinensis in the middle to upper Albian. Whiteinella
with W. bornholmensis and W. baltica are also frequent in
this interval. These forms were originally described from the
upper Turonian to Coniacian of the Baltic. Their occurrence
in the Albian of Site 364 indicates a much longer range. It is
possible that the distribution of this genus was strongly con-
trolled by environment. Fossil preservation is again so poor
in the upper Albian Cores 24 and 25, perhaps due to calcium
carbonate dissolution or diagenesis, that only a few
undiagnostic planktonic foraminifers remain.

Benthic Foraminifers

Paleogene: The strong dissolution evident in the
Paleogene Cores 7-10 also had its effect on the benthic
foraminifers. Not only are the number of specimens pre-
served not representative of the association originally pres-
ent, but the taxa remaining appear reduced as well. In con-
trast, a reasonable middle Eocene fauna occurs in Core 7,
CC. The samples examined from Cores 8 and 9 consist of



only few specimens representing a few species, but
planktonic foraminifers in Cores 8 and 9 are more abundant.
It is therefore possible that in this interval the faunal charac-
ter was originally predominantly a planktonic one. In Core
10, on the other hand, quite a rich benthic fauna is present
compared with impoverished planktonic foraminifers. Ban-
dyella beckmanni is described as a new species from Sample
10-1, 58-60 cm (Proto Decima and Bolli, this volume).

Upper Cretaceous: Benthic foraminifers are present
throughout the Upper Cretaceous Cores 11-23. Their fre-
quency is variable and appears to be determined at least in
part by calcium carbonate dissolution, which eliminated all
the planktonic foraminifers in Cores 11 and 12, for exam-
ple. Benthic foraminifers are comparatively rare in Core 18
where the planktonic forms are also nearly absent. The
faunal composition through Cores 23 to 11 does not show a
distinct trend or change. The appearance of Bathysiphon in
the upper part of the section may be of ecological signifi-
cance. Some faunal elements such as Bathysiphon,
Gyroidina, Osangularia, and Nutallinella point to a deeper
water middle- to possibly lower-slope environment. The
scarcity of primitive agglutinated forms of Lituolids, how-
ever, suggests a depth of not more than about 2000 meters.
Without reliable data on paleoclimatology and bottom con-
ditions, such depth estimates remain rather speculative.

The Upper Cretaceous benthic foraminifers of both Sites
363 and 364 show influences of tropical to subtropical,
temperate and austral character. In particular, evidence for a
warmer climate prevails in the Senonian and Maestrichtian
of Site 364. This is also confirmed by the planktonic
foraminifers.

Lower Cretaceous: Benthic foraminifers occur in the
upper Albian to upper Aptian Cores 24-41 where they are
fairly regularly distributed. Cores 42 to 46 contain only very
poor benthic foraminifers or are barren. The fauna consists
mainly of calcareous forms and is of the non-tropical austral
type. Consequently, the Angola Basin at that time must
have formed part of the Austral biogeoprovince. Ecological
reasons may be responsible for some differences in the
faunal composition of Sites 363 and 364. Though many
species occur at both Sites 363 and 364, there are several
taxa that are restricted to one or the other. For instance,
Lingulogavelinella frankei africana only occurs at Site 364.
A distinct faunal change takes place between Site 364 Cores
26 and 25 where such species as Orithostella indica, Osan-
gularia utaturensis, and Spirobolivina australis disappear.
A comparable change within the Albian has also been ob-
served in the Great Australian Basin and in other areas of
the Austral biogeoprovince.

Calcareous Nannoplankton

Coccolith assemblages ranging in age from Holocene to
Lower Cretaceous occur in this discontinuously cored sec-
tion.

Good to moderately preserved Holocene-Pleistocene as-
semblages with abundant Helicosphaera carteri and
Gephyrocapsa oceanica are present in Core 1. Core 1 (up-
permost Section 1) contains many reworked Upper Cretace-
ous and Paleogene forms. In the core catcher of Core 1 a
peculiar association composed almost exclusively of H. car-
teri was found. This species is characteristic of tropical or
subtropical areas.
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Samples from Core 2 (36-46.5 m) are barren except for
Section 2, 9-10 cm and the core catcher that contains a
poorly preserved upper Pliocene assemblage of the Discoas-
ter brouweri Zone. Nannofloras are rare to common and
contain reworked Upper Cretaceous and Cenozoic speci-
mens.

Moderately well preserved lower Pliocene assemblages
occur throughout Core 3 (64.5-74 m). The great abundance
of discoasters, such as D. brouweri and D. pentaradiatus
suggests warm-water conditions. Core 4 (102.5-112 m) con-
tains upper Miocene coccolith assemblages. Preservation is
moderate to good. Discoasters are abundant and sphenoliths
are common.

Coccoliths are very rare in Core 5 (150-159.5 m) except
for Sample 364-5-4, 9-10 cm (153 m) that contains an upper
lower Miocene assemblage. The concurrence of abundant
Sphenolithus heteromorphus, common Cyclococcolithina
mcintyreii, and rare Helicosphaera ampliaperta suggests
the assignment of this sample to the upper part of the
Helicosphaera ampliaperta Zone.

Samples of Cores 6 (197.5-207 m) and 7 (245-254.5 m)
are barren of calcareous nannofossils except for Sample 7,
CC that contains a moderately preserved middle Eocene
assemblage of the Nannotetrina fulgens Zone.

The lower Eocene Discoaster sublodoensis, Discoaster
lodoensis, and Tribrachiatus orthostylus zones are con-
densed in Core 8 (283-295.5 m). Coccoliths are abundant,
but are only moderately to poorly preserved.

Lowermost Eocene and Paleocene assemblages are pres-
ent in Cores 9 to 10. The great abundance of discoasters and
the poor preservation of placoliths suggest dissolution ef-
fects in this interval. Core 9 is assigned to the lower Eocene
Tribrachiatus contortus Zone, Core 10 contains the middle
Paleocene Heliolithus kleinpellii, Fasciculithus tym-
paniformis zones, and the lower Paleocene Cruciplacolithus
tenuis Zone.

Cores 11 to 12 (359-378 m) contain abundant but poorly
preserved coccolith assemblages which suggest an Upper
Cretaceous Maestrichtian age. Because of the absence of
diagnostic species a closer biostratigraphic assignment is
difficult. However, the absence of Micula mura and Lith-
raphidites quadratus might suggest an Arkhangelskiella
cymbiformis Zone age.

Cores 13 to 14 (397-435 m) are assigned to the upper
Campanian to lower Maestrichtian Tetralithus trifidus Zone
except for Sample 364-13-1, 40-41 cm, that is referred to
the lower Maestrichtian Arkhangelskiella cymbiformis Zone
based on the absence of Terralithus trifidus.

Cores 15 to 16 (463.5-511 m) yield assemblages includ-
ing Broinsonia parca and Eiffellithus eximius typical of the
Campanian Eiffellithus eximius Zone.

Cores 17 through 23, Section 1-3 (530-648 m) recovered
assemblages of the Marthasterites furcatus Zone which is
considered to be of Coniacian/Santonian age. Based on the
absence of M. furcatus, Section 4, 7-8 cm of Core 23 is
assigned to the lower Coniacian-upper Turonian Micula
staurophora Zone.

In the interval represented by Cores 24 to 33 (672.5-853
m), assemblages occur typical of the upper Albian Eiffel-
lithus turriseiffeli Zone. If the Cenomanian marker Lith-
raphidites alatus is absent for ecological reasons, Cenoma-
nian could be present in the upper part of this interval.
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Nannofossils are poor to moderately preserved; overgrowth
and fragmentation have affected some assemblages.

Cores 34 to 41 (Section 2, 139-141 cm) (872-1007 m)
contain coccoliths of the lower to middle Albian Predisco-
sphaera cretacea Zone. The lower part of Core 41 (Sections
3-6 and core catcher) and Core 42 (1007-1033.5 m) yield
only poorly preserved assemblages of the Aptian to Albian
Parhabdolithus angustus Zone. The presence of Hayesites
albiensis suggests a still lower Albian age.

Core 43 (1033.5-1043 m) is barren of calcareous nan-
nofossils.

Radiolarians

The core catcher of Core 6, which contains no foraminif-
ers or calcareous nannoplankton, has a radiolarian fauna
that includes Artophormis gracilis and Lithocyclia crux. Itis
assigned to the middle Oligocene Theocyrtis tuberosa Zone.

Cretaceous radiolarians that occur in Cores 23 to 27 and
in 35 are mostly poor in number and preservation. Con-
sequently, index forms are very scarce. Dictyomitra rotun-
data in Cores 25 and 26 is considered Cenomanian to upper
Albian. Acaemiotyle umbilicata which occurs in the same
cores but indicates lower Albian to upper Aptian we regard
as reworked.

Ammonites

The following six ammonite taxa occur in the Albian of
Site 364:
Puzosia quenstedti Samples 29-2, 26-29 c¢m, upper Al-
bian, see Figure 11.
Cainoceras n.sp. ex aff. liberum Sample 32-3, 60-64
cm, upper Albian)
Cainoceras aff. angustidorsatum (Section 37-1, top,
upper-middle Albian)
Mortoniceratidae gen. et sp. indet. (bottom of Section
37-2) upper to middle Albian)
Neokentroceras ? sp. (bottom of Section 37-2, upper to
middle Albian)
Hanmites tenuis (bottom of Section 37-2, upper to middle
Albian)
Of the four levels within which these ammonites were reco-
vered, two indicate upper Albian, and two upper to middle
Albian ages. These levels include several trachyostraceous
and one heteromorphic species, placing them in an inner
shelf to epicontinental environment, rather than a bathyal
one. This interpretation finds support in sedimentological
observations and by the presence of Placunopsis (Plate 2,
Figure 4 of Wiedmann and Neugebauer, supplementary
volume). Based on ammonites, the lower Albian is regarded
as the oldest marine sediment exposed in Angola. Ammo-
nites of this age however, were not found in the deeper
cores of Site 364. Their absence there may have resulted
from ecological factors or they may be so rare that none
were seen in the core material available.

Inocerami

Flattened molds of two specimens of Inoceramus sp. cf.
Inoceramus anglicus occur in Sample 39-5, 86-89 cm (Fig-
ure 12) and are described and illustrated by Matsumoto (this
volume).
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Palynomorphs

Of the 19 Cretaceous samples processed between Cores
21 and 435, all yielded frequent spores and pollen and rare
dinoflagellates. Most of them come from sapropels but
some also are in marly shales. Ephedroid and gymnosperm-
ous (Classopollis) pollen dominate in Cores 27-44, while
most of the flora in Cores 23-25 consists of poorly or-
namented tricolpate pollen with secondary abundance of
Ephedripites, Cretaceiporites, and Hexaporollenites. Little
attention has so far been paid to dinoflagellates in West
Africa and eastern South America. Their occurrence at Site
364 together with pollen and spores offers a good opportun-
ity to compare ages and ranges. Several dinoflagellate
species which were previously recorded and dated
elsewhere occur. They include Hystrichosphaeridium arun-
dum from the Albian of Europe and ‘‘Dioxya’’ villosa from
the middle and upper Albian of Australia.

General Remarks, Site 365

Site 365, located on the marginal escarpment of the An-
gola Basin some 20 miles southwest of Site 364, was chosen
to obtain a complementary section to Site 364; it was ex-
pected to bypass the upper part of the section at that site and
reach the elusive halite layer. However, these objectives
were not met and the hole terminated in upper Tertiary
sediments. In all, 687 meters of Recent to upper Tertiary
sediments were penetrated and seven cores taken from 225
meters down at widely spaced intervals.

Sections 1-5 of Core 1 (225-234.5 m) contain abundant
Recent to Pleistocene planktonic foraminifers. Only the
lower part of Section 6 and the core catcher carry older
(Upper Cretaceous) microfossils. These include benthic
foraminifers and calcareous nannoplankton, with Marthast-
erites furcatus dating the sediments as Santonian to Conia-
cian in age. It is evident that the Recent to Pleistocene part
of the core must come from the very top of the section. The
Cretaceous fossils of the lower part of Core 1 either are part
of a slump mass of that age or are reworked in the Tertiary.
This is proven by the presence of upper Tertiary microfos-
sils in Cores 4-7.

Core 2 (320-329.5 m) and Core 3 (396-405.5 m) are
closely comparable with the lower part of Core 1 in that
Cretaceous benthic foraminifers and calcareous nanno-
plankton of varying ages are abundant. Rare planktonic
foraminifers are also present, but only in the core catcher of
Core 3 are there numerous Hedbergella and Praeglobotrun-
cana species. A single specimen of Rotalipora apenninica
found with this fauna indicates the presence of Cenomanian
in the Angola Basin (it was not recovered at Site 364).

The basal part of Core 1, and Cores 2 and 3 consist
largely of dark brown to black partly sapropelic clay and
mudstones. Cores 4-7 (462.5-472 m, 510-519.5 m, 614-624
m, and 681-687 m) consist of greenish gray mudstones with
scattered fine sandy layers. These cores are quite different
lithologically from those above and are also characterized
by frequent small white specks which are primitive arenace-
ous foraminifers, mainly tubular Bathysiphon specimens.
This interval contains no Cretaceous calcareous foraminif-
ers or calcareous nannoplankton. Of special interest here are
the fairly abundant but pyritized radiolarians in Sample 7-1,
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Figure 11. The ammonite Puzosia cuenstedti, Site 364, Sample 29-2, 26-29 cm, upper Albian.

32-35 cm which are assigned to the middle Oligocene
Theocyrtis tuberosa Zone, the same age as found for the
radiolarians in the core catcher of Core 6, Site 364. Pollen,
spores, and dinoflagellates which occur in Cores 4 to 7 give
a still younger age, in the upper Tertiary, possibly upper
Miocene. Ichthyoliths in Cores 4-7 suggest a lower Miocene
to upper Oligocene age and diatoms in Core 7 an age not
older than Tertiary.

The radiolarians, diatoms, palynomorphs, and
ichthyoliths in Cores 4 to 7 are thus critical in defining the
age of the sediments in the lower part of the section
(462.5-487 m) as upper Tertiary. This proves that the Cre-
taceous microfossils encountered in Cores 1-3 are either
reworked in the upper Tertiary, or are part of masses of
Cretaceous sediments slumped from the nearby escarpment
into upper Tertiary sediments.

Biostratigraphy, Site 365

The general planktonic foraminiferal and calcareous nan-
noplankton zonation and correlation scheme for Site 365 is
given in Table 9. Extremely widely spaced coring, down-
hole slumping, reworking or slumping within the section,
and intervals devoid of diagnostic foraminifers and calcare-
ous nannoplankton, render Site 365 difficult for an accurate
biostratigraphic investigation. Despite this, three distinct
faunal units can be distinguished:

1) Core 1, Sections 1-5 with a rich Recent to Pleistocene
planktonic microfauna.

2) Core 1, Section 6, to Core 3, CC with foraminifers and
calcareous nannoplankton of different Cretaceous ages.

3) Cores 4 to 7 with upper Tertiary arenaceous foraminif-
ers, radiolarians, diatoms, palynomorphs, and ichthyoliths.

Faunal unit 2 contains foraminifers and calcareous nan-
noplankton of different Cretaceous ages. In Core 1, Section
6, and its core catcher, benthic foraminifers indicate a San-
tonian?- Campanian age, and nannoplankton a Coniacian to
Santonian age. Core 2, Section 3, is Albian to Cenomanian
on the basis of benthic foraminifers, and probably upper
Albian on nannoplankton.

Core 2, CC is again Campanian on the basis of benthic
foraminifers, and probably post-Santonian on nanno-
plankton. Finally, Core 3, CC is Albian to Coniacian on the
basis of benthic foraminifers, Cenomanian on planktonic
foraminifers, and upper Albian on nannoplankton. Indi-
vidual samples from Core 1, Section 6, to Core 3 contain
quite homogeneous faunas and floras, an indication that we
are probably dealing with sediment masses of different Cre-
taceous ages that slumped into younger Tertiary sediments.

The arenaceous foraminifers in Cores 4-7 are of little
stratigraphic significance, except for Cyclammina sp. which
points to a Tertiary age. The species association is that of a
deep water fauna. Of significance is the total absence of any
calcareous remains such as foraminifers or nannoplankton,
and the presence of quite abundant fish debris including
denticles. The absence of calcium carbonate and the amount
of fish remains point to a condensation of the sediment
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Figure 12. Inoceramus sp. cf. Inoceramus angelicus, Site 364, Sample 39-5, 86-89 cm.

TABLE 9

Correlation of Age Determinations in Site 365
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through CaCOs dissolution. No sediments directly compar-
able with those of Cores 4 to 7 were cored at nearby Site
364. The most similar sediments at Site 364, and on the
basis of radiolarians, most age-equivalent, are those of Core
6 which are also non-calcareous, and contain abundant
radiolarians and some fish debris.

Paleontology, Site 365

Because of their erratic and restricted occurrence and the
particular conditions of the section as pointed out above,
foraminifers and calcareous nannoplankton were not treated
in the same detailed way as in the other Leg 40 sites, and no
distribution charts are presented. Occurrences and ages of
the more important planktonic and benthic foraminifers are
therefore listed here. The following faunal and floral groups
of Site 365 are treated in special contributions in this vol-
ume (* = in supplement volume):

Tertiary radiolarians (Pisias and Moore)

Opal phytoplankton (Schrader)*

Late Tertiary palynomorphs (Partridge)

Ichthyoliths (Doyle, Dunsworth, and Riedel)*

Planktonic Foraminifera

The rich Recent to Pleistocene planktonic foraminiferal
fauna of Core 1, Sections 1-5, consists of abundant
Globorotalia menardii menardii, G. menardii cultrata,
Globigerinoides trilobus s.1., G. ruber (with many red col-
ored specimens), and Orbulina universa. Also present are
Globorotalia truncatulinoides truncatulinoides, G. tumida
tumida, G. duterirei, Pulleniatina obliquiloculata, and
others. The only other planktonic fauna of significance is
that of Cenomanian age in the core catcher of Core 3. In
addition to a single specimen of Roralipora apenninica, it
consists of Hedbergella delrioensis, H. portsdownensis, H.
costellata, Clavihedbergella simplicissima, Praeglobotrun-
cana delrioensis, P. stephani, P. stephani gibba, and
Rotalipora praebalernaensis.

Benthic foraminifers

Rare benthic foraminifers occur with the abundant
planktonic forms in Core 1, Sections 1-5. The following are
the more important Cretaceous benthic species from Core 1,
Section 6 to Core 3, core catcher (kindly determined by
J. P. Beckmann):

Sample 1-6, 82-84 cm: Bathysiphon sp., Recurvoides
sp., Glomospira sp., Trochammina sp. The preserva-
tion of these specimens is similar to that found in the
arenaceous forms of Cores 4-7, which are upper Ter-
tiary.

Sample 1-6, 127-129 cm: Bathysiphon sp., Spiroplec-
tammina dentata (Alth), Gyroidina cf. rumoiensis
Takayanagy, Gyroidina sp., Conorbina cf. marginata
Brotzen, Osangularia sp., Age: Santonian to ?Cam-
panian, fauna possibly heterogeneous.

Sample 1, CC (gray sediment): Clavulina gabonica Le
Calvez, de Klasz, and Brun, Gyroidina cf. grahami
(Martin), Conorbina cf. marginata Brotzen,
Gavelinella sp. (? costata Brotzen), ?Osangularia sp.
Age: About Santonian to Campanian.

Sample 1, CC (red sediment): Clavulina gabonica,
Tritaxia cf. insignis (Plummer), Dorothia cf. oxycona
(Reuss), Spiroplectammina dentata, Aragonia ouez-
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zanensis (Rey), Vaginulinopsis sp., Conorbina cf.
marginata, Globorotalites conicus (Carsey),
Gavelinella sp. aff. daini (Schijfsma), Gyroidina cf.
grahami, Gyroidina cf. rumoiensis. Age: About San-
tonian to Campanian.

Sample 2-3, 41-43 cm: Clavulina cf. gabonica,
Gyroidina sp. (high globular), Gyreidina sp.,
Dorothia oxycona, Gavelinella sp., Textularia sp.
Age: Albian to Cenomanian (fauna similar to that of
the Cenomanian Gautier Formation of Trinidad, West
Indies).

Sample 2-3, 60-62 cm: ?Plectina sp., Textularia sp.,
Gyroidina mauretanica. Age: Albian to Cenomanian.

Sample 2, CC: Dorothia trochoides (Marsson),
Clavulina cf. gabonica, Spiroplectammina dentata,
Lenticulina sp., Conorbina cf. marginata, ?Nuttal-
linella sp., Reussella szajnochae (Grzbovsky). Age:
approximately Campanian.

Sample 3, CC: "Gavelinella sp., Gyroidina mauretanica
Charbonnier, Clavulina gabonica Le Calvez, de
Klasz, and Brun, ?Tritaxia sp., MTrochammina sp.,
7Gaudryina sp., ?Ellipsoglandulina sp., Textularia or
Spiroplectammina sp., Lenticulina spp. Age: Albian
to Coniacian.

The foraminiferal fauna of Cores 4-7 consists of primitive
arenaceous forms with Rhizammininae, and with tubular
forms of Bathysiphon type dominant. Glomospira sp.,
Trochammina sp., and very rare Cyclammina sp. also oc-
cur. The Glomospira specimens are as usual composed of
very fine material, have a shiny surface, and are well pre-
served. The walls of the other genera are made of fine
quartz grains, giving the tests a whitish, sugary appearance.
Specimens are very delicate and break up easily during pre-
paration, in particular after drying of the sediment. This is
especially true for the Trochammina and Cyclammina
specimens. The tubes of the Rhizammininae often show up
as small white specks on the surface of the dark greenish
gray sediment.

Calcareous Nannoplankton

Sections 1-5 of Core 1 (225-234.5 m) contain Quaternary
coccoliths. This interval entered the core barrel near the
mud line and was carried down to the coring depth. Only
parts of Section 6 and the core catcher represent the sedi-
ments in situ. There they are characterized by moderately to
poorly preserved nannofloras with Marthasterites furcatus
suggesting a Santonian to Coniacian age.

Core 2 contains assemblages of probably upper Albian in
Section 3, while the core catcher seems to be younger,
probably post-Santonian, based on the presence of Micula
staurophora and the absence of the solution-resistant Lithas-
trinus floralis.

Sections 1-3 of Core 3 are barren of calcareous nannofos-
sils, but two core-catcher samples examined from this core
contain nannofossils. The two are of different lithologies.
The light colored one contains abundant, moderately pre-
served nannofloras of upper Albian age. The dark one has
abundant coccolith fragments which suggest strong dissolu-
tion effects.

Core 4 does not contain coccoliths except for some very
rare Watznaueria. But small fragments are abundant in the
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catcher of this core. Cores 5 to 7 are totally barren of cal-
careous nannofossils.

Radiolarians

Of great importance for the dating of the lower part of the
section (Cores 4-7) is a pyritized radiolarian fauna in Sam-
ple 7-1, 32-35 cm. The fauna includes Artophormis
gracilis, Lithocyclia angustum, L. crux, and Dorcadospyris
spp. from which it is assigned to the middle Oligocene
Theocyrtis tuberosa Zone. Though the zonal marker is ab-
sent, the zone is determined by the presence of Lithocyclia
angustum and L. crux.

Opal Phytoplankton

A well-preserved Recent to Pleistocene tropical diatom
assemblage with Pseudoeunotia doliolus and Thalassiosira
oestrupida occurs in Core 1-1, 79-80 cm. The samples in-
vestigated from Cores 2 to 6 contain no opal phytoplankton.
Samples 7-1, 24-25 cm and 7-2, 37-38 cm contain poorly
preserved Stephanopyxis aff. turris, Coscinodiscus aff. di-
visus , and Coscinodiscus aff. marginatus. Their age is ten-
tatively assumed to be not older than Tertiary.

Palynomorphs

Samples from Cores 3-7 were investigated for dinoflagel-
lates, acritarchs, spores, and pollen. Core 3 contains an
Upper Cretaceous flora whose age agrees with that of the
foraminifers and calcareous nannoplankton. The as-
semblage of Cores 4 to 7 is interpreted as having a general
upper Tertiary age, probably upper Miocene. The lower age
limit of this Neogene flora is determined by the common
occurrence in all samples of the family Compositae. The
most abundant species is Tubulifloridites sp., a form similar
to the Recent genera Mutisia L. and Echinops L. Other
Compositae present but not as abundant are Tubulifloridites
antipodica and Fenestrites spinosus. Acaciapollenites
myriosporites, Polyadopollenites sp., Echiperiporites es-
telae, Chenopodipollis sp., Marginipollis concinnus, and
Monaoporites sp. are other pollen that favor a young Tertiary
age.

Ichthyoliths

Fish debris is quite abundant in Cores 4-7, where 26
subtypes of ichthyoliths have been distinguished (Doyle et
al., supplement volume). From previous reports, most of
these are known to occur in the Oligocene/Miocene, with
several of the subtypes present in Cores 4 to 7 known only
from this interval. The ichthyoliths thus confirm the
Oligocene to Miocene age of these cores as determined by
radiolarians and palynomorphs.

SEDIMENTATION AND ACCUMULATION RATES,
SITES 364 AND 365

Procedures for deriving sedimentation and accumulation
rates curves are described in Chapter 2 (this volume). Figure
13 presents plots of age versus depth; CaCQOs3 versus depth;
the per cent of sand, silt, and clay versus depth; and derived
sedimentation and accumulation rate curves versus depth for
Site 364. No such curves are presented for Site 365 which
was too sparsely cored for the exercise to be meaningful.
Again, uniform sedimentation rates are assumed between
zonal boundaries and are interpolated at 1-m.y. intervals.
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Again this results in artificially “‘stepped’” accumulation
rate curves for the Cretaceous, where zonal boundaries are
far apart chronologically.

The mean sedimentation rate at Site 364 has been 9.49
m/m.y., lower only than Site 363 of all the Leg 40 sites.
Notwithstanding a long Eocene to Miocene hiatus in the
section, sedimentation rates have been nearly this low or
lower since the late Albian. Only in the deposition of Unit 6
(18.8 m/m.y.) and Unit 7 (42.3 m/m.y.) have sedimentation
rates been higher.

Because of the long Tertiary hiatus, possibly caused by
single erosional events, and represented in profiler records
by an angular unconformity, there is no way of knowing
whether carbonate accumulation rate maxima occurred in
the Miocene as they did at Sites 360, 362, and 363. There
was a jump in carbonate accumulation in the early Eocene,
however, which may represent part of the same broad
Eocene maximum that occurred at Sites 360, 361, 362, and
363. Two generalized Cretaceous maxima occur, one just
above the evaporites in the Unit 7 dolomites, the other
straddling a sequence of black shales alternating with
dolomitic limestones (Unit 5) and brown shales with limes-
tones (Unit 4). A probable disconformity occurs in Unit 5
where the Cenomanian and Turonian are missing. Part of
this interval could be present, however, if the Cenomanian
marker fossil Lithraphidites alatus were absent for ecologi-
cal reasons.

CORRELATION OF REFLECTION PROFILE WITH
DRILLING RESULTS

Site 364

Six acoustic units are recognized on the Charcot reflec-
tion profile on which Site 364 has been projected (see Fi-
gure 14 and Table 10).

The base of Acoustic Unit I (Reflector Davy of Emery et
al., 1975) occurs in Core 7 and marks a transition in the
Eocene from low-carbonate muds of Lithologic Unit 3 to
high-carbonate oozes and chalks of Lithologic Unit 4 (see
Figure 15). At Site 361 in the Cape Basin, Reflector Davy is
Paleocene in age and corresponds with a laterally extensive
marly chalk horizon.

The base of Acoustic Unit II (Reflector AIl of Emery et
al., 1975) occurs between Cores 19 and 20 and marks the
top of a sapropel sequence corresponding to Lithologic Unit
5, which is Campanian-Santonian in age. At Site 361, Re-
flector AIl is Aptian in age, and also corresponds with the
top of a sapropelic unit. The two major reflecting horizons

TABLE 10
Interval Velocities for Acoustic Units of Site 364

Time to Base® Depth to Base Velocity

Acoustic Unit (sec) (m) (km/sec)
1 0.29 250 12
11 0.62 580 2.00
11 0.73 710 2.36
v 0.925 1025 3.23
v &~ 2.4 >4100 4.0

4Times measured on Glomar Challenger seismic profile at the
drill site.
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Figure 13. Biostratigraphic zonation, sedimentation rates, accumulation rates, and the proportion of sand to silt and clay

at Site 364.

of Emery et al. (1975) thus have different ages in the Cape
and Angola basins, although the cause of the reflectors is
much the same in both basins.

The base of Acoustic Unit III occurs between Cores 25
and 26 and marks the base of the above-mentioned sapropel
sequence.

The base of Acoustic Unit IV corresponds to the top of a
dolomitic unit in Core 42 at which level a major drilling
break was recorded. Apparently, the top of the salt layer is
only tens of meters below this dolomitic facies in which the
drilling was halted at 1085 meters.

The base of Acoustic Unit V corresponds to the base of
the massive salt layer and the top of the acoustic basement.

Acoustic Unit VI is the acoustic basement which occurs
at this site coincident with magnetic anomaly M-4 of Aptian
age.

Site 365

No correlations are made to seismic reflectors at Site 365
because the cores were so widely spaced.

SUMMARY AND CONCLUSIONS

Site 364 is located in the Angola Basin atop a plateau
some 10 km to the east of an abrupt escarpment that marks
the presumed outer limit of a massive layer of salt and
evaporites along the continental margin of southwest Af-
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Figure 14. Correlation of acoustic units and reflecting hor-
izons of the Jean Charcot profile Walda 21 of Figure 2,
to the recovered lithologic column.

rica. The site is 3 km north of Jean Charcot profile Walda
21, Record 288, 12 July at 0245 hours, latitude 11°34'S,
longitude 11°58'E. It was drilled in 2448 meters of water to
a depth of 1086 meters sub-bottom where it had to be aban-
doned because of bit failure only an estimated few tens of
meters above the evaporites. Pore water salinities at this
point were over 70 parts per mille. The sediments penet-
rated a range in age from late Aptian to Pleistocene.

Site 365 was drilled in 3018 meters of water, along the
base of the eastern wall of a partly filled submarine canyon
some 10 km southwest of Site 364. The site was selected in
an attempt to bypass the hard limestones which dulled our
bit at Site 364, and reach the evaporite body underlying the
surficial kilometer of sediments on the marginal plateau.
Site 365 is on Jean Charcot profile Walda 21, Record 287,
12 July at 0145 hours, latitude 11°39’S, longitude 11°54'E.
It was drilled to a depth of 687 meters sub-bottom where it
had to be abandoned to meet the scheduled arrival time in
Abidjan, Ivory Coast. Only seven cores were taken at
widely spaced intervals. The evaporite body was not
reached, although interstitial water salinities were over 120
parts per mille.

We recognize seven lithologic units at Site 364 which
record the history of opening of the South Atlantic north of
Walvis Ridge, the history of circulation of seawater, the
development of microfossil assemblages in the Angola Ba-
sin, and the evolution of the Angola Basin marginal plateau
since the late Aptian, shortly after cessation of evaporite
deposition. The seven cores of Site 365 represent five
lithologic units. These bear mainly on the development of a
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Tertiary erosional episode which cut canyons into the
evaporite deposit and which is evidenced by a marked
change in style and acoustic signature of sediments ob-
served in profiler records across the flatter parts of the mar-
ginal plateau. This episode is seen at Site 364 as a break in
sedimentation or an erosional gap in which up to 16 million
years accumulation of sediments are missing.

The lower four units at Site 364 range in age from late
Aptian(?) to Eocene. The bulk of the sediments at Site 364
(over 700 m) are Cretaceous in age, beginning at about the
middle of Unit 4. Within this interval, two of the lithologic
units (5 and 7) contain carbonates or marly carbonates inter-
bedded with black, putrid, finely laminated sapropels with
up to 15 per cent organic carbon and abundant pyrite. The
lowest unit, Unit 7, presumably directly overlies the evapo-
rite sequence, and is late Aptian-early Albian in age. The
other sapropelic unit, Unit 5, is Coniacian-Santonian to late
Albian in age. Unit 7, but not Unit 5, is characterized by
dolomitic limestone and finely laminated, almost varved
black shales and marly limestones. Unit 5 black shales are
interbedded with burrowed limestones. Unit 6, which lacks
sapropels, is mainly late Aptian-early Albian to mid-Albian
massive limestone with stylolitic seams and ‘‘marble’’
structure. Units 6 and 7 accumulated at rapid rates of 18.8
and 42.3 m/m.y., respectively.

This Cretaceous sequence is of greatest importance for
the history of circulation and continental margin develop-
ment in the Angola Basin. At the time of our early summary
of Leg 40 results (Bolli, Ryan, et al., 1975), we argued that
the Angola Basin sapropels reflected a transition from very
restricted evaporite conditions of sedimentation to one
slightly less restricted, but by no means open, namely
euxinic conditions of bottom stagnation and oxygen starva-
tion. But since Site 364 was shallow in the Cretaceous, it is
also possible that the carbonaceous sediments were the re-
sult of an oxygen minimum (Arthur, 1976; Thiede and van
Andel, 1977). In this situation, high productivity would
have exhausted the oxygen content of fairly shallow water
masses; sediments deposited within these water masses
would therefore have been carbonaceous. Oxygenated con-
ditions would have prevailed above and below the oxygen
depleted zone, allowing oxidation and eventual solution of
most organic carbon before it was deposited in the sedi-
ments.

Our work since Leg 40 reaffirms our original contention
that the Angola Basin was euxinic. The arguments for this
rather than a prolonged oxygen minimum are geological,
paleontological, and mineralogical.

1) The results of Site 363 establish that Walvis Ridge has
been high standing since the Early Cretaceous. In Chapter
3, we presented arguments that the Sao Paulo and Frio
ridges were once joined but were sundered and separated
along an east-west-trending transform fault which left major
scarps on opposing sides of the two ridges. When the two
ridges were joined, the median trough of the Mid-Atlantic
Ridge north of Walvis Ridge was to the north and east of
Site 363. Between the site and the trough was the wide,
shallow salt plateau now on the Brazilian side of the South
Atlantic. Until a passage for water opened along the trans-
form fault, the only way water could get from the Cape
Basin into the Angola Basin was over both Walvis Ridge
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Figure 15. Correlation of anoxic events at various DSDP sites in the South Atlantic using nannofossil biostratigraphy. Sites
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into the Cape Basin (resulting in transport of pollen to Site

and the salt plateau. A more isolated segment of an active
spreading center, yet one still receiving a supply of ocean
water, can hardly be imagined.

2) The oldest sediments at Site 361 are Aptian sapropels
deposited in the deepest parts of the Cape Basin at a time
when evaporites were accumulating in the Angola Basin.
Euxinic conditions developed in the Angola Basin before
they broke up in the Cape Basin (see Figure 15), and per-
sisted later, well into the Albian. This implies a gradual
transition from evaporitic to oxygenated conditions in the
Angola Basin, a logical consequence of gradual widening of
the South Atlantic consistent with its degree of isolation
from the world ocean.

3) Evidence for this isolation is largely paleontological,
namely that only Austral-boreal planktonic and benthic
foraminifers were deposited in Site 364 sediments until the
Late Cretaceous (Caron, this volume; Scheibnerova, this
volume). This confirms the results of Premoli-Silva and
Boersma (1977) on Cretaceous sediments from Site 356 in

361) are indicated by dots.

the Brazil Basin. No warm-water assemblages worked their
way into either the Angola or Brazil basins until the bulge of
West Africa was fully separated from the north coast of
Brazil, probably in Turonian times.

4) Oxygen minima are usually observed in areas of high
productivity, yet Aptian-Albian planktonic foraminifers at
Site 364 are dwarf forms, implying restricted conditions for
growth in surface waters at that time.

5) Bottom-water conditions during both periods of sap-
ropel deposition were inimical to much bottom life, since
burrows and bioturbation are absent in the shales. But
whereas burrows are absent even in interbedded dolomites
in the first interval of sapropel sedimentation at Site 364, in
the second interval they are abundant in the interbedded
limestones. The first interval of sapropelic sedimentation
was therefore more intensely anoxic, more relentlessly
poisonous to bottom life than the second. In the first inter-
val, shaly layers alternate with thin carbonate laminae in a
varve-like fashion. The second interval appears to have
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been more cyclic, with anoxic conditions alternating with
better ventilated conditions. In neither period of anoxic
conditions is there evidence for vigorous current activity.
The first period of sapropel sedimentation we therefore con-
sider to be one of gradual ventilation of the Angola Basin,
the equivalent of the deposition of dolomites and car-
bonaceous shales above evaporites in the Red Sea at DSDP
Sites 225, 227, and 228 (Stoffers and Ross, 1974; Supko et
al., 1974). The second period of anoxic sedimentation at
Site 364 is more problematic because of its cyclicity. Alter-
nating conditions of density stratification are required.
Pliocene and Quaternary sediments in the eastern Mediter-
ranean have a somewhat similar alternation of sapropels and
carbonate oozes (Ryan, Hsii, et al., 1973), but apparently
the periods of most pronounced stagnation are at least partly
related to episodes of heightened supply of light, fresh melt
waters from glaciers. We have no comparable source of
fresh waters for the Cretaceous South Atlantic. But a Red
Sea circulation model could still apply, though perhaps not
in the most obvious way. Today, the Red Sea is oxygenated
by the very vigor of its thermohaline circulation. Rates of
evaporation are so high at its northern end that the dense,
saline waters so created sink and literally flush the basin
once every 20 years (Siedler, 1969). If we imagine that
climatic conditions could fluctuate so that evaporation rates
could slow, then either (a) residence times could be in-
creased, allowing oxygen depletion to occur, or (b) surface
waters would not be as dense, and would settle to shallower
density levels, above stagnant anoxic bottom waters. A Red
Sea-type circulation model is thus completely sufficient to
explain the sedimentary facies of Site 364.

6) With access of water only from the south, warmer
temperature prevailing over the Angola Basin than the Cape
Basin (Morgan, this volume), and the presence of a barrier
across the Mid-Atlantic Ridge including Walvis Ridge and
the Sao Paulo Plateau, there seems little chance that a cold
deep-water mass could have reached the Angola Basin to
promote the circulation needed to cause nutrient-rich waters
to well up. This would have limited productivity, and thus
the potential for an oxygen minimum. Instead a circulation
system analogous to paired linked basins separated by high
sills (such as the Balearic and Ionian basins in the Mediter-
ranean, or the Mediterranean-Black Sea basins) seems more
likely (Natland, this volume; McCoy and Zimmerman,
1977).

7) Sapropelic sediments at Site 364 contain evidence for
mineral precipitation or diagenesis in waters of high
salinities. These are (a) the authigenic mineral assemblage
in the sapropelic shales of kaolinite, illite, and phillipsite
(Siesser and Bremner, this volume) requiring elevated
Na+/K+ (Natland, this volume); and (b) high Na- and Fe-
dolomite rhombs in associated dolomitic limestones analog-
ous to Red Sea dolomite (Matsumoto et al., this volume).
These dolomite rhombs replace calcite, much of which
might have had a chemical rather than biogenic origin since
the limestones are poor in calcareous microfossils. The orig-
inal calcite may have formed in a manner similar to Fried-
man’s (1972) Red Sea deep-water evaporite facies, wherein
gypsum reaching the sea floor is degraded by bacteria to
calcite and hydrogen sulfide (Natland, this volume).

With these arguments for euxinic conditions in the Cre-
taceous Angola Basin now stated, we can summarize the
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interrelationships among the various DSDP sites in the
South Atlantic which have reached Aptian and Albian sedi-
ments. Some of this has already been presented in the
Summary and Conclusions sections of Chapters 2 and 3 of
this volume, and other pertinent information and discussion
is in Deep Sea Drilling Project Initial Reports Volumes 36
and 39. The pertinent data are presented on Figure 15. We
would like to emphasize the following points.

1) Anoxic conditions ceased at Sites 327/330 on the Falk-
land Plateau and Site 361 in the Cape Basin in the same
fossil zone. This implies that anoxic conditions at the two
locations were linked (occurred in the same basin). The
difference in depths between the two locations suggests that
the anoxic water mass was at least 2200 meters deep. To-
day, Site 361 is anomalously shallow, perhaps because of
Paleogene uplift (see Chapter 2, this volume). A more
reasonable estimate of the depth of the anoxic water mass is
therefore closer to 3000 meters.

2) Dolomitic limestones occur in the late Aptian and Al-
bian of Sites 363, 356, and 364. This is the south-to-north
geographic order for these sites in Albian times (Figure 36
of Chapter 3, this volume), and implies that unusually saline
water prevailed at all three sites. This is supported by inde-
pendent mineralogical arguments for Sites 363 (Chapter 3,
this volume) and 364 (Matsumoto et al., this volume).
Localized (i.e., lagoonal) dolomitization environments for
Sites 356 and 363 are thus unlikely, and a more regional
highly saline environment (water trapped behind the
Walvis-Sao Paulo Ridge) is consequently favored.

3) Anoxic conditions at Site 364 were effectively con-
tinuous from the Aptian to the Coniacian-Santonian. A brief
interval in the Albian has no sapropels, but this may merely
mean that the site was briefly above the top of an anoxic
water mass. The later interval of sapropelic sedimentation
was, of course, cyclic, implying episodic stagnation and
oxygenation.

4) A marked period of currents over Walvis-Sao Paulo
Ridge and in the Cape Basin followed breakup of anoxic
conditions at Sites 327/330 and 361. Much of this current
activity could have been generated by spillage of dense,
highly saline, periodically anoxic waters over Walvis-Sdo
Paulo Ridge from the Angola Basin (Natland, this volume).
This may be tied to cyclic flushing of anoxic waters between
intervals of sapropel deposition at Site 364. A facies change
to a more basaltic provenance occurred at Site 361, appa-
rently the result of currents sweeping fine clays and silts
from the vicinity of the Orange River delta, the nearest
source of sediments with a major Karroo basalt sourceland
(Natland, this volume). In addition, a diverse (more tropi-
cal) pollen assemblage was also supplied to Site 361 in the
Turonian (MacLachlan and Pieterse, this volume), and this,
too, had to come from the north.

5) Both this diverse pollen assemblage and, respectively,
possible and certain intervals of carbonaceous sedimenta-
tion at Sites 363 and 356 (Walvis-Sdo Paulo Ridge) occur-
red during the interval of cyclic sapropel sedimentation at
Site 364. The Cenomanian-Turonian portion of the section
at all three sites may be unrecognizable because the marker
nannofossil could be missing for ecological reasons
(Proto-Decima et al., this volume). The hiatus at Site 363,
though, seems too long to explain in this way. Additional
erosion is required. All in all, though, the data allow us to



speculate that anoxic waters in the Angola Basin swept ac-
ross Walvis-Sao Paulo Ridge, allowing carbonaceous sedi-
ments to be deposited on it, and periodically eroding it or
dumping coarse clastic sediments on it (Site 356). Perhaps
organic matter was carried all the way to Site 361. The
termination of anoxic conditions at Sites 356 and 364 in the
same nannofossil zone supports this, and is further evidence
against an oxygen minimum explanation for the carbonace-
ous sediments. By this time in the Late Cretaceous, the two
sites were on opposite sides of a South Atlantic ocean basin
wider by about 500 km than in the Albian. The conditions
that would have promoted an oxygen minimum are hardly
likely to have operated for such a length of time and to have
ceased simultaneously on both sides of the South Atlantic.

6) With cessation of anoxic conditions north of Walvis-
Sao Paulo Ridge, currents at Sites 361 and 363 persisted
through most of the remainder of the Cretaceous. Then
tranquil conditions set in at all sites until the Tertiary clima-
tic deterioration and development of Antarctic Bottom Wat-
ers began. Were it not for this, the normal condition of the
South Atlantic would be one of weak bottom currents and
little erosion. This in itself is an argument that the current
systems which were so strong in the much more restricted
Cretaceous South Atlantic were generated within that basin,
that the principal dynamic features of that circulation were
thermohaline, driven by a high rate of evaporation over the
Angola and Brazil basins. There is no other plausible
mechanism for producing vigorous currents in the Cretace-
ous. The intervals of carbonaceous sedimentation at the var-
ious sites are linked to the sedimentary history of the other
sites by the vicissitudes of this thermohaline circulation.
Only a euxinic model successfully links all the aspects of
Cretaceous sedimentation at all the sites represented on Fig-
ure 15.

Although the deep evaporite objective was not reached at
either Sites 364 or 365, the high pore water salinities are
evidence that we must indeed have been very close to salt at
both sites. These salinities were not exceptionally high in
the upper sapropel-dolomitic limestone sequence nor in the
upper part of the deeper one (Sotelo and Gieskes, this vol-
ume), hence, it is doubtful that high interstitial water
salinities were responsible for the diagenetic formation of
the dolomite or the clay-zeolite minerals in the carbonace-
ous shales. At Site 365, the high interstitial water salinities
appear to have resulted from lateral migration of saline pore
fluids from the incised walls of the canyon cut through to
the salt, into the Tertiary clays filling the canyon.

Thiede and van Andel (1977) propose that migration of
the Angola Basin salts occurred between the times of depos-
ition of the two sapropelic units, between about 80 and 90
million years ago during the time of deposition of Unit 6.
This salt migration would have been seaward, uplifting car-
bonates and sapropels atop the evaporites, countering the
effects of cooling and subsidence of the oceanic lithosphere,
and keeping Site 364 within their proposed oxygen
minimum zone of water. Paleontological evidence, how-
ever, summarized earlier in this chapter, indicates that Site
364 was at fairly shallow outer shelf or shelf break depths at
the time of the first sapropel deposition, i.e., no more than
500 meters deep. Given that Site 364 and the underlying salt
are on oceanic crust, which was extruded probably at about

ANGOLA CONTINENTAL MARGIN — SITES 364 AND 365

2500 meters water depth, and that this crust may have sub-
sided to 3000 meters by the end of evaporite deposition,
then most of the 3 km of salt presently beneath Site 364
must have been there at that time. Some isostatic compensa-
tion would have carried the top of the salt a few hundred
meters below sea level during the time of deposition of the
first carbonaceous sediments.

There is no evidence for disturbance of sediments by the
postulated salt migration between 80 and 90 million years
ago. Our drilling results confirm interpretations of reflection
profile records that sedimentation over the evaporites was
essentially flat and conformable from the Aptian until the
Paleogene.

We have no evidence bearing on the question whether
evaporites beneath Site 364 were deposited either intrati-
dally or in fairly deep water. Correlation of sediment physi-
cal properties with reflection records indicates that drilling
at Site 364 terminated extremely close to if not actually
below the pronounced reflector we presumed to be the top
of the evaporites. This hole may have ended in a local
depression in the salt not resolvable from the surface. The
sediments we recovered in the deepest cores at Site 364
suggest outer-shelf or shelf-break depths, neither shallow
enough nor deep enough to argue for or against desiccation
of the Angola Basin as a cause of evaporite deposition.

Because of the isolation of the Angola Basin during most
of the Cretaceous, and because Site 364 has been on a
continental margin salt plateau since that time, it is difficult
to derive a meaningful history of the carbonate compensa-
tion depth pertinent to the entire Angola Basin. The Tertiary
unconformity at Site 364 allows no comparison with possi-
ble dissolution cycles found at Sites 360 and 362 in the
Miocene.

Understanding the behavior of the CCD in the Cretaceous
is complicated by difficulties in evaluating the state of pre-
servation of calcareous microfossils. Limestones associated
with carbonaceous shales are extensively dolomitized and,
as just discussed, may represent chemical precipitates rather
than deposits of calcareous microfossil tests. Both primary
and diagenetic features of the limestones might therefore be
misinterpreted as representing poor calcareous microfossil
preservation, hence, implying extensive calcium carbonate
dissolution. During deposition of Units 6 and 4, respec-
tively, after the Aptian-Albian and Coniacian-Santonian
sapropel sequences, preservation of calcareous microfossils
was better and sediment accumulation rates high. Unit 6 is
primarily massive limestone deposited at a rate of 18.8
m/m.y. Unit 7 sediment accumulation rates were higher
than this partly because of greater terrigenous input, preser-
vation of all organic carbon, and perhaps the formation of
extensive chemical precipitates of calcium carbonate. Both
CaCOs and non-CaCOs accumulation rates were higher for
Unit 7 than Unit 6 (Figures 16 and 17).

Elevation of the CCD at Sites 364 and 365 seems most
firmly established for the end of the Cretaceous, where part
of the Maestrichtian is missing. CaCOs accumulation rates
were low (Figure 16), and calcareous microfossils are
poorly preserved. A less certain hiatus or erosional break
may have occurred in the Cenomanian. However, the criti-
cal Cenomanian marker fossil Lithraphidites alatus may be
missing for ecological reasons, and a Cenomanian
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Figure 16. CaCO 3 accumulation rates versus age, Sites 360-364.

planktonic foraminifer assemblage is present in allochthon-
ous material at Site 365 (Caron, this volume).
Palynomorphs of Cenomanian age also occur at Site 364.
These tend to suggest little or no break in sedimentation at
this time, but are difficult to translate directly into the ac-
cumulation rate curves for Site 364 (Figures 16 and 17)
because of uncertainties of correlation among fossil groups
and between holes.

Evidence for an elevated CCD at the end of the Cretace-
ous was also present at Site 363 on Walvis Ridge, in the
form of enhanced dissolution of calcareous microfossils
(Chapter 3, this volume), and at Site 361 in the Cape Basin,
which was much deeper than either Sites 363 or 364, where
pelagic clays were deposited at this time. These patterns of
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sedimentation may be related to an apparent worldwide rise
in the CCD (Worsley, 1974), and, because all three sites
were affected, imply that the South Atlantic had achieved
sufficient interchange of waters with the world ocean to be
influenced by worldwide, rather than merely local,
oceanographic conditions.

Whether the CCD rose in the middle Eocene at Site 364 is
obscured somewhat by a number of factors. The Eocene-
Miocene gap in sedimentation coincides in time with a
change in the pattern of sedimentation on the Angola margi-
nal plateau. Portions of the plateau were eroded, including
the submarine canyon where Site 365 was placed. Erosional
debris from Africa was more quickly added to the margin as
prograded deltas and fan deposits. Dingle (1973) attributes
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similar heightened sediment supply and incision of canyons
into the continental margin west of Cape Town to a major
late Eocene regression. This regression does not coincide
with any known period of epeirogenic uplift of portions of
continental Africa (Siesser, this volume). It may be related
to development of the Antarctic ice cap.

On the other hand, Miocene elevation of the rift plateaus
of East Africa (King, 1971) was instrumental in establishing
the Congo River drainage. This was part of the ‘‘Post-

African’’ erosional event of King (1967), which created the
largest erosion surface in Africa. Terrigenous material from
the Congo River may be included in the topmost cores of
Site 364. The Eocene-Miocene gap at Site 364 could have
resulted from a Miocene erosional event related to this up-
lift.

A factor which also may have reduced the influx of ter-
rigenous material to Site 364 in the Paleogene and early
Neogene could have been the formation of salt diapirs and
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arches, which could have blocked or diverted the increased
supply of terrigenous material from Africa. Nettleton (1934)
estimated that salt diapirism requires 600 meters of over-
burden, a thickness which was reached at Site 364 in the
Eocene, and earlier toward land.

The combination of incision of canyons within 10 km of
Site 364, epeirogenic movements, and salt diapirism may
have triggered creep of near-surface sediments downslope
toward the canyons or the shelf break, thus removing all or
part of the sediments represented by the 16 million year
hiatus. This type of “‘mass wasting’’ may be promoted at
depths where carbonate dissolution is pronounced (Berger
and Johnson, 1976), which was the case at Site 364 at this
time. Berger and Johnson discovered that it can also occur
in thin flat sheets, such as on the Ontong-Java Plateau,
where 50 meters of surface sediments are missing along a
200 km transect of nearly flat-lying carbonates. This would
explain the apparent disconformable relationship of sedi-
ments above the discontinuity to those below. The physical
basis for this type of movement is uncertain, and we have no
data bearing on it for Site 364. But this mechanism at least
does not force us to hypothesize bottom currents as a
mechanism for erosion when we have no other sedimen-
tological evidence for them. And it provides us an explana-
tion for why terrigenous supply to the site was seemingly
unusually low at a time of heightened erosion on land, prog-
radation of deltas, cutting of canyons, and building of sub-
marine fans. On the other hand, cutting of canyons may
have served to isolate Site 364 from much of its previous
terrigenous sediment supply, more simply explaining the
very low sediment accumulation rate.

The Eocene regression, though, may have intensified bot-
tom currents by the Oligocene (Siesser, this volume). The
final separation of Antarctica from Australia and the forma-
tion of the Circum-Antarctic current date from about this
time (Kennett et al., 1975). Siesser (this volume) suggests
that enough cold water was flowing into the South Atlantic
by the Oligocene to initiate the Benguela current, which
wells up south of Walvis Ridge, and was apparently respon-
sible for the harshening of arid climatic conditions in
southwest Africa (Namibia) and Angola at this time.

The combination of influx of cold corrosive waters into
the South Atlantic, and high productivity associated with
upwelling may have promoted a local rise in the CCD at Site
362 in the Eocene and again in the Miocene (Melguen, this
volume). The latter of these episodes may be related to
development of the ice shelves around Antarctica, and
hence the initiation of the Antarctic Bottom Current
(McCoy and Zimmerman, 1977). But today, little of this
cold water reaches the Angola Basin, which consequently
has the deepest CCD in the South Atlantic (Connary and
Ewing, 1974). It is difficult then, to attribute nondeposition
of carbonate at Sites 364 and 365 in the Eocene-Miocene
either to a pronounced influx of cold waters, or to
heightened productivity associated with upwelling of cold
waters, especially when the present current system (i.e., the
Benguela) seems to have been established in the Oligocene.
Perhaps the answer to this riddle lies toward the other ex-
treme, that productivity was low. With a decreased input of
terrigenous material as well (clay deposition at both Sites
364 and 365), the residence time of undissolved calcareous
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microfossil tests on the sea floor before burial would have
been high, allowing extensive dissolution at Site 364, and
total dissolution at Site 365, which was about 800 meters
deeper. The alternative is that much more cold water en-
tered the Angola Basin in the Eocene to Miocene time
period than now. This would require major gaps in the
barriers around the Angola Basin, such as Walvis Ridge,
first to have opened, then to have served as a passage for
cold water, and finally either to have closed, or to have
stopped serving as a passage for cold water. We have no
evidence for this one way or the other, but one of the deeper
gaps in Walvis Ridge near Tristan de Cunha Island is now at
a depth of 3800 meters on a basement isochrone which is
Paleocene in age, and therefore could have served as a
passage for cold water in the Eocene or Miocene.

Comparison of Carbonate and non-Carbonate
Accumulation Rates at Sites 360-364

It is useful to consider the various factors controlling
continental margin evolution along the western coast of
southern Africa in terms of CaCOs and non-CaCOs rates of
accumulation (expressed in g/cm®*/yr X 10%), Where Figure
15 summarized evidence for oceanographic conditions at
the Leg 40 drill sites, Figures 16 and 17 summarize the
biogenous and terrigenous contributions to the sediments
along the continental margin since the Cretaceous. Apart
from a minor spurt of siliceous sedimentation at Site 362 in
the Miocene, productivity has been chiefly calcareous at all
sites. The non-carbonate component is almost overwhelm-
ingly terrigenous.

In what follows, it is important to bear in mind the diffe-
rent settings of the various Leg 40 sites with respect to the
edge of the continent. Site 361 and Site 364 are both above
oceanic crust. Yet because of the thick sequences of evapo-
rites at Site 364, the sediments we cored there have more of
the characteristics of continental shelf or platform deposits
than would otherwise be expected. Site 361 sediments,
though, are massive to distal turbidites, and include deep
marine pelagic clays. They are thus more typical of deep
marine sediments shed primarily from a continental source.
In terms of evaluating productivity or CCD fluctuations,
though, all Leg 40 sites may be too close to the edge of the
continent to interpret effects in the adjacent basins. Coastal
upwelling may have been important, increasing productiv-
ity, and thus locally altering the carbonate preservation ver-
sus depth relationship. Site 363 may prove to be most in-
structive in this respect, since it is more distal than either
Sites 360 or 362.

The accumulation rate curves (Figures 16 and 17) are
highly generalized for the Cretaceous because of poor bio-
stratigraphic control and correlation with absolute ages.
Nevertheless, Sites 361, 363, and 364 had initially high
non-carbonate accumulation rates in the Aptian and Albian.
Site 360, closer to the African coast than any of these sites,
had a high terrigenous sediment accumulation rate in the
Eocene, which declined rather abruptly. In general, all these
declines reflect a diminishing of sourceland relief with time.
Increases in non-carbonate sediment accumulation rate at
Site 362 since the Oligocene reflect (1) progradation of
deltas, such as that of the nearby Orange River, and (2)
higher productivity, evidenced by the pulse of siliceous



sedimentation in the Miocene, a consequence of the entry of
cold Antarctic waters into the South Atlantic. Miocene and
post-Miocene uplift in central Africa may also have contri-
buted to this trend, as well as the increase in non-carbonate
accumulation rate at Site 364 since the Miocene.

Spikes in the non-carbonate accumulation rates at Sites
360, 362, and 363 in the Tertiary are coincident with spikes
in the carbonate accumulation rate. Van Andel et al. (1975)
noted a similar effect in equatorial sediments of the Pacific,
but there it was not nearly so pronounced. It is perhaps
surprising that increases in carbonate accumulation rate are
not reflected in more purely calcareous sediments. It is pos-
sible that much of the silt and especially mud that reached
the sea floor at the Leg 40 sites was carried there by de-
scending biogenous particles such as fecal pellets that di-
rectly reflect the rate of carbonate supply. Alternatively,
shelf and slope mixing processes might counterbalance
heightened carbonate supply by accelerating bulk sediment
transport rates, and therefore the mixing rates of terrigenous
and carbonate sediments. A somewhat more ad hoc explana-
tion could be that wind patterns and especially rainfall and
consequent run-off were accelerated during periods of high
productivity and possible coastal upwelling.

In the case of the Oligocene Braarudosphaera blooms,
however, we apparently are seeing the effects of coring and
sampling bias in the heightened terrigenous sediment ac-
cumulation rate. The Braarudosphaera oozes are much
purer carbonate oozes than adjacent beds of more typical
foraminifer-nannofossil ooze or chalk. Yet recovery of the
Braarudosphaera oozes was much lower than their likely
abundance at the sites. In addition, both Braarudosphaera
ooze and foraminifer-nannofossil chalk samples were
analyzed for CaCOs. The latter are certainly over-
represented in terms of proportion of recovered lithologies
because of the necessity to obtain data on contrasting
lithologies. Proper weighting of the CaCOs content through
this interval to the proper proportion of Braarudosphaera
oozes would almost certainly eliminate the spikes in the
non-carbonate accumulation rates at Sites 362 and 363 in
the Oligocene. This is shown on Figure 17 by indicating the
peaks as asterisks, but leaving the non-CaCOs accumulation
rate curve essentially flat through the Oligocene.

Sharp peaks in CaCOs accumulation rate occur at 6-7
m.y., 13-15 m.y., 22-24 m.y., and 41-43 m.y. at Sites 360
and 362/362A. Braarudosphaera blooms occurred 33-35
m.y. ago at Sites 362 and 363 only. A broad Eocene
maximum from 44-50 m.y. also occurred at all three sites.
The shape of the 362/362A curve is mimicked by the Site
363 curve from 22-50 m.y. ago, but the peaks are not as
great. The first three maxima at Sites 360 and 362/362A
correspond with maxima found in the equatorial Pacific by
Van Andel et al. (1975). One maximum at 36 m.y. occurs at
Site 360 but is not present at the other sites nor in the
equatorial Pacific. A maximum at 30 m.y. is present in the
equatorial Pacific but is not in the South Atlantic. Only a
portion of the Eocene maximum occurs at Site 364 and
perhaps at Site 361, although that site was in much deeper
water than any of the other Leg 40 sites, and was close to
the depth of the CCD.

ANGOLA CONTINENTAL MARGIN — SITES 364 AND 365

Melguen (this volume) and Noél and Melguen (this vol-
ume) have proposed that the CCD was shallow in the middle
Miocene and middle Eocene based partly on the poor state
of preservation of planktonic foraminifers and nannofossils,
respectively, at Sites 360, 362/362A, and 363. They also
noted poor microfossil preservation associated with an ap-
parent jump in the CCD at the Cretaceous-Tertiary bound-
ary, considered by Worsley (1974) to be worldwide in ex-
tent. On the CaCOs accumulation rate curves, there are
spikes corresponding to the middle Miocene and middle
Eocene, but none at the Cretaceous-Tertiary boundary.
Rather than a *“‘South Atlantic’’ jump in the CCD in the
Eocene and Miocene, it is possible that the poor preserva-
tion of calcareous microfossils resulted from a local eleva-
tion of the CCD, near the continent of Africa, perhaps the
consequence of high productivity due to upwelling. In-
creased organic matter in the sediments would produce car-
bolic acid, and dissolve carbonate microfossil tests
(Adelseck, 1977). The high CaCOs accumulation rate at
Site 362 in the late Miocene, for example, resulted in rapid
burial of organic carbon, present at levels of 2 to 4 per cent
in the cores. It is therefore no surprise that calcareous mic-
rofossils in these sediments are poorly preserved. Anaerobic
processes have since produced considerable H2S, which
was evident at obnoxious levels when the cores were split.

Two factors argue that the Tertiary CaCOs accumulation
rate spikes reflect productivity rather than a general rise in
the CCD. First, the Tertiary ‘‘dissolution cycles’’ have been
documented at continental margin sites with a history of
Pleistocene upwelling (the Benguela current) which almost
certainly occurred in some form during the Tertiary. The
‘‘dissolution cycles’’ cannot be separated from peaks in the
CaCOs accumulation rates, which probably resulted from
such upwelling. The contrast with the Cretaceous-Tertiary
boundary, where no peak occurs but preservation is still
poor, is instructive in this regard. A more positive case for a
shallower CCD at any time during the Tertiary would have
existed had there been no peaks in CaCQOs accumulation rate
during the intervals of poor preservation.

This argument cannot be made, though, without qualifi-
cation. The most direct evidence for past episodes of upwel-
ling in the geologic record would be pulses in primary pro-
ductivity. In the Leg 40 sediments, opaline silica, which is
not nearly so readily dissolved in the water column as
CaCOs, is not sufficiently prevalent to serve as an indicator
of productivity, We are left with CaCOs accumulation rate
data only, and are thus open to charges of possible circular
reasoning. However, the peaks in CaCOs accumulation rate
coincide with periods of poor calcareous microfossil preser-
vation. The CaCOs accumulation rate would have been
even higher if preservation had been normal. Therefore, the
peaks can have been a consequence of high productivity
resulting from upwelling.

The second factor favoring the upwelling-productivity
argument is that the middle and late Miocene spikes at Sites
360 and 362/362A are not strictly coincident in time. The
36-m.y. pulse at Site 360 also must have a local explana-
tion. These suggest a shifting, sometimes very local, zone
of high productivity (perhaps of upwelling) along the conti-
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nental margin, and are evidence that these pulses are not the
result of an ocean-wide rise in the CCD. One could also
argue that the reduced peaks at Site 363 compared with Site
362 are a consequence of Site 363 being separated from the
brunt of upwelling by Walvis Ridge.

There remains the problem of the coincidence of the
South Atlantic peaks in CaCQOs accumulation rates with
those of the equatorial Pacific. Upwelling of cold water
along the southwestern African coast could have been coin-
cident in time with pulses of cold water through the central
Pacific basins. Where the result in the Pacific was to shoal
the CCD, the effect in the South Atlantic may have been to
promote productivity along continental margin zones of
upwelling. A generalized South Atlantic rise in the CCD
cannot be inferred from the fact that spikes in the CaCOs
accumulation rates coincide in time with those in the
Pacific. In fairness, though, South Atlantic-wide shoalings
of the CCD in the Eocene and Miocene cannot be precluded
on the available data. This possibility merely cannot be
sorted out from theoretically similar effects resulting from
heightened productivity. At least one argument favors a
kind of peculiar blend of the two possibilities. If the CCD
rises through most of the world ocean, and the supply of
dissolved carbonate to the sea remains constant, then shal-
low sites (those still above the CCD) should receive an
absolute glut of carbonate sediments, assuming mass ba-
lance. The possible link between a shallow Cretaceous CCD
and the development of extensive force-reef facies at the
same time was pointed out by Ryan and Cita (1977). Here
we leave open the possibility that something similar occur-
red in the Tertiary. Assuming that productivity remains con-
stant, however, preservation should get better at shallow
depths in order to maintain a mass balance, and this has not
occurred at the Leg 40 sites. Either productivity also had to
increase, or there must have been peculiar local effects in
the preservation versus depth relationships along the conti-
nental margin in the Cape Basin whose causes cannot as yet
be evaluated.
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o
5
= x]
=
s |em
i
E 6 69
10YR 5/4
—
> AG | A Core (4
Catcher

**Globorotalia formosa formosa
Explanatory notes in Chapter |

¥9¢ 4LIS



S6€E

Site 364 Hole Core 9 Cored Interval: 321.0-330.5 m Site 364 Hole Core 10 Cored Interval: 349.5-359.0 m
FOSSIL Wi, FOSSIL w
ZONES | cnamacTER | 2 5 § =] ZONES | cuapacTEr = ., g g
=1 = = = =
glg slg|g £l & | umowey || 2|5 LITHOLOGIC DESCRIPTION = glelg E| & | Limiowosy | £ [2 LITHOLOGIC DESCRIPTION
§ = z|= o ¥ 2 g a === @l ¢ 2 g
ol 5 2|2 41515 2 EN - =1 gl
0 - CALCAREQUS NANNOFOSSIL CHALK 0 CALCAREQOUS MNANMOFOSSIL CHALK
- (13{1] -
@ e — 20 MEGASCOPIC CORE DESCRIPTION - =3 voID MEGASCOPIC CORE DESCAIPTION
e a6 oM o et . General cycles of color changes. = =4 Calcareous chalk. Light gray (5Y 7/1)
= s f——— Mostly red (2.5YR 5/8) at base grading 2 o | P R S - — 50 predominates. Mixture with yellowish
% g e T to 19ght brown (7.5YR 6/4) to gray (SY .E S 1 v 5Y 711 brown (5YR 4/6) yields light yellow
: e === reowety; {0 ARG Wk Sk e 2 === Hign 0RO ety v
- M LR e s shows good laminated to thinly stratified ] L o rvewes s 102
o B S e nature in places. s i e s TEXTURE
® ™ T = A P e Sand
H i TEXTURE 2 e 3-15% 511t
2 11 5 Sand @ wp At 25-97% Clay
5w | 10-15% Silt |_| f——
-] e e =3 85-90% Clay I 5Y 7/1 COMPOSITION (S5
5 ]| 2.5V 5/8 B . = nnos
w z 2 ] | COMPOSITION P I e e 5-15% Clay
] a O S | B5-! annos Y o O S X T- 2% Quartz
g 2 e 5-151 Clay o v
b 3 e — 2- 4% Forams ] i Carbonate Bomb: 1-40 to 41 cm = 57.5% CaC0y
& - e T- 5% Quartz e
§ l _ E M e — il Carbon-Carbonate (DSDP
& B — Carbonate Bomb: 1-20 to 21 em = 72.2% CaC0 |- ——— - .2, 0.7,
= I —— ap = 6-20 (2.4, 0.1, 19
= A T 57 21 Carbon-Carbonate (DSDP ] T 7
TS TR - 8, 0.7, Y Carbon-Carbonate (0G
I w L
&0 i) n - -1, 0,
3| = Grain Size (DSOP - E|np 3 . I 4-150 {5.3. o, u]
e - -0, 3B.1, 55.9) o |5 R = & % :
T :. = mireT E 3 E — Grain Size (DSOP L
8 y —y = n 1 = o, -0, i ‘
o | === 5t £ === o (2] L
= P 2.51R 5/8 = = e
3 | wle 2 ] = o
=3 r— | 2|e - I——1
3 6 e s i FlE2 3 e
2 P ot e e | ] K] ———
o 4 ] | R 4 - 0 5Y 7/
o
M T—— L
e S —— | 101R 6/4
B e
S | e R
i L L
@ p s | M 5 e e
o i Core — cc M
=25 Catcherp——" 1
e T
**UPPER PALEOCENE (forams) LOWER EOCENE (nannos) 5 stin
110
R At RP
g
2 .
w (8 3 5YR 4/6
|8 =
A 6
=1 b 3
=l &
o =
Bl = 130
s|le =
pur § =
2 T o
=5 re
5 R Catcher| o
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Site 364 Hole Core 11 Cored Interval: 359.0-368.5 m i
T — Site- 364 Hole Core 12 Cored Interval: 368.5-378.0 m
ZONES | CHARACTER |- gz FOSSIL =
=3 i@ w E E = = 10N SHARACTE 3 glg
2 g 8 % 5 ; LITHOLOGY | £ | 4 LITHOLOGIC DESCRIPTION § i P e g g i = E
gz o g\ § g é g = v E| 2 LITHOLOGIC DESCRIPTION
=]l ] = = = ) =
w Z|E| 2 ] =
AP 0 rInee o 120 =
o o — CALCAREQUS MANNOFOSSIL CHALK 0
S 150 CALCAREOUS NANNOFOSSIL CHALK
ot e 5 7 MEGASCOPIC CORE DESCRIPTION i3 T 7.5/R
—— ChaTk and marly chaTk. ATte s
T aTk and marly chalk. Alternate yellow ] MEGASCOPIC CORE DESCRIPTION
g [ m— brown (10YR 5/4) and light gray (5Y 7/1). e alk - marly chalk. Mostly brown (7.5YR
1 o e —— Strong burrowing throughout. Drilling ™ e i v 5/4) with minor Tight gray (5Y 7/2) mud
T disturbed core by rotating slabs 1"-1 1/2* 1 [ 65 7.5YR 5/4  dark yellowish brown {10YR 4/4). Brown
R e e s e 100 apart. I —— g:ﬂ h:m;ed at top, gray part heavily
= 1.0 rrowed. Drilling h
B TEXTURE e 3T 1 elags s Proken core on
sif e e 0% Sand oepey T P
" 5-10% 591t = e TEXTURE
= 90-95% Clay i ——— 0% San
i e aae e E e 3- 5% Silt
] |40 COMPOSITION (5S i 7.51R 95-97% Clay
r— s 71 = <SR 5/4
; 0% Carbonate unspecified s
2 0 :g—gg} I:I:nnus 2 ro— COMPOSITION (55}
[ - - ay = o e ey - arbonate unspecified
——— 1- 3% Quartz B T — 20-45% Nannos pecine
- o 83 10-30% Clay
” T Carbonate Bomb: 1-29 to 30 em = 69.0% CaC0, T T we T- 2% Quartz
e
' = e venr 101R 5/4  Carbon-Carbonate (0S0P AP Carbonate Bomb: 1-29 to 30 cm = 33.3% CacOy
- T ; 1 Zﬁ'[!'s—n—r}]—l. S 0.0,
E e —— 6-20 (5.5, 0.0, 45 Carbon-Carbonate (DSDP
3 s e 55 . =i 0.1, 0.0,
:E I e Grain Size insnp) %‘ 40 6-20 54.0. 0.0, 33)
- P = -2, 31.8, 68.4
:E: : : .: i 6-88 (0.1, 19. . } t" 3 7.5YR 5/4 tfrhun—ia;hu&ate 06
5 £ ] % E 5-140 (5.8, 0.1, 48)
o [ P e T = %
E ; A = = - E Grain Size ns“ur_l
S ] o 10R 5/4 = ] = = -0, 32.4,766.6)
g b 7 ot s ke E = 6-88 (0.3, 29.4, 70.3)
2 i 5 2
= 4 e S g
T T = P 4
e i 10YR 474
—— h "
N e —— AP
AP S cp
i preSEsT I
[ I er—— sY 7/2
= e svn 5 o ?
o 119
: 1 . 1 - I I
4 o | B 06
5
cp e 10YR 574 ——1tH"
:—‘—"‘—"‘. i ce S o ——
__._ITJ_.._I_ - n i 1
= e
I PP V=Y
1 T TR
:-:.:. 80 [ _,:.‘.T.
+== B e
et 5Y 1/1 T Er
|I|'l.l ! P = 1o0|
T e v T
mre I = 1 I i n " A - i - 1
o | e Catcherf it core.
1 CM | AP Catcherf4—"—"'=% cc
n A i 1
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Site 364 Hole Core 13 Cored Interval: 397.0-406.5 m Site 364 Hole Core 14 Cored Interval: 425.5-435.0 m
FOSSIL " 20 FOSSIL =l=]=
ZONES | cuppacter | g § S | cwamacter |- S ’5‘ 5
P ] 3| g = s —r1 12| & _ = =
= g gls £l & | Litiowosy | E | % LITHOLOGIC DESCRIPTION 4 glg | £l & | Limiorosy | E ; & LITHOLOGIC DESCRIPTION
g HE @ & sle ElS1E R S
e s|Els B g :|z|2 HEE
0 CALCAREOUS NANMOFOSSIL CHALK 0 CALCAREQUS NANNOFOSSIL CHALK WITH MINOR
- = MARLY NANNGFOSSIL CHALK
” E :‘ voID MEGASCOPIC CORE DESCRIPTION —
& g ] alk. Very pale brown (10YR 7/4) and 3 MEGASCOPIC CORE_DESCRIPTION
7 o~ (i S —— yellowish red (5YR 4/6) with minor Tight 0, 5 VoID alk. sh yellow £/6) to brown
g g‘ r— — 50 gray (5Y 7/2). Moderate to heavy burrowing =] (7.58 5/6) with minor mottles and Tight
o AP 1 P * mren SYR 4/6 throughout. Orfentation of some parts is 1 . gray (5Y 7/2). Heavily burrowed throughout.
|- ] - I dubious due to drilling. First appearance AP -1 White prismatic carbonate {calcite) layers,
0= of Inoceramus(?) fragment (calcite). Ly S s
» [ =t s TEXTURE
= T — TEXTURE S o T SYR 6/6 5% Sand
§ e 0% Sand 3% Silt
5. 2L 3-15% §ilt 974 Clay
o AP e M P 85-97% Clay i
z|= 3 o e T 10¥R 7/4 COMPOSITION (SS
=3 - = B o COMPOSIT 10N ;ssg - ate unspecified
= L = 2 T — 1 - arbonate unspecified 2 70 15-40% Mannos
212 - T e 20-50% Nannos 10-40% Clay
£l8 9 i S v 5-15% Clay 5VR B/6 T- 1% Quartz
a = i S — — T- 1% Quartz
g el 15 N —— Calcite Carbonratn fudds: o hsinuid = Carbonate Bomb: E;QB to 100 cm = 75.0%
3 g L ate 1 1-36 to 37 m i 3 _ " 3
° core AT £ Carbon-Carbonate (DSOP g Carbon-Carbonate (050P
M) Ap Catcherf—a—i—1 - .8, 0.0, 85 £ 17 (Es,ﬁ. 0.0, ?ii
—— = 6-20 (8.5, 0.0, 7
Grain Size (DSDP) =3
= 0.1, 18.2, 81.7) Zlw 3 5YR 6/6 Carbon-Carbonate (06
z|% E 5-T30 (5.0, 0.0, ; T
g g E 5-150 (8.6, 0.0, 70)
“13 5 Grain Size (DSOP
e = . .5, 35.4
Ble 2| [» bl 572 688 50.1: 236, 76.2
e|g = 22
I
=l % 40
Elg * 4
Sle 7.5R 5/6
g =
- 4
S e
-t
35
5
7.5R 5/6
1 06
e —
a = r—
i
n n 1 . 1 P
s 7.5R 5/6
L]
- A '
s
i n
e
e = 5Y 7/2
L - s 2
o |
Core e s
sl am |Catche e — e
=
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Site 364  Hole Core 15 Cored Interval: 463.5-473.0m Site 364 Hole Core 16 Cored Interval: 501.5-511.0m
FOSSIL wle ZONES FOSSIL .
ZONES | cumacten = § %‘ 5 ; CHARACTER |=| , 2 §
= P glals Bl & | umiowosy | E| 2[5 LITHOLOGIC DESCRIPTION gly uzlg g 2| & | comiotosy | £ [ LITHOLOGIC DESCRIPTION
z Zl3|2 3 e HEHE g Z|3|2 # ¥ HE
£ E|F|E Bl=]s E 2|E|2 4215
0 CALCAREOUS WANMOFOSSIL CHALK AND MARLY 0 MARLY MANNOFOSSIL CHALK TO CALCAREOUS
- WANNOFOSSIL CHALK -4 WARNOFOSSIL CHALK WITH INTERCALATION OF
— voIp 73 Y Ci 0 LAYEY SIL E_AN
=1 MEGASCOPIC CORE DESCRIPTION 3 vowo CALCAREDUS MUDSTONE
AP MarTy chalk. Reddish yellow (5YR 6/6) and 0.5
light brown (7.5YR 6/4) with 10-15% of ] MEGASCOPIC CORE DESCRIPTION
70 light gray (5Y 7/2), to yellowish red AP I 3 arly chalk to chalk. L1ght brown (7.5YR
(SYR 5/6). Heavily burrowed throughout. 6/4) with 10-20% brown (7.5YR 5/4) and
7.5YR 6/6 hoo 15-30% Tight gray (5Y 7/2). First appear-
TEXTURE ance of distinct layer of mudstone. Heavily
0F Sand 7.5¥R 7/2 burrowed throughout.
3-10% 5ilt :
P 90-97% Clay " TEXTURE
major minor
COMPOSITION (S5) 7:91R. /4 Sand o 1- 2%
35- arbonate unspecified 5ilt 3- 5% 20-80%
20-50% Clay 2 Clay 45-97% 10-801
2 15-30% Nannos ©
froes) 5Y 772 T- 2% Quartz ] COMPOSITION (S5
w - %]or only
2 _— Carbonate Bomb: 1-65 to 66 om = 72.3% CaC0, g %;? - arbonate unspecified
5 = 20-50% Clay
= w» Carbon-Carbonate (DSDP = 10-20% Nannos
= 2 - r N E KP 15 T- 2% Quartz
= E = Grain Size (DSODP E 7.5YR 6/4 Carbonate Bomb: 1-21 to 92 cm = 53.4% CaChy
£ - SYR 5/ - ! 6.4
%3 e ] w 3 Carbon-Carbonate (DSDP
= 75 b [
— £ < = 85 T, 0.0,
g = 2 = 7.57% 5/4 6-20 (B.1, 0.1, 58
i — a
e t" g 2 Cfrbun-tarbunate !DG!
= .5y 0.0,
= i P =] i 4-140 (4.4, 0.1, 36)
E N 20 5Y 772 = = i 20 !
3 s & Grain Size (DSOP
g = * 7.5YR 6/4 7-B8 (0.7, 30.0, 59.9%
= 4 6-88 (0.2, 30.5, 69.3
e =
3 z
z - 7-STRE/M g
= o 06
% v
ap 5YR 5/6 AP
i 40 BY 7/2
I > 60
|
M| AP |
- |
> |
AP
i i | 7.5YR 6/4
- |
6
78
Core cc
= Catcher
L
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Site 364 Hole Core 17 Cored Interval: 530.0-539.5 m Site 364 Hale Core 18 Cored Interval: 549.0-558.5 m
FOSSIL wl= — FOSSIL m
zones | FOSSIL d . HHE cnaracterf=f g 3
= =
g g AAE 2| & | Lrmiotosy | £ 2 5 LITHOLOGIC DESCRIPTION o] g z|g g 2] & | Limorosy | £ “ LITHOLOGIC DESCRIPTION
o o ™
2 g 4 E Bl = g = & g g H @l = g z
alg]|w = w als
0 1o CALCAREDUS MANNOFOSSIL CHALK; MINOR 0 CALCAREQUS NANNOFDSSIL CHALK WITH MINOR
CALCAREQUS MUDSTONE 3 . HARLY WANNOFOSSILC cHALE
™ ] % R LY FOSSIL CHALE
-] 34 -~ MEGASCOPIC CORE DESCRIPTION E 7 VoID MEGASCOPIC CORE DESCRIPTION
0.5 1 rly chalk. Mixture of brown (7.5YR 5/4), £ - Ty chalk. Mostly pale brown (10YR 6/4)
5YR 6/4 Tight brown (7.5YR 6/4) and reddish brown with 1ight gray (5Y 7/1) and light gray
1 ] (5YR 4/3). Intensely burrowed throughout. E (10YR 7/2). Intensively burrowed.
- =3
1.0 TEXTURE = TEXTURE
—+ oy 5Y 5/2 = “BY San
E ] 108 i1t = 5Y 71 3 si1e
= i1t
= & &7 90-97% Clay w éi 97% Clay
- L~ a N
L = COMPOSITION (S5) 2 § - COMPOSITION (S5
- - = T-78
— 0% Carbonate unspecified = g > 10YR 674 BOT Clay
- 60 20% Hannos = L= = 30% Carbonate unspecified
2 ? 7.5 5/8  oge Clay § - n 10% Nannos
E =] 5Y 5/2 15% Quartz g 2 r T Quartz
s = n
T 3N B ] 51N 3-83
£ EF?E'E}JW s E = 75% Carbonate unspecified
by tz = B 152 Rannos
2 ar & =
= M 5% Mannos = H Ap T 10% Clay
§ 7-5¥R 5/8 gy Carbonate unspecified = o i 10YR 6/4 T Quartz
=
§ | Carbonate Bomb: 1-22 to 23 em = 73.4% CaCOy = = Carbonate Bomb: 2-132 to 133 om = 76.8%
— = L
a 3 5YR 4/3 CaCDy
oy 3 n Carbon-Carbonate (DSDP g ; 100R 7/3.
B2 -] - .3, 0.0, e n Carbon-Carbonate (DG
F- = 6-20 (8.5, 0.0, M T =130 » b
= [ = - 1-150 (8.0, 0.1, 66)
g 8 Grain Size (DSOP - 2
N 4, 66. i S
3 " E-'E Eﬁ T, %3 T, g e Core ——
§ § 7.5YR 6/4 6-88 (0.0, 34.4, 65.6 % Catcher] 1 T cc
M i T
L % 1 Y 5/2 Explanatory notes in Chapter 1
£ 2 4 sz |
=
-
5
2
g
e L B - L= 5y 5/2
S S e s
= ok
= 5 B —— 7.5YR 6/4
2 1= 8
S s
P o o
o
-
T
i
e
i A —— 5 5/2
o — 10 P
I = n ) I =
-
6 o
s -
T
i
o ——
A 7.5YR 6/4
R w—
tore i e
M | AN Catcher[ X -
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Site 354  Hole Core 19  Cored Interval: 568.0-577.5m Site 364  Hole Core °0  Cored Interval: 577.5-587.0m
20NES FOSSIL == FOSSIL =
CHARACTER _f=| 2 g ZONES | cuamAcTER = . ] g
2l = =) =
§ “ § @ § v = LITHOLDGY g ] LITHOLOGIC DESCRIPTION g © zlulg = § LITHOLOGY g A LITHOLOGIC DESCRIPTION
: Z|Z|2 ¢ HE g E|3|E ol slg
2 E|2)= = B B 2|B|=2 5
CALCAREQUS NANNOFOSSIL CHALK; eREE 0 CALCAREOUS NANNOFOSSIL CHALK WITH MINOR
NANNOFOSSIL CHALK; MINOR tﬁﬂ’m!: -4 SAPPROPEL BEDS AND CARBONATE-FREE BROWN
M 15 PEL EIE CLAT: ﬁﬁﬂ j CLAY
MEGASCOPIC CORE DESCRIPTION 0.5 ¥oio MEGASCOPIC CORE DESCRIPTION
10YR 6/4 arTy chalk. Most of core is pale brown 7 Marly chalk. Greenish gray (56 6/1) with
= (10YR 6/4 and 10YR 6/3) and brown [7.5YR 1 - minor dark greenish gray {55'{ 4/1) at the
8 Sa’:}dm:h 1;3?%9;&;« IS\{'&?J;:}I g:d?,.fll P z;:plturning to Tight hrmishrgrw [2.5Y
= and dark reddish brown s. 47 2) at base with dark brown (7.5YR 3/2).
2 516N Intensely burrowed. 1 : i : I : hoo B 2
= - TEXTURE _ ] [¥ 0% Sand
g nsm P AM Fa 3 541t
~ £ 4973 Cla
E 0VR 6/3 o3¢ Zlay g e v
o 70 COMPOSITION (55 = === . —
£ 5Y 6/1 e 2 2 s S6Y 4/1 80K Clay
E] “ #5% Carbonate unspecified - o S — 84 10% Mica
e 2 30% Nannos = T 3% Quartz
25% Clay g T T 3% Zeol
= £ T Quartz = iyt el
— e - =) e
= el AM & " AM e s 3-40
§ 2 3-130 = 2 M 07 Carbonate unspecified
bt sY 71 90% Clay e = o 20% Mannos
' 5 38 3% Quartz & £ o 5% C)
—_ ) 5 [ SN T T 5 6/1 ay
P Y 7.5YR 5/4 2% Zeolite H = [ e 0 3% Quartz
= £ T Carbonate unspecified = 2 3 o e o
8 5 e e g & s e e Carbonate Bomb: 1-100 to 101 on = 70.8%
- = FR—— svR 373 Carbonate Bomb: 1-29 to 30 cm = 63.6% CaCl, 2 £ CaCly
= -
= 170 Larbon. Garhonate DSOP. = = o 2 06 Carbon-Carbonate (DSDP
] .5, 0.0, 5 £ fol = 5, 0.1,
-3 A i
-3 M Grain Size (DSOP £ = EE: S s e Carbon-Carbonate (06
e -88 (0.0, 23.5, 76.5) = e - .9, 21.3, 13)
g. 5YR 3/3 S y R : - : : : - 3-150 (8.3, 0.2, 68)
E E A N o Graln Size BSUF ;
% Wi 0. 16.5
10VR 6/3 =
132 H P B e
g AP  terces leucoer
o™ | A [ £ b o e e e
) e 2.5Y B/3
: L x A 5 L .
5 = i - L - L
e
'S A n
Sy 13 T.5YR 3/2
P
: A ; L : A
Core T T
o | AP Catcherf T cC
L L i —
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Site 364 Hole Core 21 Cored Interval: 596.5-601.0m Site 364 Hole Core 22  Cored Interval: 6€15.5-625.0m
FOSSIL w FOSSIL o
NS | cumcrer 1o ] g IS | owmacrer || g :
gle alg]z E| & | crmiotoey | 2 |2 LITHOLOGIC DESCRIPTION g a ] £ & | Lmowoer | E|F LITHOLOGIC DESCRIPTION
: z|2|2 g ¥ Sle HHE R HE
£ 5)8|3 ” 5|5 HEE ¥ 8(5
e [ als w al=
0 MARLY IAIIEEDSS[L CHALK AND MUDSTONE WITH 0 MARLY MANNOFOSSIL CHALK; MUDSTONE, DARK
AP D! -4 _______Emi STONE
MEGASCOPIC CORE DESCRIPTION 2] MEGASCOPIC CORE DESCRIPTION
Harly chalk and mudstone; brown (10YR 4/3) 0. 5 MarTy chalk and mudstone, greenish gray
10yR 4y3  With minor very dark grayish brown (2.5V g VOID (56 6/1) and grayish brown (10YR 5{33
1 75 3/2) beds at the top turning to grayish 1 ] with dark greenish gray (56Y 4/1) and
brown (10YR 5/2) at the middle and the B very dark grayish brown (2.5Y 3/2). Mostly
base with dark greenish gray (56Y 4/1) _ 1.0 chalks are burrowed throughout. Mudstone
and greenish gray (56 6/1). Light layers E 1 56 6/1 only in lighter part.
heavily burrowed, darker layers 1ightly £
or not burrowed. £ = 130 TEXTURE
5 cp - Sind 2-55  3-109
TEXTURE = A n [ [}
= = 275 495 S 3 silt 208 5%
e Sand 0% =] = 55 56Y 4N Clay 802 95%
£ 2 95 25032 oy 5% 22% g 2| 3
= Clay 851 781 B 5 . 10W 572 COMPOSITION (S5
w | e = — =,
= COMPOSITION (55 o = — %0 509 Carbonate unspecified
2 Sﬁrclay (= % & u 3 \ 06 gg :::’ms
g 42% Carbonate unspecified =|= 3 s T Quartz
7% Nannos =l -
g 10 5/2 3y quartz |8 3-109
g Elg 2 95% Clay
e [T 5-75 |12 % 2% Quartz
=lz 3 3 BT Clay |l = 3 10YR 5/2 2% Zeolite
|z @ 5% Zeolite gl2 s %
Z|E £ 8% Carbonate unspecified £le e 2.5Y 3/2  Carbonate Bomb: 3-16 to 17 cm = 3.0% CaCDy
T * L
§ B Carbonate Bomb: 1-29 to 30 cm = 46.9% CaC0y Carbon-Carbonate (DSDP
ile & E: 101R 572 &- 4, 0.0,
| g E Carbon-Carbonate (DSDF S ™
§ls s -20 (6.7, 0.1, = Carbon-Carbonate (06
5|5 = 6-7 (0.2, 0.1, 1) -] = 23, 0.1,
21z 5 5 %6 6/1  Grain size (DsDP (- geoge EROGS 0N
z|=s £ 4 ‘l“)‘r{!‘- .0, %ﬁ .Les.sg g 4 7 Grain Size (DSDP
g = 56Y 41  6-88 (2.5, 39.6, 57.9 3 _ 56 6/1 AT 0
= Pyrite - 10|
8 - I - T
o I n
g * -
re
= oM [ am Catcher e LR
56 6/1
g Explanatory notes in Chapter 1
75
cp
36 Authigenic barite
6
TOYR 5/2
Core
AP Catcher} cc
E n n n
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Site 364 Hole Core 23  Cored Interval: 644.0-653.5m Site 364  Hole Core 24 Cored Interval: 672.5-682.0m
FOSSIL wil FOSSIL w
oS | Atk | . 5 § g 2085 | cyppacier |- . z §
—T = = =] =
4 vlela Ef & | cimowesy | £ [ 2[5 LITHOLOGIC DESCRIPTION g2 glg|s £ & | Limiotosy | £ | LITHOLOGIC DESCRIPTION
- HE ARG e|gls g Z|Z|Z|E| 1A sle
g z|2|5]3 s(E|8 & HHE g5
0
0 MARLY NANNOFOSSIL CHALK AND BLACK MUDSTONE %MW
1 o WITH SAPROPELS 25 Nl =L
' RIS AT w o
L 62 I:a'|‘1in:e; —.ba:mssnlax‘inst 'lanlﬂa: * gray (56Y 4/1). Light burrwin%, Laminated.
56 6/1 discontinuous. Laminated mudstone, %rgenish - - 1 Fine ”:;te specks with black {N1] shale.
(56 6/1), slightly burrowed. Black 8 r 1.0 Laminated pyrite-bearing.
%0 ﬂl shale laminated to thinly laminated. 5 - Ll
N1 Rich in pyrite. c o 118 TEXTURE
H 100 i -2 RP 265
s TEXTURE H £ 0% Sand
£ M - = 3 1% Silt
2 ~0% sand = s 99% Clay
w 5% 5ilt e
= = 95% Clay E - = 56Y 4/1 COMPOSITION (SS
T Barite = -
= E ot " COMPOSITION (55 - & 2 L1 E0% Carbonate unspecified
2 g 83 3143 10 (55] = # 35% Clay
R s 110 Barite E0¥ Carbonate unspecified = P 15% Hannos
[ bt - 30% Clay T Quartz
il et = 56 6/1
el 20% Nannos -
= -
gl AM Pyrite T Quartz Core s6Y 4/1 B9L Clay
; E 56 6/1 4-30 M| ap Catcher] ™ ot 5% Quartz
=le 50T Carbonate unspecified 53 Carbonaceous matter
20 25% Nannos T Zeolite
Sls 25¢ Q1
g2 T Cuarke Carbonate Bomb: 1-27 to 28 cm = 5.3% CaC0,
= s RP
e M Carbonate Bomb: 1-58 to 59 cn = 55.3% CaCl Carbon-Carbonate (050
- = L] adn
- te (0SOP
o m 43, TT[?‘A_O‘S_ih_Hf;m T Carbon-Carbonate Iou}
= ly 1By
*;E 50 Grain Size (DSDP 1-20 (0.1, 0.1, 0
- i .5, 65.7
ET % ! ' Grain Size (DSOP
g -89 [0.6, 26.5, 72.9)
24, 56 6/1
= Explanatory notes in Chapter 1
3
=
5 tore "
g |m Catcher) T cc
r——
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Site 364 Hole Care 25 Cored Interval; 701.0-710.5m Site 364 Hole Core 26 Cored Interval: 710.5-720.0m
ZONES FOSSIL == FOSSIL ™
ciaRACTER =) = % cuamicTER |=f =] g
= o= =1 =
dle ale gl.| [5] B | vomoosy z LITHOLOGIC DESCRIPTION el glels £ 2 | umowosy | £ |2 LITHOLOGIC DESCRIPTION
I HHEREE g|g g HE R |8
g glz &5 g 2|8(2 5|5
0 “01 5676/1 MARLY NANNOFOSSIL CHALK, CALCAREOUS 0 SR 3/3 NANNOFOSSIL CHALK; FORAMINIFERA-BEARING
MUDSTONE AND BLACK Mﬂpﬂ:r{ SHALE NANWOFOSSIL CHALK AND MARLY NANNOFOSSIL
N1 MEGASCOPIC CORE DESCRIPTION
0. 5— 15 reenish gri to dark greenish 0.5 MEGASCOPIC CORE DESCRIPTION
gray (56 4/1). Marly chalk intensely reenish gray to reddish brown
1 burrowed. Dark greenish gray (5G6Y 4/1) 1 (5YR 4/3) chalk. Most shows burrowing.
1.0 mudstone shows laminations in several 5YR 3/3 Dark reddish brown (5YR 3/3) calcarecus
¥ 56Y 41 areas, heavily burrowed. 1.0 95 mudstone or marly chalk moderate burrowing
but hard to see because of uniform color
cP = TEXTURE AP over most of core.
0-140 4-132 #
. Sand 0% 0% TEXTURE
1 St 5% n _ 1-95  3-64
= Clay 95% a7% an (i1 [i}4
= = pigl P i SR e ET BT
2| 4 COMPOSITION (SS ol Foe Clay 971 sax
3 RE Foe=
- 5 6/1 50 Clay S sl COMPOSITION (55)
46% Carbonate unspecified P - T'.li, N =
3% Nannos = v o e s 127 5YR 3/3 BEY Carbonate unspecified
T Quartz g, o —— 20t Clay
= annos
S6Y 41 148 2|5 b YR 4/3 7% Calcispherides
B0% Clay =|= .
8% Plant debris = E‘ cp 3-
1% Carbonate unspecified als - AP " 56 6/1 57X Carbonate unspecified
P 3 T Quartz 21, @& 3 b 254 Clay
= sls = 10% Nannos
3 - 56 6/1 Carbonate Bomb: 1-122 to 123 om = 15.9% e |2 o 8% Forams
g = Pyrite CaCoy Il T
H - cluster el e 5 Carbonate Bomb: 1-143 to 144 cm = 26.5%
£ T Carbon-Carbonate (DSOP Bz + AP Jak aco
£ =31, (4.4, 0.2, Els 8 o 2-138 t0 136 cm = 33.3%
2 & 6-104 (4.9, 0.0, 40 22 5 CacO,
= @ =
= -E Grain Size (DSOP) E ‘5 5 5 Carbon-Carbonate (DSDP
] o - .5, 89.5, 48.0 = =. . .
E I 4 2|t & e 4 6-55 (5.4, 0.1, 85
& & . wlg 1008 4/2
] 2 o Carbon-Carbonate (06
56 2/1 Flg — 06 = A, 0.0,
- s |2 Vit 4-140 (5.6, 0.1, 46)
= 3
x|8 F i Grain Size (DSOP
£ |= o — §-78 (3.0, éi,a. 72.2)
3 e 6-54 (1.0, 28.2, 70.8)
56 411 o o m——
RP 5 51 I
i
r——
e w 56 6/1
56 6/1 o et e 10 /
Marcasite vz e
o ——
= 1 < i n L - 6 SG slf]
o T T
r——
b
AP | OH r——
B ()] 6 ===
s
SYR 4/3
E Core Core |=-gi— ] tc
2 |cr Catcher] Catcher]m ]
oM | ap | re|  |Catcherk T

Explanatory notes in Chapter 1
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Site 364 Hale Core 27 Cored Interval:720.0-729.5 m Site 364 Hole Core 28 Cored Interval: 748.5-758.0 m
FOSSIL w FOSSIL w
ZONES | uamAcTER | " 3 g zowes | oIl i z g
=} = P =
4 a § g £l # | uimiorosy | E | =2 LITHOLOGIC DESCRIPTION g § 2 § £ 5| & | Loy | E | 2 LITHOLOGIC DESCRIPTION
HEH g gl # =4 I g z|2|= 1= 2 2|8
2 z cls ] = w =0 = =
0 MARLY WANNOFOSSIL CHALK; CALCAREQUS 0 MARLY NANNOFOSSIL CHALK; CALCAREOUS
e MUBSTONE NANNDFOSSTL CHALK
o MEGASCOPIC CORE DESCRIPTION MEGASCOPIC CORE DESCRIPTION
0.5 rly chalk, greenish gray (56 5/1), light 47 sY 71 Warly chalk. Dark reddish brown (5YR 3/3)
voI0 bluish gray (58 7/1) to dark reddish brown ™ 75 grading to reddish brown (5YR 4/3) chalk.
1 (5YR 3/3). Mudstdne ranges in color from 1 SYR 3/3 Dark greenish gray (56 5/1), 1ight bluish
0] dark reddish brown (SYR 3/3) to greenish gray ?5’0 7/1 to 5YR 4/1). Heavily burrowed
1.0 gray (56 6/1). Some lamination preserved throughout. Chalk in the upper Section 4
- but most disturbed by burrows. shows styolitic seams and irregular lenses
™ b ] JEXTURE = of greenish gray.
s
A 5YR 3/3 2-145 3-96 Elw TEXTURE
. b g 4% 2|2 2-107 4-62
Clay Bo 963 ; ';‘-'- g:‘l‘g 5% 5%
e 2 .70 EARd i ? Clay 95% 98¢
8., COMPOSITION (S5) als
HE SR 33 Freiay sl2 3 b= SYR 4/3  COMPOSITION (SS
et K = e '
=15 i 354 Carbonate unspecified a2 - TEX Carbonate unspecified
=1g 145) 58 7/1 3% Quartz il ] - 06 40% Clay
; 5 T Nannos gz T — 10% Nannos
- - gl= E - 2% Quartz
gz E| |w]ee pae - -
el = 58 BT Carbonate unspecified =2 I a - 4-62
_?'.. 5 s 56 6/1 15% Nannos sz 5 = 5B 71 73 Carbonate unspecified
elE T 3 15% Clay (8 ¥ 3 3 %0 15% Clay
B l= E CH o 2% Forams B - ce ] 10% Nannos
sls : 56 6/1 T Quartz w |2 & = 110] 56 5/1 T Quartz
=z 2 Carbonate Bomb: 2-143 to 144 cm = 49,6% gl * = Pyrite Carbonate Bomb: 1-60 to 61 om = 54.5% CaC0;
=12 s — CaCly =8 = nodule
3|2 i / A el= . 20 58 7/1 Carbon-Carbonate (DSOP
3:_, b 5 arbon-Carbonate (0DSDP E ‘E - = .2, 0.0,
- o - -3, 0.7, e 4
8= a - 62 Carbon-Carbonate (0G
2|8 4 65 %A Grain Size (DSOP . 4l 3 SRAN WFTﬂ_;r{l, 0.1,
|2 m‘n‘u—h‘rl‘p- -0, 28.2, 70.8) 4 2-150 (5.3, 0.1, 44
HE :
3 ] 143
5Y 6/1
A ce Core ce
5YR 3/3 Catcher! 5Y 6/1
60 Explanatory notes in Chapter 1
e 5
5YR 3/3
o]
Core cc 5N
Catche
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Site 364 Hole Core 29 Cored Interval: 767.5-777.0 m Site 364 Hole Core 30 Cored [nterval: 785.5-796.0 m
FOSST ] e FOSSIL o
el e o g HE i CHARACTER f= , g H
=1 = — =
5 2 g - 2 B | umowoer |33 |E LT RGLOTE DESERIFTION g glz|s 5 i LITHoLogY | a LITHOLOGIC DESCRIPTION
: EE|z| | [AE HE HHHBRE 8|5
w EIR =l =g B =
0
0 LIMESTONE WITH MARLY CHALK WITH A LITHOLOGICAL TYPE
B SAPROPELIC CAYER
- VoID ' LIMESTONE WITH MARLY LIMESTONE AND
g MEGASCOPIC CORE DESCRIPTION ; o 40 58 7/1 SRARIHIFERNL, CALE
AP 0.5 1T Tlght bluish gray chiak (58 7/1) with w
" TH L &0 58 711 darker greenish irregular lenses and E -E W (58 7/1)
1 Ty Jaminse. ‘Styotic suums with black (1) 2|5 with laninations. streaks and burrow
h 0P gem [illings. Moderately burroved. some = A 1115 of greenish gray. Dark greenish
i 126 56°5/1 by Es:::m:;}y.;:pping.?:;'t;::' 2E - gray (56Y 5/1) and greenish aray (SGY 6/1)
=] ’ a|s T characterize minor 1ithology.
. B S i e > offset by faults. 2 la = 2 S6Y 5/1
) 1 T T e -
El. - TEXTURE 4= ¥ TERE o, aa
2105 p o 1-126 3-125 Sl1£ % 58 7/1 sand ® W
£1s 42 M Sand o 0% = |z 5 51t 40T 40%
z|g T st o 2la . 70 ol 605 60%
58 | i === Elay: e 9% gls £ b
o T  — w b
2. = mESSsss Gy  SXESSITION (s5) gl = SGY6/1)  COPOSITION (55
& ?; £ e 14 5Y Carbonate unspecified 'g § v ™ E}'Caﬂmam unspeci fied
o 1 I o be-) — -
a - :_‘"‘  —" - Nodular 5% Clay 2z = 06 301 E?::“
§ 2 B |m = TR 2w £z 30 S6Y 5/1 2% Nannos
. % ol - 0
e18 f s = 5651 B6Y Carbonate unspecified = g 34
i === g e e a
A - 3| = T Tt 2|3 3 ——— 25+15% Carbonate unspeci fied
; g = = | el 1 _1:4_:.1: | 3% Nannos
olE £ = e 5V 4/1  Carbonate Bosb: 1-B2 to B3 cm = 75.5% CaC0y g o ———— : 116 i g ]
=2|* o rw e 128~ B
2 oy Nodular T T
Z|z T limestane %ﬁ%}%ﬁ&l ] | Carbonate Bomb: 1-32 to 33 cm = 69.4% CaC0;
s|2 o o 58 7/1 A | oM Core — — cc
=|Z e Catch ———
& 2 e e
4 :I$ 56 5/1 Explanatory notes in Chapter 1
J_I'l - =
I - I - 1
e |
o —
| Fe Eo!:nl "j‘l , cc 58 7N
- I
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Site 364 Hole Core 31 Cored Interval: B05.5-815.0 m Site 364 Hole Core 32 Cored Interval: 824.5-B38.0 m
FOSSIL ] FOSSIL = | =
0MES | chmnetir o 4 E § TONES | cumpacter | z| . 2 %‘
—T b= = =)
& | wlw =] = | LITHOLOGY b LITHOLOGIC DESCRIPTION § 3 81 x .‘:““;‘ LITHOLOGY g “ LITHOLDGIC DESCRIPTION
2 2 2
- HE 4 ¥ ele g HE g g el
w D wls
w w alz =
0 LIMESTONE AND MARLY LIMESTOME 0 - LIMESTONE AND MARLY HANNOFOSSIL LIMESTOHE
% Loy  MESASCOPIC CORE DESCRIPTION gRY-A/1 HEGASCOPIC CORE DESCRIPTION,
56Y 5/ mestone , t r 58 7/1). ra i ang
2] Burrows ccmno!!g thmghou%.‘gr_){mt{c se}ams Tooks like "lmrh'le with irregular dark
develop in some part. The irregular clay wispy bands are numerous. Burrowing
M stringer and styolic seams give the rock ™ throughout. Dark greenish gray (SGY 41)
a "marbled” appearance. Marly limestone. marly 1imestones show poorly defined
- 5GY 5/1 Dark greenish gray (56Y 5/1), greenish Lo AM laminations and some burrowing.
g]. gray {5 /1) with many laminations and 2. 121 58 9/1 i
L= sandy texture. £ |=
2le 52 1-5  1-121
2 o= TEXTURE =5 Sand "
s 2 v 58 71 1-30 45 =13 51t 208 0%
=|E T Sand " 0% ol A kL Clay 80% B8
A8 = e st 200 20t b= &
e = ‘o 2 LT Clay T8% BO% e - ] COMPOSITION (S5)
&= ¥ w s ] -5
% % E 56 6/1 COMPOSITION (55) g E E 92 58 9/1 ;;: E?rbonaﬁunspecif{ed
. B ) - - 5 ay
- - el [ -
= o 55% Carbonate unspecified ) 20% Nannos
% > 2 T 404 Clay i E’ 8 E Ll 2% Forams
e|8 2 R — 16 4% Forams E|= = -
= = 1% Nannos ~ = -
2 "E 8 e e o 58711 = E = 28 0% Clay
2|8 e T 4-5 =ls © 25% Nannos
2|5 & L e E0T Clay 2|= o 10% Carbonate unspecified
- E = 3 56 6/1 45% Carbonate unspecified el 3 2% Quartz
“ 2% Na w
gle 1% Fo::: ié_. Tl:.u Carbonate Bomb: 1-51 to 52 cm = 35.8% CaCOy
=Y =
2= Carbonate Bomb: 1-72 to 73 cm = 35.71% CaCl, 2 - OF giwh tarbon-garbnnar.e D50P
L B dad a <0 «ly
g2 5 SeYsn Carbon-Carbonate (D5S0F é L :—u—:: :
g 0, U.1, = v Carbon-Carbonate (06
l_L T I T -130 el Vely
58 7/1 g oem e 3-150 (6.6, 0.2, 54
i
4 4 e e
92 56Y 501 —:171:'1
i i m
— |.' — YA
w - I L T ‘_‘L
| ep Core I | 5B 7/1 AN AN tore  FTTT ce 58 9/1
Catcher] o s Catcherfx = e
p- I - I - I - T  m—

* MIDOLE TO LOWER ALBIAN (forams)

UPPER ALBIAN (nannos)

* *Ticinella primula to Ticinella bejacuensis

Explanatory notes in Chapter 1
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Site 364 Hole Core 33 Cored Interval: 843.5-852.0m Site 364 Hole Care 34 Cored Interval: 872.0-881.5 m
FOSSIL z )l - FOSSIL ™
ZONES | cummacten |- 4 SHE NS | cwmmacter |- " glg
— [ |
8 glels B[ & [ crmowosy [ 2125 LITHOLOGIC DESCRIPTION glg glg|s 2| & | Limowosy | £ LITHOLOGIC DESCRIPTION
HHE B = 1|z I E 2|2
s e E [ E3 R ES 8l=
0 LIMESTONE 0 LIMESTONE AND MARLY LIMESTONE
MEGASCOPIC CORE DESCRIPTION - =] MEGASCOPIC CORE DESCRIPTION
- voIn mestone. Light bluish gray (58 7/1)
Colors alternate from olive gray (SY 4/1), 0.5 with minor grayish gre:ng(ﬂ'r\' 5/1).
70 Tight bluish gray (58 7/1) to Tight ] Styolitic seams, burrows, irregular
AM 1 5Y 41 brownish gray (S5YR 6/1). Zones of well 1 a8 laminae and nodular structure are common.
™ developed lamination cut by a few burrows | em 58 7/1 Marly Timestone. Dark green aray (SGY
alternate with nonlaminated zones.. Some 4/1), greenish gray (56Y 6/1) to olive
laminae are wavy and {rregular. = gray (5Y 5/1).
o
147 5Y 401 TEXTURE £ SGY 4/1  TEXTURE
| 1-147 4-102 2 2-95 4-25
w Sand i3 [1}4 bl £ Sand ['}3
§ silt - T [} =z |e $ilt It %
El 50 Clay 97% 0% 'g % = Clay 973 98%
. 2 "o o
E 13 COMPOSITION (S5) E E .g A a5 CEIWS]"M 55
; § TEX Carbonate unspecified E _.‘-_' : S6Y 6/1 53T Carbonate unspecified
=2 SR 6/1 zgt‘ ﬁlar ] £ 40% Clay
e annos Els =2 2% Forams
|5 - B g2 B m 2% Quartz
Zl= - 318 & | 8 1% Nannos
5 = ¥ o H5% Carbonate unspecified ~18 2
L 5% Clay =la 'S 58 7/1 4-25
s|s £z 3 15% Nannos 5 E s 75% Carbonate unspecified
=l E E 25% C1
=|s 2 s8N Carbonate Bomb: 1-105 to 106 om = 86.3% = bh M s B
=3 “ catly ("l & Carbonate Bomb: 1-138 to 139 cm = 24.6%
3|z 2 p 5|z s o o CaCO;
= ..:E—: * 7 Carbon-Carbonate (DSDP o ¥ =3 o
gz 3 75 (7.2, 0.7, bl i & sn Carbon-Carbonate (DSOP
& = = . n
=l2 E 5871 Grain Size (DSOP =] e
=1z - .4, 35.7, 55.9) =3 sY 571 Carbon-Carbonate gmz
w e 3-130 (6.7, 0.6,
g|2 4 4 3-150 (6.4, 0.1, 52)
* 102 56 51 Grain Size (DSOP
56Y 5/1 = , 3.7, 62.8)
T T . 1§ -  §
e e e R i IS
1
\ Ll L Rare._ jeTrtr iy
(:l:-' % Folds i o et
. 21 i3 s v _:’ Explanatory notes in Chapter 1
Ee==== >
RP
e o
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Site 364 Hole Core 35 Cored Interval: B91.0-900.5 m Site 364 Hole Core 36 Cored Interval:910.0-919.5 m
FOSSIL wl . FOSSIL = | w
ZNes | oMRACTER fof glg|s I0NEs | CHARACTER fo| ) g g‘ =]
ML CECLIN 1 =4 B —1 2
glg alglz £l & | cimioroey | £ [ & LITHOLOGIC DESCRIPTION dle glg|g gl & | tmoosy | E |45 LITHOLOGIC DESCRIPTION
£ 2152 = ] g 2|22 g 8 sle| 2
g (8|2 El = g a2 il =1
0 LIMESTONE AND MARLY LIMESTONE 0 LIMESTONE AND MARLY LIMESTONE
VoIiD -]
L A m—
™ o MEGASCOPIC CORE DESCRIPTION b MEGASCOPIC CORE DESCRIPTION
J Limestone. Light biuish gray (58 7/1) 3 mestone, Gray (5Y 6/1) to light
Contorted with zone of greenish gray (56 5/1). 0. 5— voID bluish gray (58 7/1) with minor greenish
bedding Some wavy lamination, contorted bedding m gray (5GY 6/1) stringers and laminae.
"é‘ appear deformed locally, Burrowing i 1 - The Tower half core is strongly folded
cls present only in Tight layers especially ] o = and appear to be "slump" structure.
5= near top. El= 1. 14 5Y 6/1
15 58 7/1 2lE TEXTURE
L
= _E o TEXTURE a =
gls 2 Z1g - Nodular 0% Sand
= = 3T Sand s . 20% 511t
=l ¥ 258 Silt 2. & 58 7/1 80% Clay
™ & - ]
b = 72% Clay ™ =
gl18 & glz & COMPOSITION SS
=lz COMPOSITLON (SS) = & 1113 T
~ § é BE 56 4/1 = = 5 - 2 77% Carbonate unspecified
g12 oM 0% Clay 2|z H 56Y 6/1 20% Clay
tld g 331 Carbonate unspecified gl 2 31 Dolomite rhombs
elg 2 wan 15% Forans 58 & <
= 3 7% Dolomite rhombs = 2 - Folding Carbonate Bomb: 2-40 to 41 cm = 81.0% CaC0y
El= =« 56 5/1 2% Hannos |2 = % Contorted
=K 1% Quartz I bed
2|5 2% Pyrite Eleg =«
ol B} g 6Y 4/1 = |:2 4
& 3' Carbonate Bomb: 1-17 to 18 cm = 74.2% = E n
®
~ sY 41 Cacoy g 3 <| saren
Carbon-Carbonate (DSOP
core [T e o [cH tore FrTIrT cc
ol B Catcher] 1, I : Catcherf—y——1—
1 T 1 1§ 1§ e

Explanatory notes in Chapter 1
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Site 364 Hole Core 37 Cored Interval: 929.0-938.5 m Site 364 Hole re 38 Cored Interval: 348.0-957.5 m

g

60%

FOSSIL
wones | conmacten |- % g 5‘ zones | ouacter )of E 5‘
] = =
gl 2 o 2| & | Liowoey | |2 LITHOLDGIC DESCRIPTION & g @ £l = | Limowoey | £ |2 LITHOLDGIC DESCRIPTION
- 1HE g & HE HHE g% Sl
(23] | | H IGE HE
0 LIMESTONE AND MARLY LIMESTONE 0 MARLY LIMESTONE AND LIMESTONE
1 ) —_ I - 1§ - i §
s MEGASCOPIC CORE DESCRIPTION — MEGASCOPIC CORE DESCRIPTION
I s s mestone. Light bluish gray (58 7/1) i — — . 56Y 6/1 Marly Timestone olive gray (5Y 4/1)
0, 5 T with several darker laminated zones with 0.5 . L ol L s Taminated heavily. Burrowing 1imited.
B o — 58 7/1 greenish gray (56 6/1) laminae. Many o = e e Limestone, 1ight bluish gray (5B 7/1)
1 . olive gray (5Y 4/1) patches that appear 1 T T 58 71 massive limestone, heavily burrowed.
e to be disturbed burrow fillings. Marly o e Bluish black halos around some structure
1.0 s s 1 1imestone: greenish gray (56 6/1) and RR i S e may be organic remains.
e o S 1 olive gray lis'l' 4/1) with strongly RIS —
. 0 G laminated layer in some area. o 7 TEXTURE
= s TEXTURE “5% Sand
= e 3-50 4-145 30% 5ilt
S Sand W owm 4N §5¢ Clay
= silt 15% 258
2 5 Clay 851 7ex 2 8% 41 COMPOSITION (SS)
7. ] SY 4/1 COMPOSITION (S5) 38% Carbonate unspecificd
= =} 25% Organic matter
512 45T Carbonate unspecified - 15% Nannos
e 35% Clay 8 15% Clay
=|e - = 8% Dolomite rhombs £ 10% Dolomite rhombs
Sl § = 3% Hannos £ sv 41 S% Forsms
=] & ] - yrite
: = ‘é e 50 56 6/1 4-145 H ::: § T Quartz
2 ] H41 Carbonate unspecified = B =
8 ,3, e 3 -:‘ 15K Clay 2|5 ¢ 3 Carbonate Bomb: 1-21 to 22 cm = 86.6% CaCls
3% Rannos o
fg g é - 3% Pyrite 'g" - 5 109 Carbon-Carbonate (DSDP
2 & 3% Forams =2 H - . .
|z ¢ ] min 2% Dolomite rhombs Il 5 6-116 510.6. 1.4,73)
cls w |2
= = g Carbonate Bomb: 1-6 to 7 om = 81.8% CaCly § E. §
2z £ . Sl % 5Y a/1
= |2 — 1% =
=|= 5Y 411 = |2
£z £lE 4
5 58 7/1 2 58 7/1
&
145 5Y 41 = 5Y 4/1
5Y 372 -]
5 =
58 711
Mo e F SY 471
=
-
6
AM | AP Core cc
. Catcher

Explanatory notes in Chapter 1
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Site

364

Hole

Cored Interval:967.0-976.5 m

AGE

FORAMS

TOKE

FOSSIL

HANNOS

CHARACTER

LITHOLOGY

DEFORMATION

LITHO.SAMPLE

LITHOLOGIC DESCRIPTION

UPPER APTIAN (forams)-MIDDLE ALBIAN (nannos)

Globigerinelloides algeriana

Prediscosphaera cretacea

CM | AM

=]
wn

slacaalanty

voIo

1

Core
Catcher

cc

5% 41

5Y 71

5Y 3/1

5Y 4/1

5Y 3N

5Y 6/1
Barite vein

MARLY LIMESTONE AND BLACK SHALE WITH
WINOR SAPROPELIC SHALE

MEGASCOPIC CORE DESCRIPTION

rly Timestone, most 1ight gray (5Y 7/1})
and Tight olive gray (5Y 6/1) to olive
gray (5Y 4/1). Black shale, petrolified
odor. 0live gray (5Y 4/1) to olive black
(5Y 2/1). Laminated.

TEXTURE

Sand
silt . 25%
Clay  ~70%

COMPOSITION (S5
=118
BF% Carbonate unspecified
20% Organic matter
15% Clay
10% Dolomite rhombs
3% Nannos

2-118 CC
o

%
251
75%

£C

871 Clay

10% Organic matter
3% Dolomite rhombs
3% Quartz

2% Pyrite

Carbonate Bomb: 1-140 to 147 cm = 16.1%
CaCly

Carbon-Carbonate (DSDP

Carbon-Carbonate (0G
3-150 ]miri 2.4, eai

Shell
{Inoceramus )

5Y 6/1

Shell

Site 364 Hole Core 40 Cored Interval: 986.0-995.5m
FOSSIL Wl
ZONES | cuRACTER 2 o § %‘ g
gle 2|z]|e £ & | umoosy | E 4| & LITHOLOGIC DESCRIPTION
g Z|3|E 12| Slgla
g 2|z = B
0 LAMINATED LIMESTONE AND MARLY LIMESTONE
= WITH BLACK SAPROPELIC SHALE
- MEGASCOPIC CORE DESCRIPTION
0.5~} Vol Ve gray o thinTy laminated.
] 4 Most lamination are straight and parallel.
1 - Small faults and folds are observed in
— the upper part of the core, while Tower
1.0 half dips steeply up to 60°. Petroliferous
= odor.
-] 5Y 4N
132 TEXTURE
0% Sand
15% 5§1t
- 85% Clay
§ 4 COMPOSITION (S5
£ T3 5Y 31 -
2 e 5% Carbonate unspecified
= - 35% Clay
= e I 8% Dolomite rhombs
== 5152 3% Nannos
2= - T T Quartz
gls & 4 T
& = ] -+ Carbonate Bomb: 2-132 to 133 cm = 85.8%
gl= = : CaC0;
els o 3
bl o g E - Carbon-Carbonate (DSDP
“le = R 8 B
glz £| | : '
x | = & ) L
|t ] T
F b
112 3 & -
E § .5 AM i 2 -
= G [ 7 o % Reverse faults
- I I 1§
= 4 =S S
2 I \ Inclination
o I e \ 60° maximum
E I e \
5 By | Y
[ . — I
AN ey N 5Y 5/2
I - T - I - 1 \
T : T : T I‘ T N\
5 e e s
JTI. - I \
Se=== \
L LI \
i - \
=%
Core L
o8 Catcher] ; T cc
T

Explanatory notes in Chapter 1
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5ite 364 Hole Core 41 Cored Interval: 1005.0-1014.5 m Site 364 Hole Core 42 Cored Interval: 1024.0-1033.5m
FOSSIL ™ ZONES FOSSIL = [u]e
Z0MES | ioxeren 2 o g § CHARACTER || . =} g g
=i =3 g =
= R Y gl & | imholoey | £ |2 LITHOLOGIC DESCRIPTION gle alels gl & | umowey [F |45 LITHOLOGTC DESCRIPTION
£ E1E2 2l & HE g Z|3|2 gl ¢ ElE|g
el HIR E] = 2 ES A E dgls|=
0 MARLY LI%ST?[%[ BLACK SAPROPELIC SHALE 0 MARLY DOLOMITIC LIMESTONE ALTERMATING
] L 5 . WITH BLACK SHALE
] MEGASCOPIC CORE DESCRIPTION = yoIp MEGASCOPIC CORE DESCRIPTION
5= nly Taminated marly 1imestone with 0.5— Light blufsh gray (5B 7/1) limestone.
7 petroliferous odor and appearance of Some have numerous fractures, heavy
1 1 -] voIp sandy texture. Mostly olive gray (5Y 4/1). 1 [ TRkt B burrowing, pyritic burrow fillings.
E -1 In the Tower half of the core, some layers B Dl ey Some fragments appear to be rounded
% U of massive limestone with burrowing with R T Breccia  clasts rather than burrow fillings.
S = greenish black (56 2/1). E Laminated calcareous mudstone olive
= — = black (5Y 2/1) to gray black (N2).
@ 143 5Y 4/1 TEXTURE
< ¥ 5Y 2/1 1143 e TEXTURE
" @ 5% Sand -87 to 89
2 8 40% Silt 58 7/1 3
5 E 55% Clay 20% 5t
Ela ¥ 2 501 Clay
= e 5Y 4N COMPOSITION (S5
El
=ls - Laminated COMPOSITION (Thin section)
=1 K3 M BT Carbonate unspecified 6-87 to 89
218 " 20% Dolomite rhonbs 58 7/1 Ve
g E Zg lt‘;la{ 20% Forams
=1 — yrite 15% Organic matter
ol &= 5Y 211 2N 114 Carbonate unspecified
= Carbonate Bomb: 2-140 to 141 cm = 35.4% FP 10% Dolomite rhombs
g H CaC0y 2% Quartz
ST 2% Pyrite
Els Carbon-Carbonate (DSDP 3 I
= |5 AP - .0, 3.8, 0 + e o Carbonate Bomb: 2-17 to 18 om = 16.5% Cally
=12 ] - 3 g v e
E « = Carbon-Carbonate (0G g ] Carbon-Carbonate (DSDP
] 5
o = . - - 2 . =
& g 8 3-150 (12,2, 6.0, 51 £ - e e 56 7/1 6-32 {25.5. 22.5, 25)
= 9 cp = g s e
s 5| 2 =
— -
= 56 2/1 - b AP
4 g 2 4
£ 56 3/1 bt H
g ="
56 2/1
56 21
RP| FP
c o
5Y 2N
5
58 71
20 Ammon | te
P K2
6
S6Y 41
87 d
2 Core |-
2 e |Catcher- ¢G

Explanatory notes in Chapter 1
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Site 364 Hole Core 43 Cored Interval: 1033.5-1043.0m Site 364  Hole Core 44  Cored Interval: 1043.0-1052.5m
FOSSIL w FOSSIL L
INES | cuamacTir | = o 5 § Z0MES cuamacTER | ?_. g
= =
gle 2l|z]e E| # | vrmioloey | £ | =2 LITHOLOGIC DESCRIPTION e g £l & | umhowosy | B |2 LITHOLOGIC DESCRIPTION
x 2|3 g gl & e E3 £ bl S Sz
£ = = u 21E = -3 2 W 2 2z
g z|2|= g5 E & sl5
0 LIMESTOME AND BLACK SHALE 0 ALTERNATING DOLOMITIC LIMESTONE AND
{Fart of Timestone is dolomitic) BLACK SHALE
VOID L,
2l MEGASCOPIC E DESCRIFTION - MEGASCOPIC CORE DESCRIPTION
0. 518 v 21 Cimestone, greenish gray (56 6/1) to 0.5 BYack [N1) shale interbedded with olive
E z light bluish gray (58 7/1). Very heavily 1 voIp gray (5Y 4/1), dark greenish gray (5G6Y 4/1)
1 b burrowed, somewhat brecciated, delomitic. 1 = and olive gray (5Y 4/1) limestone. Lime-
o e Lower part has numerous fractures and - stone moderate to heavily burrowed. Shale
1.0 faults. Black shale, olive black (5Y 2/1). 1.0 thinly laminated, fine-grained, uniformly
IS R Some evidence of minor burrowing at top. black shale is calcareous.
: ‘ : - : - 56 6/1 4] 5GY 4/1
— TEXTURE =t | TEXTURE
337 o B ar
3% Sand X Ll 0% Sand
328 5ilt 1 = = 85% 5ilt
58 7/1 E5% Clay + : T : = 15% Clay
2 COMPOSITION (SS) z e 5Y 4N COMPOSITION (5SS
ay 4-9
28Y Dolomite rhombs ; 3% Dolomite
58 7/1 10% Carbonate unspecified 5% Carbonate unspecified
1% Pyrite T Quartz
Carbonate Bomb: 2-109 to 110 om = 90.5% Carbonate Bomb: 2-17 to 18 cm = 53.5% CaCO,
03
H 3 Carbon-Carbonate (DSDP
S Carbon-Carbonate (0G - 4, 1.2,
3 B T, 1.4,
Y 41 1-150 (9.5, 0.3, '77)
o0&
L]
" 5GY 5/1
5 a1
cc

Explanatory notes in Chapter 1
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Site 364 Hole Core 45 Cored Interval: 1062.0-1071.5m
FOSSIL u
ZONES | cnmAcTER - 3 %'
=
glg g g & £l @ | Limioosy | E |2 LITHOLDGIC DESCRIPTION
i E|3|2 = gle
w § E = s =
0

DOLOMITIC LIMESTONE AND BLACK SHALE

MEGASCOPIC CORE DESCRIPTION
Ve gray o olive black
(5Y 2/1) dolomite, heavily burrowed.

SY 411 Faulting and contorted laminae are
1 observed at the lower half of the core.
N1
TEXTURE
5Y 4/1 0% Sand
80% Silt
20% Clay
N1 COMPOSITION (SS
olomite
P 2 30% Clay
= 5% Carbonate unspecified
2 83 51 21 2% Pyrite
N Carbonate Bomb: 1-140 to 141 om = B0.3%
CaCiy

gl gl
u.:.&.i_.:.
_:J._‘_-l-_‘_-.l_
4 =
:l.r_i..x_::-l-'
= ]
:"..:.".4_"‘.
T
l..-‘__l-‘-—-l-
Core e "= ] cc
Eatcher‘_ir‘_i_‘_.
Site 364 Hole Core 46 Cored Interval: 1081.0-1086.0 m
FOSSIL w
0NES | cumracTER & o g g
i
g - § £ &= | vimHoosy g i LITHOLOGIC DESCRIPTION
= g ol W =3
= 2lE
. 3 ; = =
0 DOLOMITE
. MEGASCOPIC CORE DESCRIPTION
] voID ve gray ark oli-e gray
.5} (5Y 3/1). Dolomite, heavily burrowed.
1 . TEXTURE
o | s .
ke 5% 3
2 e e I SAN gsg sie
e ] 5% 3/ 132 Clay
COMPOSITION (SS)
omite
10% Clay
3% Carbonate unspecified
2% Pyrite
T Quartz

9¢ 4LIS

Explanatory notes in Chapter 1
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Site 365 Hole Core 1 Cored Interval: 225.0-234.5 m Site 365 Hole . Core 2 Cored Interval: 320.0-329.5 m
5 FOSSIL wl -
tones | conmacten =T g g IONES 1 CHRACTER | o SHHE
w - = =1
gle alg|zlg g & § & LITHOLOGIC DESCRIPTION gle alels B 2 | tmower | £ |45 LITHOLOGIC DESCRIPTION
s 2|Z|E|2| |8 & gle 2 |32 = slel
E z|B|z|5] |® E|E B 2|E(Z (5|8
[ (e = als =g i)
AG | AG
i] 5Y 471 7.1 meters of olive gray (SY 4/1), 0 Black (N1) pyritic and organic-rich
olive black (5Y 2/1), and dark gray -] Taminated mudstone overlying Tight
green (56Y 4/1) mud containing - bluish gray (58 7/1) marly nannofossil
carbonacecus material and pyrite. . ch:"; and ﬁf“"}' Ilﬂ:‘:g gr:_vh%ssksm
Underlying the mud is 30 on of mod- = 0.5 mudstone. n inte 5 0 ac
erate brown [5YR 4/4) terrigenous 2 . Voo Taminated mudstone present in Section 3.
6 1 75 5Y 2/1 g?ﬁa:?ﬁo 3 i;: ::d:rat! ?;g:nsfﬂ % 1 - Is.::g:: ngping 30" in top 10 cm of
a ght brown 2 .0 i
calcareous nannofossil coze. e
i 3 o LAMINATED MUDSTONE (Sections 1 and 2)
v E N 55 1-137, 2-10
55‘1 75, 2-75, 3-75, 4-70, 5-75, 6-60 - 2 60-70% Clay
70-95% Clay £ E 10 Z| w00 dips 5-10% pyrite
3-10% Pyrite b - - = 10-15% Organics
2-10% Plant debris = 5 10-20% Quartz
5y 2/1 1- 5% Quartz = = T Fish remains
2 / 2- 3% Mica = - T Unspecified carbonate
C4] 1- 5% Forams 4 1% Heavy minerals
T- 5% Nannos
0- i: Diatoms k] sand: 1%, SiTt: 15%, Clay 84%
0- 4% Rads
0- 2% Sponge spicules _g_ o va NANNOFOSSIL CHALK (Section 3)
- 1
Sand: 1%, 5ilt: 15%, Clay: 84% ; 35 i gg gla
58 7/1 b
MUD (Section 6, 70-100 cm) = 5% Pyrite
14 S5 6e28, 675 g we | on by, ‘M 1% Dolomite rhombs
3 75 sv an 75% Clay 2 5 58 7/1 5- ;: gua;:x
w 3% Pyrite o g 58 5/1 eolites
= 5% Zeolites 103 2% Unspecified carbonate
§ 2% Iron oxide o R
o 15% Quartz .:? mn Sand: 1%, 5il1t: 15%, Clay 84%
= | —
; Sand: 0%, Silt: 3-5%, Clay: 95-97% RG [ CM MUDSTONE ;S%;ion 3)
L - ;E J'Eﬁn =
= NANNOFOSSIL 0OZE 80-85¢ Clay
& Y 41 et = 5-10¢ Pyrite
" 4 70 e B Mammes 2- 5 Quartz
= ay =
2% Plant debris T- 2% eolites
1- 2% Quartz T- 1% Heavies
T- 1% Dolomite rhombs
Sand: 0%, Silt: 20%, Clay: 80% ; :n:peciﬂed carbonate
ads
Cmrs: Fractions: 1 cc red and gray T- 1% Mannos
orams » Mica 35%, plus traces
56 211 of Fish teeth, Glauconiu and Pyrite. Coarse Fractions: 2 cc white
Gray: Pyrite 65‘1 Forams 30! Barite orams 55%, Lith. fragments 35%, Pyrite
5 75 4%, plus Fish teeth, Quartz, and Mica. 7%, Quartz 3%, Mica 1%, Fish debris T,
al ragonite .
Carbon-Carbonate (DSDP
56 6/1 - .8, 1.0, Carbon-Carbonate (DSDP
6-122 (7.9, 0.0, 66} 4% (15.7, 15.6,
- ** CAMPANIAN (on reworked forams and nannos)
Cfrbm r.frllrnn?te’ 2% Explanatory notes in Chapter 1
Ll 56Y 4/1 5-150 (3.0, 2.5, 4)
7 Grain Size (DSODP
6 8 s GRS )
RM 6-115 (0.0, 32.7, 67.3)
i = e =
o bl g Fasht hao SYR 5/6
=L A
P .-Li-l—:::_l.
re
N ot B S
RM | AM Catch!r_"t_L_L_L

** CENOMANIAM-ALBIAN (on reworked forams and nannos)
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Site 365 Hole Core 3 Cored Interval: 396,0-405.5 m Site 365 Hole Core 4 Cored Interval: 462.5-472.0 m
FOSSIL il - FOSSIL =[]
ZONES GHARACTER )= E g g Z0NES | GIARACTER f= = % 3
] 2 zlols i E LITHOLOGY g b LITHOLOGIC DESCRIPTION gle g g gz |z[B g | LimioLosy § - a LITHOLOGIC DESCRIPTION
g E[Z|E| | P HHE - HHE RS HHE
o b alg|e i ZI2|2|=]|= S| D] w
0 Laminated claystone and mudstone with 0 Brownish gray (5YR 4/1) and medium
i YoID 1 thin bluish white (58 9/1) limestone bluish gray (58 5/1) mudstone with
bed. Black (N1) is predominant color. minor amounts of dark reddish brown
)7 Dark greenish grly (56Y 4/1), greenish — 5YR 4/1 (10YR 3/4) mudstone. Red and brown
# black (56Y 2/1), and brownish black ] 108 3/4 colors identical to grays except for
. / N (5YR 2/1) layers are present. Soft mud = = percent of iron oxide. Section 2 has
z % occurs near base of Section 2. Moderate 2 - 75 10 cm of greenish gray (5GY 6/1)
] f burrowing., e 80 dolomite cemented sandstone.
=] 7 B 5YR #4/1
e LAMINATED CLAYSTONE AND MUDSTONE . MUDSTONE
& §5°1-80, 2-70, 2-95, 3-100, CC s ] 145 =75, 1-80, 1-145, 2-45, 2-115
a 50-60% Clay = = 70-75% Clay
=] | — 10% Quartz 2 | 58 5/1 15-20% Wica
= 5-15% Mica 5 2-10% Quartz
z (&y M 3-10% Pyrite d : 45 b b E;Hte
E e 2| s 10-15% Drganics s T Chiorite
5 s6Y 2/1 2% Dolomite rhombs | lan 56 5/1 T Heavy minerals
s = / Nl T Nannos § | 56Y 6/1
5 . par} Sand: 2%, 511t: 25%, Clay: 732
z SR cuavstone MUDSTONE 3 1 sl LA Y
w g W 0% Sand 4% Sand E 58 51 SANDSTONE (75-85 cm in Section 2)
§ 5% 5ilt 30% silt =] | Coarse-grained green sandstone that is
s g 951 Clay 66% Clay = RP ce cemented with carbonate in lower 4 cm.
= ‘//‘ Coarse Fractions: 3 cc 35-40% Quartz
§ é N1 Forams Eii. Lith. fragments 9%, Pyrite 5% Feldspar
§ 5%, Quartz 1%, Feldspar T%. 3% Chlorite
= S6Y 41 3% Mica
Carbon-Carbonate (DSDP) 1% Epidote
(1] = .5, 17.4, 1% Opaques
T Zircon
Carban-Carbonate (06 453 Dolomite
1 -120 {6.7, 6.5, 3% Carbonate
AN | AM 1-150 (2.4, 2.4, 0
" Dolomite occurs as silt-size rhombs.
Larger carbonate fragments present.

** CENOMANIAN-UPPER ALBIAN (on reworked forams and nannos)

Sand: 40%, Silt: 40%, Clay: 20%

Coarse Fractions: & cc

Quartz 40%, Unspecified carbonate 25%,
Fish teeth 18%, Mica 7%, Pyrite 6%, and
Epidote 4%. :

Carbon-Carbonate (0OSOP

Grain Size (DSDP
T’l}"’(ﬁ_{‘e‘. .2, V8.1, 81.6)

Explanatory notes in Chapter 1
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Site 365 Hole Core § Cored Interval: 510.0-519.5 m : Site 365 Hole Core 6 Cored Interval: 614.5-624.0 m
FOSSIL ==l FOSSIL z |8
3 20NES | CHARACTER = 5
ZONES CHARACTER 3l 2 = H Y = =S EH
g é glglglzlz]5] & [ vimowosr S LITHDLOGIC DESCRIPTION & g § glz|e|5] B | vimowoer | £ ; ) LITHOLOGIC DESCRIPTION
SIE|=] ¢ sl . g = S(S|EE = o :
k;g;éz“ ) g =|E[z]|E]E 215|8
0 : Greenish gray (56 6/1) mudstone with 0 Mudstone: greenish gray (56 6/1),
31 scattered fine sandy layers that medium bluish gray (5B 5/1), with
| probably represent turbidites. One bed minor reddish brown. Moderately
o : — l:sgr:::: ?;‘;:?:1:«9 1; :oderateﬁ::; Lj aEn \t:urroued].' Agglutinated benthonic
. ly re burrowed. ‘oramini white " ks
| | == I Zoophycos occur in Sections 1 and 2. @ 7ol g iurthenda:;‘mﬂg::;efs S
W ::gu'lar mud clasts occur in Section 3 s
| ween 75 and 150 cm. MUDSTONE
- @ : [ i MUDSTONE S5 1-70, 2-75, 3-40, 3-120, 4-40, 4-107
z @ 65-70% Clay
g 2 - 06 S5 1-109, 3-90, 2-105, CC 20-25% Mica
k] ; | aﬁ Clay L, 3- 5% Quartz
5 i Quartz = 1- 3% Pyrite
£ - | Mica 5 1% Heavies
: 50 1% Pyrite 5 56 4/1 T- 5% Zeolites
£ | e T Heavy minerals e T- 5% Chlorite
E 2 = - : Sand: 1%, Si1t: 10%, Clay: 89% H 6 75 Sand: 1%, S{1t: 25%, Clay: 74%
105 €
S - 6 ] | SANDSTOME (Thin beds in unit) = Coarse Frl:l‘lnns 6 cc
w z & 55 2-50, 3-40 ] artz debris 33%, Mica 25%,
g 2 = = | 65- ?g: gq;::ar < g;spet.lﬁed carhonate 0%, arul Pyrite
g g 3- 5% Mica i
a - 10 15-20% Clay = - 10R 3/4 Carbon-Carbonate (DSDP
& " i 58 5/1 2- 3% Heavies g g i 15 (0.4, 0.4,
g i) 3- 5% Pyrite 2 =
=1 3 ju 2 Grain Size (DSDP
2 3 90{ea Sand: 70%, S11t: 20%, Clay: 108 ; RP G 3-16 [2.5, 55'5"‘35 9)
m -
0 o 10R 4/2 Coarse Fractions: g 120
6 3 58 5/1 Quartz 65%, Unspecified carbonate 25%, =
w Ls Fish teeth 1%, Chlorite 5%, Mica 2%.
Rl 2 Co 56
Cateherd Cfrbon-Carhonau DSop
A, 0.0, 40
Carbon-Carbonate (0G 4
il <ey U,
1-150 Eu,z. 0.1, 1) Wi
Grain Size (DSDP
-3 (1.2,716.8, 82.0) wl| |4
=
| g Core cc
Catche

Explanatory notes in Chapter 1
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Site 365 Hole Core 7 Cored Interval: 681.0-687.0 m

FOSSIL =|4]=
IONES CHARACTER |=| 2 g g
- g L= =
§ g g § E - % b § LITHOLOGY g H 73 LITHOLOGIC DESCRIPTION
Zla |5 # g 3
g z|E[3]2|2 ] § 5
0 Medfum blufsh gray (58 5/1) mudstane
5 56 4/1 with abundant white benthonic foraminifera.
o |rp 5lightly burrowed. At top is 12 cm of
3 greenish gray (5B 6/1) sand with numerous
= black grains. This same sand fi1ls between
= the core and the Tiner in both sectiens
% 1 75 58 211 and probably represents a sandy unit
E between Cores 6 and 7 that was washed
- instead of cored.
=
5 L~ Zoophycos MUDSTONE
2 ~15, 2-90, 2-125, CC
= 80% Clay
= AP 5-15% Mica
£ 3% Quartz
— 2% Pyrite
w 2 38571 T- 22 Chlorite
] %0 1- 24 Zeolites
gl - 0- 3% Organics
82 ] s ok 472 Sand: 1%, SiTt: 10-15%, Clay: 84-B9%
wh 4 58 5/1
[ SAND
B3 Re E Core o 55°7-5
ot = Catcher] 49% Quartz
| P 10% Mica
20% Clay
6% Pyrite

15% Zeolites

The numerous euhedral silt-sized reolites
in this sand suggests ft is a washed
residue from the drilling operation.

Coarse Fractions: 7 cc

fQuartz and Fedlspar 30%, Lith. fragments
50%, Fish teeth 9%, Mica 5%, Unspecified
carbonate 2%, Pyrite 1%, Forams 2%,
Pyritized rads TX. Some quartz well-
rounded.

Carben-Carbonate (DSOP

0.1, 0.1,

Grain Size {DSODP
- 4, 40.5, 59.1)

Explanatory notes in Chapter 1
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