2. SITE 511!

Shipboard Scientific Party?

Date occupied: 15 January 1980; 0611 hr. (beacon dropped)

Date departed: 21 January 1980; 0342 hr. (underway; beacon close
aboard 0532)

Number of holes: |

Time on hole: 141 hr.

Position: 51°00.28'S, 46°58.30'W

Water depth (sea level; corrected m, echo-sounding): 2589
Water depth (rig floor; corrected m, echo-sounding): 2599
Bottom felt (m, drill pipe): 2602

Penetration (m): 632

Number of cores: 70

Total length of cored section (m): 632

Total core recovered (m): 385.62

Core recovery (%): 61

Oldest sediment cored:
Depth sub-bottom (m): 632
Nature: Black mudstone and nannofossil mudstone (black shales),
rich in organic matter
Age: Late Jurassic
Measured velocity (km/s): ~2.3

Principal results: Drilling at Site 511 gave definitive results on the na-
ture and age of the seismically determined wedge of sediments on
the Falkland Plateau. The section drilled and continuously cored
in the basin province of the plateau, about 10 km south of Site 330
on Maurice Ewing Bank, consists largely of diatomaceous, nanno-
fossil, calcareous, and zeolitic oozes of Paleocene-Eocene to early
Oligocene age between seafloor and a major erosional unconfor-
mity at 195 meters depth. This unit is underlain by 14 meters of
early Maestrichtian calcareous and zeolitic calcareous oozes fol-
lowed by 203 meters of zeolitic clays and claystones of Turonian to
Campanian age, below which are 86 meters of early Albian to
Turonian claystones and nannofossil claystones and chalks, The
chalks rest on mudstones and nannofossil mudstones of Jurassic to
early Albian age, rich in organic matter and called the black shales,
of which 134 meters were cored for a TD of 632 meters below sea-
floor. A depositional hiatus of some 20 m.y. separates the Jurassic
from the Cretaceous sediments.

At Site 511, the first successful heat flow measurement was ob-
tained on the plateau, through use of the Downhole Temperature
Probe. The heat flow is 1.5 HFU.
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BACKGROUND AND OBJECTIVES

The Falkland Plateau extending eastward off south-
ernmost South America is bounded on the north by the
Falkland Escarpment and on the south by the Falkland
Trough and North Scotia Ridge (Fig. 1). The western
part of the plateau is a segment of oceanic crust (or at-
tenuated continental crust) over which have been depos-
ited 4-6 km of sediment in a basin bounded by the Falk-
land Islands Platform on the west, a narrow ridge asso-
ciated with the Falkland Escarpment on the north, Mau-
rice Ewing Bank on the east, and the North Scotia Ridge
on the south. Maurice Ewing Bank, a subsided conti-
nental block that received thick carbonate as well as sili-
ceous biogenic sediment throughout most of its history,
forms the eastern part of the plateau.

In the basin thick, widespread sheets of sediment dip
southward from the Falkland Escarpment ridge and are
terminated updip by erosional truncation (Ludwig, this
volume). They lap out against the Falkland Islands Plat-
form and Maurice Ewing Bank. The lower boundary of
the depositional sequence has been disrupted through
movement of the North Scotia Ridge toward the pla-
teau, resulting in deformation and uplift of near-surface
sediment layers onto the north side of the ridge and sub-
duction of lower layers beneath the ridge.

The wedge of sediments on the plateau appears to
represent basin-slope and basin-floor seismic facies units.
In the parallel sheet-drape facies generally described by
Sangree and Widmier (1977), “Parallel reflections...
drape over contemporaneous topography with only grad-
ual changes in thickness or reflection character and sug-
gest uniform deposition independent of the bottom re-
lief. This pattern is strongly indicative of deep-marine
hemipelagic clays and oozes” (p. 176).

Site 511 is located in the basin province of the Falk-
land Plateau, on the back slope of a cuesta-type ridge
and about 10 km south of DSDP Site 330 on Maurice
Ewing Bank, where Leg 36 scientists drilled 567 meters
of Mesozoic and Cenozoic sediment above continental
basement (Shipboard Scientific Party et al., 1977). Dur-
ing Middle to Late Jurassic to late Early Cretaceous (Ap-
tian) time, shallow marine sedimentation, sometimes
under euxinic conditions, prevailed on the bank. Pre-
dominantly pelagic deposition was established over the
bank during Albian time as the bank subsided, with sub-
sequent accumulation of clays containing planktonic
fossils.

Multichannel seismic reflection records collected dur-
ing Conrad cruise 21-06 (Fig. 2) show reflections dip-
ping steeply to the south from the vicinity of Site 330.
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Figure 1. Locations of Site 511 and other Leg 71 drill sites.
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SITE 511

Under the ridge structure, reflections are weak owing to
the effect of scattering of seismic energy. Nevertheless,
several prominent reflections may be traced from Site
330 to Site 511. The unconformity that apparently marks
a major erosional hiatus on the plateau is present at Site
511. Thus Site 511 has been situated to delineate and de-
fine the depositional environment and the erosion and
subsidence history of the Falkland Plateau. Cores from
the site are expected to help clarify the biostratigraphic,
biogeographic, and sedimentological history related to
major changes in circulation patterns through the Meso-
zoic and Cenozoic. The paleoceanographic alterations
occurred in response to the breakup of Gondwanaland
and the initial opening and enlargement of the South
Atlantic, the development of bottom water passageways
through the North Scotia Ridge, the opening of the
Drake Passage, and the climatic evolution of Antarctica
and the Southern Ocean.

SURVEY AND OPERATIONS

Glomar Challenger left Punta Arenas, Chile, at 1535
hr. on 10 January 1980. The route to the first drill site
took the ship through the Strait of Magellan, then east-
ward to skirt the Falkland Islands to the south and on to
Site 511 on the Falkland Plateau. The magnetometer
and seismic reflection gear were streamed about midway
between the mainland and the Falkland Islands. Prog-
ress was slowed first by head winds, then by low visibil-
ity in fog, and the average speed was held to 8.3 kn. Asa
result the ship arrived on site about 18 hr. later than an-
ticipated.

Multichannel Seismic Line 142 (Fig. 2) obtained dur-
ing Conrad cruise 21-06 was used as the basis for site lo-
cation. Challenger arrived at the longitudinal location
of the seismic line at 0430, 15 January, at a preselected
point south of Site 511. After the ship changed course to
the north and the speed was reduced to 5 kn., the site
area on the back slope of a well-mapped, cuesta-type
ridge was soon located. We profiled a short distance
past the site to confirm its morphostructural setting,
turned back, and dropped the beacon at 0611 hr., 15
January. Subsequent satellite fixes indicated that at
1700 hr. we were about one mile to the east of the ap-
proved site on the Conrad 21-06 seismic line; however,
because the Challenger seismic line matched the Conrad
line, the beacon position was occupied for the site (Fig.
3).

The first core was recovered from Site 511 at 1838
hr., 15 January (Table 1). Drilling and coring proceeded
routinely to 0812, 20 January, when the hole was termi-
nated at 632 meters below seafloor (the depth corre-
sponding approximately to a 4.1 s reflector limit of pe-
netration imposed by the JOIDES Safety Panel). Heat
flow measurements were obtained at 52.5 meters and
119 meters below seafloor. Upon completion of the
hole, a gamma-ray and neutron log was run through the
pipe.

Our plan called for offsetting Challenger about 600
meters to the south and drilling an A hole to obtain a
better percentage of core recovery in the 110-220-meter
interval (below seafloor) than was obtained at the main
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site. The Paleocene section there is either missing or was
missed in the coring, and as a consequence we were un-
able accurately to date a major erosional unconformity
at 195 meters depth. However, after the drill string was
pulled above the mud line, it was found that the hy-
draulic release on the drill bit had been activated and the
bit had been dropped. Because of increasingly heavy
seas and a 7-day limitation on site occupation time
south of 50°S, it became necessary to leave Site 511 and
move on to the next site on Maurice Ewing Bank,

LITHOLOGICAL SUMMARY

A sequence of pelagic and hemipelagic oozes and
claystones was continuously cored at Site 511 to a sub-
bottom depth of 632 meters. Below a thin veneer of Pli-
ocene to Recent sediments, strata ranged in age from
Late Jurassic to early Oligocene. The dominant litholo-
gies cored were nannofossil-diatomaceous oozes, zeolit-
ic claystones, and muddy nannofossil chalks.

Lithologic units were distinguished principally on the
basis of color and composition. The six major units,
their ages, thicknesses, colors, and major characteristics
are summarized in Figure 4 and Table 2. In general, sed-
iments cored below Core 27 (223.5 m) were sufficiently
indurated to be termed claystones and chalks, whereas
those above this depth were clays and oozes.

Unit 1

Unit 1 consists of a 3-meter veneer of gray to olive
gray, siliceous, gravelly sands and thin foraminiferal
oozes of Pliocene-Recent age. Pebbles are subangular
to angular and of highly varied lithology including
quartzite, basalt, and granite. Several Mn nodules (up
to 5 cm in diameter) and manganiferous zones several
centimeters thick were encountered in this unit. These
youngest Cenozoic glaciomarine sediments unconform-
ably overlie Unit 2.

Unit 2

Subunit 2A

Subunit 2A consists of massive, gray to dark gray,
muddy diatomaceous oozes and muddy nannofossil-dia-
tomaceous oozes of Paleogene age recovered in Cores 3
to 20 (3-186 m sub-bottom). This subunit consists of
slightly to moderately bioturbated diatomaceous oozes
with variable carbonate content.

The recovered cores are characterized by severe drill-
ing disturbance resulting in the occurrence of frequent
zones of coarse sand and gravel caved in from the Plio-
cene-Recent strata above; it is thought that many of the
large Mn nodules from the lower part of this unit may
have been similarly derived. The small Mn nodules (less
than 1 cm diameter) which occur commonly in the up-
permost part of the unit are thought to be in situ.

Disseminated, very fine, sand-sized detrital glaucon-
ite is common, particularly in the lower part of the unit.

Several more indurated zones (4-10 cm thick) were
encountered in Core 12. No apparent difference in com-
position was noted between these harder layers and the
surrounding oozes.
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SITE 511

Table 1. Coring summary, Site 511.

Date Depth from Depth below  Length Length Core
Core (Jan. Drill Floor Seafloor Cored  Recovered Recovered
No. 1980) Time (m) {m) (m) (m) (%)
Hole 511
1 15 1838 2602.0-2607.0 0.0-5.0 5.0 4.89 97.8
2 15 2105 2607.0-2616.5 5.0-14.5 9.5 6.20 65.2
3 15 2213 2616.5-2626.0 14.5-24.0 9.5 6.50 68.4
4 15 2320 2626.0-2635.5 24.0-33.5 9.5 3.70 8.9
5 16 0030 2635.5-2645.0  33.5-43.0 9.5 5.98 62.9
6 16 0210 2645.0-2654.5  43.0-52.5 9.5 5.41 57.0
Heat flow
7 16 0501  2654.5-2664.0 52.5-62.0 9.5 3.54 7.2
B 16 0610 2664.0-2673.5  62.0-71.5 9.5 0.04 0.4
9 16 0730 2673.5-2683.0 71.5-80.0 9.5 9.67 101
10 16 0848  2683.0-2692.5 80.0-89.5 9.5 0.40 4.2
11 16 1000 2692.5-2702.0 89.5-99.0 9.5 4.94 52.0
12 16 1120 2702.0-2711.5 99.0-108.5 9.5 12 32.8
13 16 1243 2711.5-2721.0  109.5-119.0 9.5 0.32 i3
Heat flow
14 16 1541 2721.0-2730.5  119.0-128.5 9.5 0.05 0.5
15 16 1705 2730.5-2740.0  128.5-138.0 9.5 1.16 12.2
16 16 1805 2740.0-2749.5  138.0-147.5 9.5 2.40 252
17 16 1913 2749.5-2759.0  147.5-157.0 9.5 3.52 37.0
18 16 2034 2759.0-2768.5  157.0-166.5 9.5 2.8 29.6
19 16 2137  2768.5-2778.0  166.5-176.0 9.5 0 a
20 16 2316 2778.0-2787.5  176.0-185.5 9.5 178 9.7
21 17 0030 2787.0-2792.0  185.5-190.0 4.5 0.72 16.0
2 17 0150  2792.0-2797.0  190.0-195.0 5.0 0 0
3 17 0332 2797.0-2806.5  195.0-204.5 9.5 0.69 7.2
24 17 0451  2806.5-2811.0  204.5-209.0 4.5 9.78 217.3
25 17 0555  2811.0-2816.0  209.0-214.0 5.0 1.65 33.0
26 17 0705 2816.0-2821.0 214.0-219.0 5.0 0.15 3.0
27 17 0921  2821.0-2825.5 219.0-223.5 4.5 242 53.7
28 17 1050 2825.5-2835.0 223.5-233.0 9.5 9.38 100
29 17 1210 2835.0-2844.5  233.0-242.5 9.5 0.45 4.7
0 17 1401 2844.5-2854.0 242.5-252.0 9.5 8.16 85.8
3l 17 1517  2854.0-2863.5  252.0-261.5 9.5 9.24 97.2
32 17 1640  2863.5-2873.0 261.5-271.0 9.5 9.00 94,7
33 17 1810 2873.0-2882.5 271.0-280.5 9.5 9.20 96.8
34 17 1928  2882.5-2892.0 280.5-290.0 9.5 9.75 100
35 17 2100 2892.0-2901.5  290.0-299.5 9.5 2.43 41
i6 17 2227 2901.5-2911.0 299.5-309.0 9.5 9.59 100
kvl 17 2347 2911.0-2920.5  309.0-318.5 9.5 243 26
38 18 0115 2920.5-2930.0 318.5-328.0 9.5 8.08 85
39 18 0250 2930.0-2939.5 328.0-337.5 9.5 5.21 55
40 18 0403 2939.5-2949.0  337.5-347.0 9.5 7.87 83
41 18 0640  2949.0-2958.5  347.0-356.5 9.5 4.59 48
42 18 0810  2958.5-2968.0  356.5-366.0 9.5 7.03 4
43 18 0932 2968.0-2977.§  366.0-375.5 9.5 6.51 69
44 18 1050  2977.5-2987.0  375.5-385.0 9.5 7.01 T4
45 18 1224 2987.0-2996.5  385.0-394.5 9.5 4.20 44
46 18 1400 2596.0-3006.0  394.5-404.0 9.5 5.25 55
47 18 1510 3006.0-3015.5 404.0-413.5 9.5 B.98 94
48 18 1644 3015.5-3025.0 413.5-423.0 9.5 5.84 61
49 18 1820  3025.0-3034.5  423.0-432.5 9.5 8.05 84
50 18 1927 3034.5-3044.0  432,5-442.0 9.5 5.30 56
51 18 2045 3044.0-3053.5  442.0-451.5 9.5 B.95 94
52 18 2215 3053.5-3063.0 451,5-461.0 9.5 9.89 100
53 18 2345 3063.0-3072.5  461.0-470.5 9.5 9.20 9
54 19 0124  3072,5-3082.0  470,5-480.0 9.5 8.72 92
55 19 0258 3082.0-3091.5  480.0-489.5 9.5 B.04 85
36 19 0532 3051.5-3101.0  489.5-499.0 9.5 7.48 79
57 19 0756 3101.0-3110.5  499.0-508.5 9.5 B.05 89
58 19 0950 3110.5-3120.0 508.5-518.0 9.5 6.18 65
59 19 1150  3120.0-3129.5  518.0-527.5 9.5 6.03 63
60 19 1350  3129.5-3139.0  527.5-535.0 9.5 8.23 87
61 19 1614  3139.0-3148.5  537.0-546.5 9.5 T.44 78
62 19 1809 3148.5-3158.0 546.5-556.0 9.5 8.69 21
63 19 1952 3158.0-3167.5 556.0-565.5 9.5 4.89 51
64 19 2130  3167.5-3177.0  565.0-575.0 9.5 1.9 84
65 19 2317 3177.0-3186.5  575.0-584.5 9.5 6.60 69
66 20 0056 3186.5-3196.0 584.5-594.0 9.5 T.94 84
67 20 0240 3196.0-3205.5  594.0-603.5 9.5 7.21 76
68 20 0425  3205.5-3215.0 603,5-613.0 9.5 il6 i3
69 20 0602 3215.0-3224.5  613.0-622.5 9.5 6.65 70
70 20 0812 3224.5-3234.0 622.5-632.0 9.5 6.78 71
Total 632.0 385.5 61

Subunit 2B

Subunit 2B, consisting of 72 cm of greenish gray

(5GY 6/1) clays obtained in Core 21, is characterized by
minor amounts of glauconite, chert, and volcanic ash.
In Core 22, no sample was recovered; in the absence of
core, Subunit 2B is arbitrarily continued to the base of
Core 22.

Unit 3

This unit consists of gray, calcareous, and zeolitic
foraminiferal oozes in Cores 23 and 24 (195-209 m, sub-
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bottom). These sediments are early Maestrichtian to late
Campanian in age and are characterized by minor to
moderate bioturbation, the presence of occasional chert
pebbles (up to 5 cm diameter), and disseminated minor
glauconite.

Unit 4

Unit 4 (Cores 25-47, 209-412 m sub-bottom) consists
of zeolitic clays and claystones commencing near the
bottom of Core 24. These units are Maestrichtian—-Cam-
panian to Turonian in age. Though the contact with Unit
3 is transitional, marked by an alternation of zeolitic
clays and calcareous oozes, it is placed at 209 meters
(bottom of Core 24), below which the zeolitic clays and
claystones predominate. In general the darker zones (5Y
4/1) are more zeolitic than the lighter sections (5Y 6/1),
which tend to be somewhat more calcareous. Dark green-
ish black mottles, lenses, and thin laminae (1-2 mm)
were common throughout the unit.

The generally gray zeolitic clays and claystones are
characterized by moderate to very intense bioturbation
which has, in many sections, completely obliterated any
evidence of stratification. The tremendous concentra-
tion of burrows of different colors (gray, light gray,
dark gray, greenish gray, and dark greenish gray) in
some sections gives the core a ‘‘conglomeratic’’ appear-
ance. Many types of burrows were identified, including
solid, ring, Zoophycos, Chondrites, Planolites, and
Teichichnus.

Pyrite is frequently encountered, usually in burrows.
In Core 42, however, pyrite occurs as a vein-filling
along vertically and obliquely oriented fractures. Irregu-
larly shaped, slightly brownish concretions of barite,
ranging in diameter from ~0.5-4 cm, occur frequently
throughout the unit.

Below Core 41, Section 3, fragments of the pelecypod
Inoceramus, up to 3 mm thick and 3-4 cm long, were
locally abundant.

Unit §

Cores 48-56 (413.5-492 m sub-bottom) are early Al-
bian to Turonian sediments dominated by reddish brown
zones that frequently have a ‘‘blotchy’’ appearance.
The unit is marked by minor to intense bioturbation
with burrows frequently filled with pyrite.

Layers of skeletal carbonate debris, principally pele-
cypods (Aucellina and Inoceramus), occur frequently
(Fig. 5) as muddy microcoquinas. Single, thin, whole
pelecypod valves occur as well throughout the unit and
Inoceramus ‘“‘needles’’ are frequently concentrated in
thin olive gray claystone bands. Scattered solitary corals
also occur in this unit.

Small barite nodules (approximately 0.5 cm), similar
to those in Unit 4, occur in Cores 54 and 55.

In Core 51, Section 1, several very dark gray, highly
calcareous sapropelic claystone layers (0.5 cm thick) are
interstratified with reddish brown calcareous claystones
and muddy calcareous chalks (muddy microcoquinas).

Unit 6

The lowest lithologic unit cored (Cores 57-70, 498-
632 m sub-bottom) is Late Jurassic to early Albian in



Table 2. Characteristics of lithologic units.

Depth below
Seafloor
(m) Core Unit Major Lithology Color Characteristics
1 Siliceous gravelly sand and  5Y 6/4 (pale olive) Subangular-angular pebbles (up to 4 cm),
minor foram ocoze 5Y 5/1 (gray)} varied lithologies. Mn nodules (up to
5 ¢cm), thin Mn-rich zones, interstrati-
3 1, Sect. 2 fied foram ooze and gravelly sand
1, Sect. 3 2A  Muddy diatomaceous cozes  5Y 5/2 (olive gray) Minor-moderate bioturbation, sparse Mn
and muddy nannofossil- near top to nodules, lenses of fine glauconitic
diatomaceous oozes 5Y 4/1-5Y 7/1 (dk. gray- sand, occasional pebbles of chert,
It. gray) in most of granite, basalt, and sandstone
186 20 unit
21 2B  Clay 5 GY 6/1 (greenish-gray)  Minor glauconite, chert, ash
195 22
23 3 Calcareous ooze and zeolit- 5Y 6/1 (gray) Minor-moderate bioturbation, chert peb-
209 24 ic calcareous ooze 5Y 7/1 (. gray) bles (4-5 cm), minor glauconite

25 4 Zeolitic clays and clay- Major: Moderate-very intense bioturbation, py-

stones SY 4/1-5Y 6/1 (dk. gray) rite common, minor glauconite in
to (gray) upper part. Inoceramus fragments
2.5Y 4/0-5/0 (dk. gray- common in lower part. Barite (7)
gray) nodules
Minor:
5Y 5/2-5Y 6/2 (olive-
gray to It. olive-gray)
5GY 2/1-6/1 (dk. green-
ish gray to greenish
gray)
2.5 YR 3/4-4/4 (dk. red-
ish brown to reddish
412 47 brown)

48 5  Claystones, nannofossil Major: Minor-intense bioturbation, pyrite com-
claystones, and muddy ~ SYR 3/3-5/3 (dk. red- mon, thin pelecypod fragments locally
nannofossil chalks dish brown to reddish very abundant. Solitary corals, small

brown) barite (?) nodules, thin, dark gray,
5YR 5/4 (reddish brown) sapropelic layers (Core 51-1)
Secondary:
2.5Y 4/0-5/0 (dk. gray-
gray)
5G 6/1 (greenish gray)
Minor:
7-5YR 5/2 (brown)
5 RP 4/2 (grayish purple)
5GY 4/1-8/1 (lt.-dk.
greenish gray)
498 56, Sect. 4 SYR 7/1 (It. gray)
56, Sect. 5 Mudstones and nannofossil  Major: Black shales; petroliferous; often finely
[ mudstones 5Y 2.5/1 (black) laminated and fissile, minor bioturba-
Minor: tion, pyrite very common, thin zeo-
2.5Y 5/1 (gray) lite claystones, minor chert, cone-in-
5Y 5/1 (gray) cone calcite. Hard calcareous zones
2.5Y 8/0 (white) with local very high concentrations of
632 5Y 4/2 (olive gray) pelecypod debris; belemnites common

age and consists of black, massive, thinly laminated
mudstones and nannofossil claystones which in places
are very fissile. These mudstones (black shales) are high-
ly petroliferous below Core 60 and display only minor
bioturbation. The monotonous sequence of black mud-
stones is interrupted by (1) occasional layers of concen-
trated pelecypod debris (Aucellina and Inoceramus)
forming muddy microcoquinas similar to those in the
overlying unit; (2) soft gray (5Y 5/1) layers (0.5-3.0 cm
thick) of zeolitic claystone; (3) hard, muddy calcarenite
layers; and (4) occasional layers of coarsely crystalline
cone-in-cone calcite.

Pyrite is a common constituent, occurring as masses
up to several centimeters in diameter, in burrows, and
finely disseminated along thin laminae in zones 1-2 cm
thick. Belemnites (up to 1 cm diameter and several cm
long) occur scattered throughout this unit (Fig. 6).

Minor slumping and microfaulting of laminae were
noted in the unit (e.g., Core 56, Sections 4-5; Core 62,
Section 4). Dips of strata are generally 0.5° throughout
the unit except in Core 52, in which dips are consistently
10-15° despite dip test results of less than 1° from the
vertical for the inclination of the hole.

PALEONTOLOGY

Biostratigraphy Summary

The 70 cores taken continuously at Site 511 ranged
from Holocene to Late Jurassic in age. Nearly all cores
contained microfossils and those in the lower portions
of the hole contained fossil mollusks and solitary corals
as well. A broad range of microfossil groups are repre-
sented in various intervals of the section. Those dealt
with in these reports include benthic and planktonic
foraminifers, calcareous nannofossils, diatoms, silico-
flagellates, radiolarians, pollen, spores, dinoflagellates,
sponge spicules, calcisphaerulids, onychites, and cal-
careous microorganisms of unknown affinity (Upper
Cretaceous).

One of the most significant results of this site was the
collection of a 154-meter diatomaceous-ooze sequence
of early Oligocene age, with exceptionally well preserved
and diverse diatoms, radiolarians, and silicoflagellates
along with sufficient numbers of calcareous nannofos-
sils and foraminifers to provide temporal control by
correlation with lower-latitude zonations and the well-
established New Zealand stages. Although siliceous se-
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Figure 5. Layers of skeletal carbonate debris, principally pelecypods,
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occur frequently as microcoquinas in Lithologic Unit 5 (Sample
511-48-2, 77-102 cm).
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Figure 6. Belemnites in Unit 6 (Sample 511-60-2, 15-35 cm).

quences of this age have been sampled before by DSDP
(for example, DSDP Site 274, Leg 28), the critical time
control by calcareous planktonic faunas and floras has,
until now, always been lacking. The section at Site 511,
combined with the upper Oligocene to lower Miocene
section recovered at Site 513, provides a complete Oligo-
cene section rich in siliceous microfossils. This compos-
ite section is the most complete record available in the



southern high latitudes for Oligocene diatom stratigra-
phy. Gombos and Ciesielski (this volume) have defined
12 diatom biostratigraphic zones for the interval from
lower Miocene to upper Eocene based on a study of the
composite section.

A second notable result of coring at Site 511 was the
sampling of a long (174 m) Campanian-Coniacian sec-
tion in the Cretaceous. Most of this unexpectedly thick
section was not encountered at the nearby DSDP Site
327, Leg 36.

In addition to these results, a continuously cored sec-
tion was taken through the upper portion of the Lower
Cretaceous-Jurassic black shale sequence of the Falk-
land Plateau. This long, continuous section was charac-
terized by high core recovery, and therefore makes pos-
sible further subdivision of the black shales by the cal-
careous microfossils, palynomorphs, and mollusks.

Cenozoic

The top 3 meters of the Cenozoic section contains a
glacial marine sequence characteristic of this area (see
Ciesielski, 1978). Approximately 10 cm of Pleistocene
to Holocene calcareous ooze (repeated by a double hit
of the core barrel) overlie sandy or gravelly diatoma-
ceous sediments, dated from the Brunhes to the Gauss
chrons. These are separated by an erosional disconfor-
mity from the long lower Oligocene sequence. Upper
age limits for the Oligocene section are imposed by the
presence of the coccoliths Reticulofenestra umbilica in
Core 2 and Ismolithus recurvus in Core 4; their extinc-
tions (according to Hardenbol and Berggren, 1978) fall
well within the early Oligocene. This age is supported by
co-occurring planktonic foraminifers which are dated
within Zones P18-P20. The luxuriant and well-pre-
served assemblages of siliceous microfossils offer the
opportunity for a finer siliceous zonation of this interval
in addition to the description of many new taxa. Pollen
and spores are also relatively diverse and numerous in
the lower Oligocene sediments.

The Oligocene sequence spans two radiolarian zones,
four silicoflagellate zones, and five diatom zones. Many
of these siliceous microfossil zones or datums within
these zones have been revised or defined as new in these
reports (see Gombos and Ciesielski, this volume; Weav-
er, this volume; Shaw and Ciesielski, this volume). The
lowermost Oligocene and the underlying upper Eocene
section, however, fall within the same silicoflagellate
zone; thus, the group cannot at present be used to dis-
tinguish the Oligocene/Eocene boundary. This bound-
ary has been placed at the top of Core 17 because of the
occurrence of a single specimen of the planktonic fora-
minifer, Globigerapsis index and the presence of rare
specimens of the coccolith Discoaster saipanensis. Dino-
flagellate assemblages also suggest placement of the
boundary there. Interestingly, two distinct assemblages
of glass sponge spicules were noted, one characteristic
of the Oligocene sediments (Cores 2-16) and the other
present in Cores 17-20.

Calcareous microfossils do provide good control for
the upper Eocene diatomaceous oozes which were sam-
pled in Cores 18 and 20. Unfortunately, a complete
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sampling of this section and of much of the lower Oligo-
cene was precluded by drilling problems. Coccoliths,
however, are exceptionally well preserved in Cores 18
and 20 and correlate well with the Reticulofenestra
oamaruensis Zone of New Zealand. The planktonic for-
aminifers belong to Zones P15 and P16 and can also be
tied in closely to the classic New Zealand sections. It is
not certain if the uppermost Eocene zone for planktonic
foraminifers was sampled in Hole 511, primarily be-
cause of drilling problems.

Dating of the Eocene section is supported by the radi-
olarians, which are assigned to the Thyrsocyrtis bromia
zonal equivalent. When the Eocene and Oligocene ra-
diolarian assemblages are considered together, an over-
all cooling trend is noted. The Eocene populations indi-
cate relatively warm (temperate) conditions whereas a
cooling is evident in those from the Oligocene Cores
16-13. Radiolarians from Cores 12-11 are characteristic
of proximity to Polar Front upwelling conditions and
those from Cores 9-2 suggest a cool subantarctic/ant-
arctic water mass. This overall cooling trend may reflect
the northward migration of major water mass bounda-
ries across Site 511 during the Eocene-Oligocene. A
transgression over the Falkland Plateau of the front sep-
arating temperature and subantarctic/antarctic water
masses may account for the upwelling and temperature
change noted in Cores 13-2.

A high productivity of siliceous planktonic organisms
throughout the late Eocene-early Oligocene is indicated
by the exceptionally high sediment accumulation rate of
about 44 m/m.y. recorded for this interval (Fig. 7).

Core 21 sampled a yellowish pelagic clay (Lithologic
Subunit 2B) with some poorly preserved radiolarians
and a few specimens of the diatom Trinacria simula-
crum. This core is thought to be late Paleocene to early
Eocene in age. Unfortunately, Core 22 contained no
sediment so little more can be said about this poorly
dated interval. Low accumulation rates plotted in Fig-
ure 7 suggest a disconformity between these cores and
the Cretaceous sediment of Core 23.

Mesozoic

Cores 23 and 24 recovered an early Maestrichtian-
late Campanian calcareous ooze which contained well-
preserved foraminifers and a high-latitude coccolith as-
semblage so far observed only from DSDP Hole 327A.
DSDP cores of this age from comparable latitudes in the
Pacific sector of the Southern Ocean contain no carbon-
ate. Benthic foraminifers dominated by calcareous spe-
cies which lived above the lysocline data Cores 25-27 as
early Maestrichtian-Campanian. The next core down,
however, is nearly barren of all microfossils, owing to
dissolution; only a few benthic foraminifers and lower
Campanian coccoliths are present. Below that begins
the long (19-core) section of zeolitic clays and claystones
which are dated primarily by planktonic foraminifers.
Sedimentation rates in this interval were exceptionally
high (Fig. 7). Core 29 to Sample 511-41-3, 55-57 cm are
dated as Campanian by somewhat rare Globotruncana.
Coccoliths further suggest an early Campanian age. The
interval from Sample 511-41,CC to Sample 511-43,CC

31



SITE 511

Age (m.y.)
0 20 40 60 80 100 120 140
1 1 o | 1 1 s | 1 L 1 1 1 1 L
. Late Early Late
. Canazaic Cretaceous Cretaceous Jurassic
o 3 .
< 2 e 5 c 5
] g 2 | 2 |glsle]| E = i ;| El &
g 2 g e | 8 |Z| SIE(51E 2 lslB] 5 |B5l€]%
Sie 518 8 8 g § (B 2 (2|28 e |2 (8| § [el¥|e2
oL SlE| = 5 8 s S| slslsle| 8|3 |2l&] &2 [wl|S
5
FTY |
100 44m/m.y.
F15
=2 () e
200 ? rrrrsses
l25
=
==
E —
£ 00 5 *
a
8 31T
E o
R
g [aoiem
s —— -
3 e
L =
==
2
400 —m— 4.6
- ]
—
[ | P
=—
—
ﬁ 16
500 -
——
__
60—
—
. rrrrrrseereses
==
[ 65_
—
600 -—— -
e
£70 j—
L L 1 1 1 L 1
80 100 120 140
m.y.

Figure 7. Sedimentation rates at Site 511,

is Santonian (probably late Santonian because of the ab-
sence of the coccolith Lithastrinus floralis), whereas
Cores 44-46 are considered undifferentiated Coniacian-
Santonian. Planktonic foraminifers date Core 47 down
to the topmost sample of Core 48 as Turonian in age;
the remainder of that core is Cenomanian.

In general, the occurrence of planktonic foraminifers
in the Upper Cretaceous sediments is quite sporadic be-
cause of dissolution. Preservation varies from moderate
to poor. Two rather distinct assemblages of benthic fo-
raminiferal assemblages were noted in this interval. An
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upper assemblage (Cores 31-41) includes diverse calcar-
eous forms (up to 150 species) which inhabit bathyal
depths above the CCD, whereas the lower assemblage
(Cores 41-49) is dominated by agglutinated species.
Benthic foraminifers are generally rare and poorly pre-
served in the lower section, with pronounced alterna-
tions in the percentages of calcareous and arenaceous
species. This suggests numerous fluctuations of the
CCD above and below the site of deposition.
Calcisphaerulids are found throughout the Maes-
trichtian-upper Cenomanian interval, and calcareous



microorganisms of unknown affinity, first described by
Sliter (1977), are present in Cores 44-47.

Cores 50-56 contain abundant calcareous microfos-
sils dated as middle to early Albian (Prediscosphaera
prediscosphaera calcareous nannofossil Zone). The
change in sedimentation rate from the Turonian to the
middle Albian is striking (Fig. 7) and indicates a highly
condensed section with hiatuses in and about the Conia-
cian-late Albian interval. This was interpreted by DSDP
Leg 36 scientists as a time of rapid subsidence of the
Falkland Plateau, from shelf-break depths down close
to its present depth below sea level, as a result of sea-
floor spreading.

This interpretation seems to be substantiated by the
invertebrate macrofossils which became common in the
shallow-water deposits below the Campanian-Conia-
cian interval. Fragile bivalves are present in Core 49,
Section 3, and become very abundant in the Albian sec-
tion below, where the genus Aucellina is identified. Soli-
tary corals appear in Sections 4, 5, and 6 of Core 49 and
also in Core 50. Fragments of the bivalve Inoceramus
are the only mollusk shells found with any regularity in
the Santonian-Coniacian section. These first appear in
Core 41 and are present down the hole to Core 70.

Cores 50-70 sampled continuously an Albian-Upper
Jurassic section nearly identical to that which was cored
on an interval basis in DSDP Holes 327A and 330. Rich
benthic foraminiferal faunas indicative of shelf-break
depths (100-400 m) are present down to Core 57, which
is dated by foraminifers as Albian (the Ticinella roberti
Zone). Coccoliths occur sporadically in Core 57 and are
assigned to the Parhabdolithus angustus Zone, which
Thierstein (1973) dates as late Aptian to early Albian.
Coccoliths become notably less common in the black
shales, which are first encountered downhole in Core 56
(Lithologic Unit 6).

Planktonic foraminifers occur sporadically in Cores
58-62 but date this portion of the black shales as Bar-
remian to Aptian. Mollusks date Cores 57 and 58 as
Aptian and Cores 59-62 as Barremian. From Core 58
down to the fourth section of Core 62, abundant frag-
ments of the shallow-water coccolith Micrantholithus ob-
tusus (mid-Aptian or older) occur at selected intervals,
but few other age-diagnostic calcareous nannofossils are
present. No coccoliths positively indicate the presence
of Hauterivian or older Cretaceous strata. Palynomor-
phs do indicate an Early Cretaceous age for Cores 58-
61. Although spores are not numerous, species present
are also found in Lower Cretaceous rocks of Argentina
and South Africa which have been dated with various
degrees of certainty as later Valanginian to Barremian in
age. For this report, we adopt an age of Aptian to Neo-
comian for Cores 58-62.

Palynomorphs, coccoliths, and mollusks all indicate
a Late Jurassic age for Cores 63-70. The pollen and
spore assemblages, which abound with Classopolis pol-
len, are conditionally attributed to the Tithonian. The
mollusks, which include the bivalves Malayomaorica
and Jeletzkyella, the perisphinctid ammonite Virgato-
sphinctes, and the belemnite Hibolithes, indicate an ear-
ly late Tithonian to a probable early Kimmeridgian age
for Cores 63-1 to 67-3. Cores 67-4 to 70-5 did not yield
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any diagnostic macrofossils. Cores 63-70 contain the
coccolith Watznaueria britanica with a well-developed
small central area and bar. The co-occurrence of Steph-
anolithion bigoti (short lateral spines) and Vekshinella
stradneri in Cores 65-67 indicates an Oxfordian to early
Tithonian age for that interval. The absence of V. strad-
neri and the presence of S. bigoti and S. hexum in Core
70 may suggest an early Oxfordian to Callovian age for
that core. Dinoflagellates suggest an early Oxfordian to
late Callovian age for Core 70.

In addition to the above, onychites (arm hooks asso-
ciated with the belemnite animal) were encountered in
foraminiferal washings from Cores 66-70. These had
also been encountered in the Jurassic strata of DSDP
Hole 330 (Cores 5-10).

Sedimentation Rates

The accumulation rates indicated in Figure 7 testify
to the highly episodic nature of sedimentation on the
Falkland Plateau. At any given locality, episodes of ex-
ceptionally high sedimentation separated by hiatuses or
condensed intervals seem to be the norm for this area
(compare with DSDP Leg 36 results). The Neogene and
Mesozoic time scales used here were taken from Vail
and Hardenbol (1979). The Plio/Pleistocene boundary
in the Neogene was set at 1.8 Ma. The Paleogene time
scale is from Hardenbol and Berggren (1978).

Foraminifers

Both planktonic and benthic foraminifers occur
through the entire Site 511 section in almost all strati-
graphic subdivisions of the Mesozoic and Cenozoic de-
posits, but their species diversity and abundance show
significant fluctuations (Fig. 8). Foraminifers are miss-
ing or extremely rare at the base of the section (Juras-
sic-Aptian), in the dissolution facies at the Tertiary/
Cretaceous boundary, and in some beds within the up-
per Cenomanian-Campanian interval. Benthic foramin-
ifers are rather scarce compared to planktonic forms.
Nevertheless, their distribution through the section per-
mits interpretation of the Mesozoic-Cenozoic paleo-
environmental changes in the area under study.

Cenozoic

Quaternary foraminifers are found in Core 1 (Sam-
ples 511-1-top to 511-1-2, 85-87 c¢cm). This assemblage
consists of abundant Globorotalia inflata, Globigerina
pachyderma, G. bulloides, common Globorotalia trun-
catulinoides, and rare G. scitula. G. truncatulinoides is
represented by low-conical specimens which are consid-
ered a cool-water form (subspecies?) of this species
(Herb, 1968). A low-diversity benthic foraminiferal as-
semblage is present, consisting of the deep-water species
Pyrgo murrhina, Hoeglundina elegans, Gyroidina sol-
danii, Laticarinina pauperata, and Cibicidoides wueller-
storfi; all are characteristic of the lower bathyal zone
north of the Antarctic Convergence (Herb, 1971). Fora-
minifers are absent in the remaining siliceous oozes of
Cores 1 and 2 (except Sample 511-2,CC).

Lower Oligocene assemblages of planktonic foramin-
ifers are found in the diatomaceous oozes and nanno-
diatomaceous oozes of Core 2 (Sample 511-2,CC) to
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Figure 8. Abundance, preservation, and species diversity of foramini-
fers at Site 511. (Abundance: R, rare; F, few; C, common; A,
abundant. Preservation: P, poor, M, medium; G, good.)

Core 15. They are sparse and preservation is poor except
in several samples (Cores 9, 11, 15) from the lower part
of the section. They are represented by Globigerina an-
giporoides, G. aff. linaperta, G. prasaepis, G. offici-
nalis, G. praebulloides, G. ouachitaensis, G. brevispi-
ra, Globorotaloides suteri, Globigerinita martini, Chilo-
guembelina cubensis, Globorotalia permicra, G. mun-
da, and G. gemma. According to Blow’s (1969) zonal
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scale, this assemblage limits the age of the sediments
and is restricted to the Globigerina tapuriensis Zone
through the G. ampliapertura Zone. Impoverished as-
semblages of planktonic foraminifers reflect cold-water
conditions at high latitudes in the Southern Hemisphere.
They resemble the lower Oligocene foraminiferal fauna
of the southern part of New Zealand (the G. angipo-
roides Zone and the upper part of the G. brevis Zone ac-
cording to Jenkins’s [1971] zonal scale).

Samples of Core 16 contain very poor assemblages of
planktonic foraminifers: Globigerina aff. linaperta, G.
labiacrassata, G. angiporoides, and Globorotaloides su-
teri. This interval is tentatively assigned to the lower Oli-
gocene because of the absence of the typical upper Eo-
cene species.

In the interval from Sample 511-17-1, 90-92 cm to
Sample 511-18-2, 27-29 c¢cm, sediments also include an
impoverished assemblage of planktonic foraminifers:
Globorotaloides suteri, Globigerina linaperta, G. angi-
poroides, G. aff. galavisi, G. praebulloides, Globigeri-
nita martini, and Globorotalia munda. In Sample 511-
17-1, 90-92 cm, however, one specimen of Globigerap-
sis index was found. If it is in situ, sediments should be
attributed to the uppermost part of the upper Eocene.

Sample 511-18,CC and Core 20 are characterized by
the low-diversity planktonic foraminiferal assemblage
composed of Globigerina angiporoides, G. linaperta, G.
tripartita, Globigerinita pera, Globorotaloides suteri,
Chiloguembelina cubensis, and Globigerapsis index. The
presence of the latter testifies to the late Eocene age
of the sediments. The upper Eocene/lower Oligocene
boundary is placed just above Sample 511-17-1, 90-92
cm, the last sample containing G. index. These deposits
are correlated with the tropical G. semiinvoluta, Globo-
rotalia cocoensis, and G. cunialensis zones and with the
Globigerina linaperta and G. brevis zones (lower part)
of New Zealand.

The upper Eocene-lower Oligocene portion of the
section is characterized by a rather diverse assemblage
of benthic foraminifers consisting of about 80 species.
The quantity of specimens is low in these sediments ow-
ing to dissolution and dilution by radiolarians and dia-
toms; most species are very rare and irregular in occur-
rence. Preservation is poor.

The dominant benthic species occurring throughout
the whole upper Eocene/lower Oligocene section are
Fissurina sp., Guttulina adhaerens, Pullenia bulloides,
P. guingueloba, Cibicidoides sp., Oridorsalis umbona-
tus, Nonion havanense, Anomalinoides spissiformis,
Stilostomella curvatura, S. bradyi, S. antillea, and Bul-
imina sp. Common are also Karreriella sp., Pyrulina cy-
lindroides, Gyroidina planulata, G. zealandica, Ortho-
morphina rohri, and O. glandigena.

The presence of these foraminifers is consistent with
the accumulation of Paleogene diatomaceous and nan-
no-diatomaceous oozes at lower bathyal water depths.
Poor preservation of benthic and planktonic species
shows that the foraminiferal lysocline probably occu-
pied the same position.

In Cores 21 and 22 and Sample 511-23-1, 3-4 cm, for-
aminifers are absent (dissolution facies).



Mesozoic

Comparatively rich planktonic foraminiferal assem-
blages characterize calcareous sediments in the interval
from Sample 511-23-1, 27-29 cm to Sample 511-26,CC:
Globigerinelloides multispinatus, G. impensus, Schack-
oina multispinata, Hedbergella holmdelensis, Rugoglo-
bigerina pilula, R. rotundata, R. pustulosa, Heterohelix
reussi, H. pulchra, H. globulosa, and H. glabrans. All
these species are well developed in the Campanian-
Maestrichtian. The influence of Austral climates is evi-
denced by the absence of representatives of the Globo-
truncana and by many species of heterohelicids. As a re-
sult, neither zonal subdivision of these sediments nor an
exact age determination within the Campanian-Maes-
trichtian interval are possible. Taking into account the
age of the underlying deposits, which are Campanian, it
is probable that the calcareous oozes of Cores 23-26 be-
long only to the Maestrichtian. Calcisphaerulids are com-
mon in many samples.

The upper Campanian(?)-Maestrichtian calcareous
sediments contain a very monotonous, highly diverse
assemblage of benthic foraminifers mainly dominated
by Gaudryina healyi, G. pyramidata, Spiroplectammina
complanata, Ramulina aculeata, Marginulinopsis texa-
ensis, Dentalina gracilis, D. legumen, Globulina sub-
sphaerica, Lenticulina muensteri, Pullenia coryelli, P.
americana, Valvulineria brotzeni, V. allomorphinoides,
Gyroidinoides gudkoffi, G. nitidus, G. quadratus, Quad-
rimorphina camerata, Gavelinella beccariiformis, Glo-
borotalites spineus, and Reussella szajnochae. The abun-
dance of these moderately well preserved benthic fora-
minifers dominated by calcareous species leads us to con-
clude that they inhabited depths similar to their modern
counterparts, that is, depths above the foraminiferal
lysocline.

Sediments of Core 27 and most of Core 28 (to Sample
511-28-5, 90-92 cm) represent a dissolution facies and
contain a very low diversity assemblage of Upper Cre-
taceous benthic foraminifers, consisting of rare Denta-
lina gracilis, Ramulina aculeata, Valvulineria brotzeni,
Osangularia corderiana, Globorotalites michelinianus,
and Bandyella aff. greatvalleyensis.

Comparatively diverse and quite different assem-
blages of planktonic foraminifers were encountered in
sediments of Campanian age (from Core 29 to Sample
511-41-3, 55-57 cm). They include Globotruncana lin-
neiana, G. cretacea, G. marginata, G. bulloides, G. glo-
bigerinoides, Globigerinelloides asperus, G. bollii, Arch-
aeoglobigerina blowi, Heterohelix globulosa, H. reussi,
H. pulchra, H. ramsayensis, Hedbergella crassa, H. spp.
Specimens of Globotruncana arca and G. plummerae
are rare but very important for age determinations. In
general, hedbergellids and heterohelicids, together with
some representatives of the genus Globigerinelloides,
strongly predominate and are accompanied by compar-
atively rare Globotruncana.

Sediments within the interval from Sample 511-41,CC
to Sample 511-43,CC belong to the Santonian. Among
planktonic foraminifers are numerous low- and high-
spired specimens of Archaeogiobigerina bosquensis, ac-
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companied by Whiteinella baltica, Globotruncana pseu-
dolinneiana, G. marginata, G. cretacea, Globigerinelloi-
des asperus, Hedbergella crassa, H. spp., Heterohelix
reussi, H. globulosa, and H. pulchra.

To the undifferentiated Coniacian-Santonian are as-
signed sediments within the interval from Sample 511-
44-1, 44-46 cm to Sample 511-46,CC. Whiteinella bal-
tica and Archaeoglobigerina bosquensis occupy a subor-
dinate position; the genus Globotruncana is represented
only by G. pseudolinneiana and G. marginata. Very
common are specimens of Hedbergella spp., Heterohe-
lix globulosa, H. reussi, and Globigerinelloides asperus.
Schackoina cenomana is present but very rarein almost
every sample.

The planktonic foraminiferal assemblage from Sam-
ple 511-47-3, 44-46 cm to Sample 511-47-6, 44-46 cm
includes rare specimens of small Globotruncana pseu-
dolinneiana (the G. lapparenti type) together with Schac-
koina cenomana, Hedbergella aff. agalarovae, Globiger-
inelloides asperus, Heterohelix globulosa, and Globo-
truncanella inornata. 1f these sediments correspond to
the level of the evolutionary appearance of Globotrun-
cana pseudolinneiana, they belong to the upper Turon-
ian.

In sediments within the interval from Sample 511-
47,CC to Sample 5-48-1, 35-37 cm, double-keeled Glo-
botruncana species are absent. The assemblage of plank-
tonic foraminifers consists of rather numerous Praeglo-
botruncana aff. oraviensis (with a spinose test), together
with Hedbergella planispira, H. bornholmensis, H. aff.
holtzi, Schackoina cenomana, Globigerinelloides asper-
us, Heterohelix globulosa, H. reussi. The age of the sed-
iments is Turonian, probably early Turonian.

Sediments within the interval from Sample 511-48-1,
70-72 cm to Sample 511-49-5, 102-104 cm are charac-
terized by Hedbergella praehelvetica, H. planispira, H.
delrioensis, H. portsdownensis, H. infracretacea, Het-
erohelix sp. (a very small form), Globigerinelloides eagle-
fordensis, and Schackoina cenomana. In Sample 511-
49-5, 102-104 cm, very rare specimens of Praeglobo-
truncana turbinata were found. This last species indi-
cates a late Cenomanian age for the sediments (although
an early Turonian age is not excluded).

The distribution of planktonic foraminifers in the
Upper Cretaceous sediments is very inconsistent. Many
samples from Cores 30, 32-36, 40-44, and 47-49 con-
tain few to common tests of moderate preservation; in
other layers, poorly preserved tests or barren intervals
(dissolution facies) were observed.

The Coniacian-Santonian assemblage of planktonic
foraminifers at Site 511 closely resembles that of the
high latitudes of the Northern Hemisphere (the lower
Senonian microfauna of Bornholm Island, Denmark
[Douglas and Rankin, 1969]).

Calcisphaerulids occur throughout the Maestrichti-
an-upper Cenomanian section, and calcareous micro-
organisms of unknown affinity, (Sliter, 1977, plate 14)
were found in Cores 41-47.

The upper (Cores 28-37) and lower (Cores 38-48)
parts of the Campanian-upper Cenomanian section are
characterized by two different ecological assemblages of
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benthic foraminifers. Cores 28-37 contain more than
150 species which usually inhabit bathyal water depth
above the CCD. Many of these species occur in sedi-
ments very rarely and irregularly; others, such as Denta-
lina legumen, Lenticulina muensteri, Gyroidinoides ni-
tidus, Globorotalites michelinianus, G. sp., Gavelinella
stephensoni, Valvulinelia brotzeni, and Pleurostomella
obtusa, are present constantly. Common are also Den-
talina gracilis, D. catenula, D. basiplanata, Astacolus
Jarvisi, P. subnodosa, and Bolivina watersi. In Cores
31-37 the assemblage of benthic foraminifers is even
more diverse. In addition to the species just mentioned,
Dorothia trochoides, Lingulina pygmaea, Globulina la-
crima, Charltonina sp., Conorotalites sp., P. torta, El-
lipsopleurostomella curta, and Bulimina reussi are com-
mon.

The lower part of the section (Cores 38-48) is charac-
terized by an assemblage which includes most species in
the overlying sediments, but agglutinated species are
dominant. Glomospira corona, G. gordialis, G. irregu-
laris, Ammodiscus sp., Silicosigmoilinella sp., Hyper-
ammina elongata, H. gaultina, H. friabilis, Rzehakina
epigona, Ammobaculites echinatus, and Spiroplectam-
mina sp. are also present sporadically. The species com-
position and diversity are quite variable in this interval,
especially in the lower part. Assemblages where calcar-
eous species dominate, testifying to conditions above
the CCD, alternate with assemblages consisting mostly
of arenaceous species, indicative of sedimentation be-
low the CCD. The quantity of benthic foraminifers and
their state of preservation also vary throughout the sec-
tion. These foraminifers are usually rare or very rare
and poorly preserved; only in some samples of Cores
30-34, 36, 41, 42, and 47 are they common to few, with
moderate preservation.

Rather rich assemblages of planktonic foraminifers
are characteristic of Albian sediments recovered in the
interval from Sample 511-49-5, 120-122 c¢cm to Sample
511-57-6, 11-13 cm. They include moderately preserved
tests of Hedbergella delrioensis, H. trocoidea, H. plan-
ispira, H. infracretacea, H. brittonensis, H. amabilis,
and H. globigerinellinoides. Sediments from Sample
511-55-6, 34-36 cm down to Sample 511-57-6, 11-13 cm
contain the lower Albian species Ticinella roberti, T.
aff. primula, H. trocoidea, H. infracretacea, H. delrio-
ensis, H. planispira, and Globigerinelloides gyroidinae-
Jformis; these belong to the T, roberti Zone. Foramini-
fers are abundant to common with some exceptions in
Cores 49-54 and 56; preservation is generally moderate.
In Sample 511-49-5, 120-122 cm, among the common
Albian planktonic foraminifers, very rare specimens of
T. raynaudi were identified; these indicate late Albian
age for the sediments.

Calcisphaerulids are abundant to common in Cores
50-51 (down to Sample 511-51-2, 60-62 cm), rare in
Samples 511-51-3, 60-62 cm to 511-51,CC, disappear
completely in Cores 52-53, and again are present in
some sample of Cores 54-55. They are not present in
Cores 56-57.

Albian sediments (Cores 49-57) contain a moderately
well preserved and diverse benthic foraminiferal fauna
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consisting mostly of shallow-water species (‘‘shallow-
water”’ is defined as 100-400 m, shelf-break fauna, after
Sliter, 1977): Dorothia trochoides, Glomospira corona,
G. gordialis, Clavulina gabonica, Lenticulina sp., Uvig-
erinammina jankoi, Osangularia utaturiensis, Patelli-
nella australis, Spirillina elongata, Gyroidinoides primi-
tiva, Anomalinoides indica, Gavelinella intermedia, and
Pleurostomella obtusa. Less common are D. gradata,
Gaudryina dividens, L. turgidula, Hoeglundina creta-
cea, S. minima, Conorboides minutissima, Tribrachia
australiana, Marginulina sp., and Praebulimina sp. This
assemblage is typical for the Albian deposits of the
Southern Hemisphere (Austral fauna) (Scheibnerova,
1974; Sliter, 1977).

Cores 58-62 are characterized by a low-diversity as-
semblage of planktonic foraminifers composed of Hed-
bergella infracretacea, H. globigerinellinoides, H. aff.
delrioensis, H. similis, H. gorbachikae, H. sigali, H.
sp., and Globigerinelloides ferreolensis, the assemblage
suggests a Barremian-Aptian age for the sediments. The
Aptian/Albian boundary is drawn below the first occur-
rence of Ticinella roberti and T. aff. primula in Sample
511-57-6, 11-13 cm. Benthic foraminifers are practically
absent in Cores 58-62 sediments except in Samples 511-
61,CC and 511-62,CC, where tiny, thin-walled Astacol-
us, Gyroidinoides, Gavelinella, Frondicularia, and Mar-
ginulina are recognized.

Cores 63-70 (Upper Jurassic section) are barren of
foraminifers.

Calcareous Nannofossils

Coccoliths were present in sparse to moderate num-
bers throughout most of the Cenozoic-Mesozoic section
of Hole 511, becoming abundant only in the Maestrich-
tian-Campanian and mid-Cretaceous intervals. Preser-
vation was generally poor to moderate because of disso-
lution, although exceptionally well preserved assem-
blages were noted in the upper Eocene, Campanian, and
Albian. Diversity was generally low because of the high
latitudine of the site, the problem of dissolution, and in
the case of the Aptian-Jurassic, a highly restricted (eu-
xinic) depositional environment.

A short (10-cm) interval (repeated by a double hit of
the drill string) at the top of Section 511-1-1, belongs to
the Emiliania huxleyi Zone; the rest of that core is bar-
ren of coccoliths. Cores 2 and 3 contain a limited flora
characterized by the presence of Reticulofenestra umbil-
ica and belong to the R. daviesii Zone whereas Sections
1-3 of 511-4 contain Clausiococcus fenestratus and are
assigned to the zone of that name. These two zones are
equivalent to the R. placomorpha Zone of New Zealand
(Edwards, 1971). Rare discoasters are present as well as
a few Sphenolithus moriformis and Zygrhablithus biju-
gatus. Other taxa commonly present are Chiasmolithus
altus, R. bisecta, and Coccolithus pelagicus.

Sample 511-4,CC to Core 16 contains an assemblage
similar to that just noted plus Ismolithus recurvus and
can be assigned to the early Oligocene Blackites spino-
sus Zone of Edwards (originally called the B. rectus
Zone; see Edwards, 1971). A few rhabdoliths are seen in



this interval, as well as Pontosphaera multipora and P.
pulcheroides.

Cores 17-20 contain common and exceptionally well
preserved coccoliths of late Eocene age. These are as-
signed to the Reticulofenestra oamaruensis Zone of Ed-
wards (1971) because of the presence of R. oamaruensis
and Discoaster saipanensis. Other members of this as-
semblage include Ismolithus recurvus, R. bisecta, Chi-
asmolithus oamaruensis, D. tani (few), C. altus, and
Coccolithus pelagicus. Core 21 is barren of coccoliths.

Core 23 contains an early Maestrichtian nannoflora
dominated by the cool-water Biscutum coronum and
can be assigned to Wind’s (1979) proposed zone of the
same name. Other species include B. dissimilis, Arkh-
angelskiella specillata, Gartnerago costatum, Eiffelli-
thus turriseiffeli, Prediscosphaera cretacea, Nephroli-
thus corystus (mostly rims), Kamptnerius magnificus,
Ahmuellerella octoradiata, and members of the Lucian-
orhabdus/Phanolithus plexus. Core 24 contains a some-
what different assemblage with common Monomargin-
atus pectinatus, Misceomarginatus pleniporus, Martha-
sterites inconspicuus, and Biscutum coronum. This as-
semblage is also assigned to the B. coronum Zone of
Wind (1979), but the core may be early Maestrichtian or
latest Campanian in age (see Wind and Wise, this vol-
ume).

The interval from Core 25 through Section 511-27-2
was barren of coccoliths. Section 511-28-1 through Core
42 contained Marthasterites furcatus but no Lithastri-
nus floralis and, considering the foraminifers present, is
mostly dated as early Campanian in age. L. floralis is
present downhole starting in Core 43, indicating an age
of mid-Santonian or older. Other common species with-
in this interval are Watznaueria barnesae, Micula decus-
sata, Biscutum constans, Eiffellithus eximius, E. turris-
eiffeli, Seribiscutum primitivum, Kamptnerius magnif-
icus, Cretarhabdus conicus, and Prediscosphaera cre-
tacea. E. trabeculatus makes a brief appearance in
Cores 39 and 40 (warm interval?). Thiersteinia ecclesias-
tica n. gen., n. sp., is present from Section 511-46-1 to
Section 511-48-1 and is used to define a new zone.

Micula decussata and Kamptnerius magnificus are
present down to the uppermost sample of Core 48 (mid-
dle Turonian or younger); the other core sections are
barren. These species are absent in Core 49 (lower Turo-
nian or older).

Section 511-50-2 to Section 511-56-1 contain an as-
semblage similar to Core 49 except that Eiffellithus tur-
riseiffeli is absent; thus this interval is assigned to the
Prediscosphaera cretacea Zone of Thierstein (1973).
Core 51 contains common Sollasites falklandensis and
overlies the subzone of the same name.

Prediscosphaera cretacea is absent below Core 56,
Section 1, but Lithastrinus floralis is present down
through Section 511-58-2; therefore this assemblage
belongs to the Parhabdolithus angustus Zone which
Thierstein (1973) dates as middle Aptian to early Albian
in age. Cores 58 to 62, Section 1, do not contain L. flor-
alis but in selected intervals are flooded with fragments
of Micrantholithus obtusus. The rest of Core 62 is essen-
tially barren of coccoliths except for the core catcher.
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Sample 511-62,CC to Core 70 contains Watznaueria
britanica (small central area and bar generally present),
Zygolithus erectus, and other forms described from the
Jurassic of DSDP Hole 330, Leg 36 (Vekshinella strad-
neri, Ethmorhabdus gallicus, and Stephanolithion min-
utum with short lateral spines). This assemblage is
found in the Volgian of the Russian platform (Medd, in
press). S. hexum and S. bigoti co-occur in Core 70,
which would indicate a Callovian-early Oxfordian age
for the base of the drilled sequence.

Radiolarians

Radiolarians are common and well preserved in Cores
1 through 20 at Site 511. Cores 21, 23, 56, and 57 also
contain radiolarians but they are sparse and generally
recrystallized. All other cores examined are barren of
any siliceous microfossil remains. Only core-catcher sam-
ples were studied at Site 511.

In the absence of any well-established, high-latitude,
Paleogene radiolarian zonation, the cored sequence be-
tween Cores 2 and 20 is equated to Riedel and Sanfilip-
po’s (1978) standard low-latitude zonal scheme.

Age Determinations

Age determinations can be summarized as follows:
Core 23: Late Cretaceous

Core 21: middle to early Eocene

Cores 17-20: late Eocene

Cores 5-16: early Oligocene

Cores 2-4: early Oligocene—possibly early late
Oligocene
Core 1: mixed Pleistocene and Oligocene

Core 23 is dated as Late Cretaceous because several
radiolarian genera known to be restricted to this time
period occur in it. No identifications to the specific level
are possible because the specimens are very poorly pre-
served. Most radiolarians are represented as internal
casts composed of glauconite or are entirely replaced by
this mineral.

Core 21 is tentatively dated as middle to early Eocene,
because the Amphymenium splendiarmatum and Am-
phicraspedum prolixum group co-occur in the presence
of many specimens of Buryella species. Nearly all speci-
mens are recrystallized to some degree and most cannot
be identified to the specific level.

Cores 20-17 are late Eocene in age, equivalent to the
Thyrsocyrtis bromia zonal equivalent at low latitudes.
This age determination is based upon the occurrence of
Theocyrtis sp., the ancestral form of Theocyrtis tuber-
osa known only to occur in the upper half of the 7. bro-
mia Zone at low latitudes. In addition, the co-occur-
rence of Cryptoprora ornata, Theocyrtis diabloensis,
and Lychnocanoma amphitrite within these cores indi-

" cates a late Eocene age.

Cores 17 through 5 are early Oligocene, equivalent to
the Theocrytis turberosa Zone at low latitudes. This de-
termination is based upon the occurrence of Calocyclet-
ta acanthocephala throughout the sequence of cores.
This radiolarian is known only from sediments of the
early Oligocene age (7. tuberosa Zone) in mid- to low-
latitude regions (DSDP, Legs 22 and 31). Johnson

37



SITE 511

(1974) found C. acanthocephala restricted to T. tuber-
osa Zone sediments in the Indian Ocean (DSDP Site
216, Leg 22) and Ling (1975) also encountered this spe-
cies in the lower half of the T. fuberosa Zone at DSDP
Site 292, Leg 31, in the Northwest Pacific-Japan Sea
area.

Cores 4 to 2 contain Calocyclefta cf. parva. This
species is believed to be the ancestral form of C. parva,
which appears in the late Oligocene in mid- to low-lati-
tude areas. Dinkelman (1973) reports C. cf. parva re-
stricted to the early Oligocene Theocyrtis tuberosa Zone,
but Moore (1972) believes this species may range into
the basal Dorcadospyris ateuchus Zone, or early late
Oligocene. Therefore, Cores 4 through 2 are dated as
probable early Oligocene, but possibly early late Oligo-
cene in age.

Core 1 contains a homogenized mixture of Pleisto-
cene and early Oligocene radiolarians, indicating that
the integrity of this interval is disrupted.

Paleoclimatic Interpretation

The presence in Cores 20 through 16 of Calocycletta
species of Orosphaerid and Collosphaerid radiolarians,
and of Cryptoprora ornata, Theocyrtis sp. (ancestral T.
tuberosa), Lychnocanoma amphitrite, Lithocyclia crux,
and Thyrsocyrtis bromia (very rare) are indicative of rel-
atively warm conditions, probably cool temperate wa-
ters, in the vicinity of Site 511 during the latest Eocene
and early Oligocene interval.

However, by Core 12 the dominant species in the
overall radiolarian assemblage have changed. Most
warm-water elements such as the Calocycletta have dis-
appeared, and the assemblage becomes dominated by
cooler-water Spongoplegma, Prunopyle, and Eucyrtid
species. This assemblage persists through Core 11 and is
considered transitional, indicative of significant upwell-
ing conditions during climatic deterioration within the
earliest Oligocene. The convergence of cool temperate
and subantarctic waters and the eventual transgression
of subantarctic waters over Site 511 are proposed. How-
ever, the exact timing of this event cannot be ascertained
from radiolarian data.

Between Cores 11 and 9 further climatic deterioration
is evidenced by the radiolarian taxa encountered. The
radiolarian assemblage in Cores 9 through 2 generally
resembles the early Oligocene assemblage recorded by
Chen (1975), from Leg 28, Site 274, at 69°S on the Ross
Sea continental margin. Cyclampterium(?) longiventer,
Spongomelissa fenestrata, Lithomelissa challengerae, S.
sphaerocephalis, S. sp., and Eucyrtidium sp. are signifi-
cant constitutents of this radiolarian assemblage. Chen
(1975) encountered this assemblage in Cores 31 through
39 at Site 274, and owing to the proximity of Site 274 to
the Antarctic continent, it must be considered antarctic
in character. Radiolarians in Cores 9 through 2 at Site
511 appear to represent the northerly elements of a
broad antarctic/subantarctic paleobiogeographic prov-
ince encompassing 18° of latitude in the circum-Antarc-
tic seas during the early Oligocene.

By Core 5 at Site 511, a slight moderation of climate
is evidenced by the reappearance of Calocycletta and
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warm-water Eucyrtid species. A slight southerly shift of
warmer subantarctic waters over Site 511 seems feasible
to explain this faunal modification.

In summary, climate through the latest Eocene and
early Oligocene at Site 511 fluctuates from cool temper-
ate to broadly subantarctic/antarctic in character. The
exact timing of this transition cannot be ascertained
from radiolarian data; it is, however, an early Oligocene
event.

Diatoms

Diatoms are well preserved and abundant in Core 1.
A detailed examination of this core revealed the pres-
ence of three disconformities. The siliceous gravelly
sand and foraminiferal ooze from 0-37 cm of Section 1
is assigned to the Coscinodiscus lentiginosus Zone of the
Brunhes Magnetic Chronozone.

The lithology change at 37 cm marks a disconform-
able boundary separating the upper Coscinodiscus len-
tiginosus Zone from the C. elliptipora/Actinocyclus in-
gens Zone encountered at 511-1-1, 52-53 cm. Sample
511-1-1, 91-92 cm is assigned to the C. kolbei/Rhizoso-
lenia barboi Zone of the uppermost Pliocene.

No zonal designation is given to Sample 511-1-1,
120-121 cm because of considerable downhole slumping
of younger microfossils and reworking of lower Plio-
cene and upper Miocene microfossils. This sample is
probably close to an apparent disconformity separating
lower Matuyama Chronozone sediments (511-1-1, 91-
92 ¢cm) from upper Gauss Chronozone sediments (511-
1-1, 142-143 cm). Sample 511-1-1, 142-143 cm contains
a flora characteristic of the Nitzschia weaveri Zone.
Samples 511-1-2, 31-31, 65-66, and 89-90 c¢cm are as-
signed to the N. interfrigidaria/Coscinodiscus vulnifi-
cus Zone of the mid-Gauss and are apparently conform-
able to the N. weaveri Zone of basal Section 1.

The third disconformity in Core 1 probably coincides
with the sharp lithology change at Section 2, 144 cm.
This sharp boundary between the siliceous gravelly sand
above and the diatom ooze below separates the middle
Pliocene of Sample 511-1-2, 89-90 cm from the lower
Oligocene of Sample 511-3-1, 4-5 cm.

Abundant and diverse diatom assemblages of early
Oligocene to late Eocene age occur in sediments recov-
ered in Core 1, Section 3 through Core 20, Section 3. Six
diatom zones have been identified in this interval (see
Gombos and Ciesielski, this volume). The interval from
Sample 511-1-3, 132-134 cm through Sample 511-4-3,
10-12 cm contains part of the Coscinodiscus superbus
group Zone; that from Sample 511-5-1, 10-12 cm through
Sample 511-11-2, 30-32 cm contains the Rhizosolenia
gravida Zone; Sample 511-11-3, 30-32 cm through Sam-
ple 511-12-1, 11-13 cm contains the Brightwellia spiralis
Zone; Sample 511-12-2, 11-13 cm through Sample 511-
15-1, 13-15 cm contains the Melosira architecturalis
Zone; Sample 511-16-1, 22-24 cm through Sample 511-
16-2, 22-24 cm contains the Asterolampra insignis
Zone; and Sample 511-17-1, 83-85 cm through Sample
511-20-3, 23-25 cm contains the Rylandsia inaequiradi-
ata Zone.



In Hole 511, the Eocene/Oligocene boundary occurs
somewhere within or between Cores 16 and 17; that is,
close to the top of the R. inaequiradiata Zone. This
boundary cannot be closely defined on the basis of any
definite diatom appearance or extinction datum. How-
ever, a significant change in the relative abundance of
the genus Pyxilla was observed in the vicinity of the
boundary. In Core 20 (below the boundary) the abun-
dance of this genus is about 1500-2000 specimens per 2
traverses at X400 magnification. Above Core 20 the
abundance decrease by an order of magnitude. It is not
certain if this dramatic abundance change reflects actual
oceanographic conditions or if it is a preservational
phenomenon.

Sporadic specimens of reworked Eocene diatoms
were noted throughout the hole.

Silicoflagellates

Silicoflagellates are common and well preserved in
most sediments examined from Cores 1-20; below Sam-
ple 511-20,CC, they are absent. Species diversity is low
in Pliocene to Recent sediments and high in lower Oligo-
cene to upper Eocene sediments.

Samples 511-1-4, 15-16 c¢cm, through 511-3-3, 65-66
cm, are assigned to the revised Naviculopis constricta-
Corbisema archangelskiana Interval Zone of the lower
Oligocene (see Shaw and Ciesielski, this volume). The
dominant silicoflagellate flora throughout this interval
are Naviculopsis trispinosa, N. biapiculata, Distephan-
us crux, and Dictyocha deflandrei. Other species com-
monly present in this zone include Corbisema apiculata,
C. flexuosa, C. geometrica, Dictyocha aspera martinii,
Distephanus crux loeblichii, and others,

Core 3 below Sample 511-3-4, 65-66 cm, Cores 4
through 7, and Core 9 through Sample 511-9-4, 80-81
cm contain a newly defined Naviculopsis constricta/
Dictyocha deflandrei concurrent Range Zone. The well-
preserved and diverse assemblage in these lower Oligo-
cene sediments includes N. constricta, N. biapiculata,
N. trispinosa, Corbisema geometrica, C. apiculata, Dic-
tyocha aspera martinii, Mesocena occidentalis, and oth-
ers. Sediment recovery in Core 8 was poor and the core
was not sampled for study.

Sample 511-9-5, 80-81 cm through Sample 511-11-4,
5-6 c¢cm is placed in the newly defined Naviculopsis tri-
spinosa Zone of the lower Oligocene and is character-
ized by the abundant occurrence of N. trispinosa. The
first consistent occurrence of Dictyocha deflandrei marks
the top of this zone; only few to rare D. deflandrei occur
sporadically within the zone. Other species common in
this interval include Corbisema hastata globulata, C.
triacantha, Mesocena apiculata, M. occidentalis, N. bi-
apiculata, and N. constricta.

Sample 511-11,CC through Sample 511-18,CC is
placed in the newly defined Mesocena occidentalis Zone.
The rich silicoflagellate assemblage of this upper Eocene
to lowermost Oligocene interval includes common Cor-
bisema hastata globulata, C. triacantha, Distephanus
boliviensis, D. crux crux, M. apiculata, M. occidentalis,
Naviculopsis biapiculata, and N. constricta. N. trispino-
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sa is present (< 10%) but is significantly less abundant
than in younger strata of this site.

Sponge Spicules

At Site 511 sponge spicules were recognized in Paleo-
gene sediments (Cores 2-20); in Mesozoic deposits they
are totally absent. In Cores 2-20 the assemblage is rep-
resented mostly by spicules of glass sponges (class Hya-
lospongiae) with a compact skeleton. In much smaller
numbers are isolated macroscleres and microscleres.
Rare are spicules of tetraradiate sponges (order Tetraxo-
nida), the number of which increases considerably in the
upper Eocene deposits.

When morphological types are compared, two assem-
blages of sponge spicules are distinguished. The first
characterizes the lower Oligocene deposits (from Sam-
ple 511-2-1, 98-100 cm to Sample 511-16,CC) The sec-
ond association is present in upper Eocene sediments
(Cores 17-20). Rather numerous are representatives of
the order Tetraxonida: dichotriaenes, anatriaenes, oxe-
as, strongyles, styles. Fossil microscleres such as sigmas
occurred rarely, and only in the upper Eocene.

Pollen and Spores

Cenozoic

In Cores 1-3 (Quaternary to the uppermost layers of
the lower Oligocene) spores and pollen are absent.

In Cores 4, 5, 6, 9, 11, 12 (lower Oligocene), pollen
and spores are relatively diverse and numerous. Abun-
dant are Gymnosperm pollens: Podocarpus sp., Dacry-
dium sp., D. cupressinum, Phyllociadus sp., P. mawso-
nii, Microcachryidites antarcticus, and Pinus sp. Angio-
sperms are represented by the pollens Nothofagus (bras-
si type and fusca type), Casuarina sp., Myrtaceae, Pro-
teaceae, Combretaceae, Tricolpites sp., T. reticulata,
Rhoipites minusculus, R. baculatus, Psilatricolporites
sp. Among spores were identified Cyathea sp., Gleiche-
nia sp., Anogramma sp., Matonisporites sp., Cyathea-
cidites sp., Leiotriletes regularis, Cingutriletes australis,
Cicatricosisporites sp., Polypodiaceae.

In Cores 15-17 palynomorphs are few: Podocarpus
sp., Dacrydium sp., D. cupressium, Phyllocladus sp.,
Nothofagus sp., N. sp. (fusca type), N. sp. (brassi type),
Tricolpites sp., Triatriopollenites sp., Psilatricolporites
sp., Polypodiaceae, Cyathea sp., Leiotriletes sp., Glei-
chenia sp., and Cicatricosisporites sp.

In Cores 18-20 only very rare grains of pollen and
spores were found: Podocarpus sp., Dacrydium sp.,
Phyllocladus sp., Nothofagus sp., Tricolpites sp., Cya-
thea sp., Leiotriletes sp., and Polypodiaceae. Impover-
ished assemblages of pollen and spores testify only to
the Eocene-Oligocene age of the sediments.

Mesozoic

In Upper Cretaceous deposits (Cores 29-49), spores
and pollen grains are sporadic. They are missing in the
greater part of Albian sediments (Cores 49-55). In un-
derlying deposits of the Lower Cretaceous and Upper
Jurassic, considerable amounts of satisfactorily pre-
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served spores and pollen make it possible to subdivide
sediments into three units with different palynological
assemblages.

In Cores 56-58 Gymnosperm spores and pollen are
present in relatively equal quantities. Sporadic grains of
Angiosperm pollen of the genus Clavatipollenites were
recognized. Among spores, Gleicheniidites spp. and Cy-
athidites minor are predominant. Very common are
spores such as Cicatricosisporites spp., Ceratosporites
distalgranulatus, Coronatispora valdensis, Crybelospo-
rites spp., Cyatheacidites tectifera, Muricingulisporis
annulatus, Perotrilites linearis, Taurocusporites sp.,
Polypodiaceoisporites elegans. Classopollis pollen pre-
dominates within the Gymnosperms. Pollen of Cyclu-
sphaera psilata is also present.

This assemblage has some species common to a paly-
nological association from the Baquerd continental for-
mation (Santa Cruz Province, Argentina), the age of
which is palynologically determined as Barremian-Ap-
tian (Archangelsky and Gamerro, 1967). It is also simi-
lar to an assemblage, tentatively assigned an Aptian-Al-
bian age, from deposits off the South African coast
penetrated by Hole 361, Leg 40 (McLachlan and Pie-
terse, 1978) and to an Albian assemblage from Hole
327, Leg 36, on the Falkland Plateau (Hedlund and Be-
ju, 1977). It is noteworthy that according to planktonic
foraminifers, the age of the sediments at Site 511 is
dated as upper Aptian (Core 58)-lower Albian, the Tici-
nella roberti Zone (Cores 57 and 56).

In Cores 59-62 the palynological assemblage is char-
acterized by a predominance of Gymnosperm pollens;
among them Classopollis is dominant. Pollens from Cy-
clusphaera psilata and Inaperturopollenites limbatus are
constantly present. Angiosperm pollens are missing.
Spores are not numerous, though represented by diverse
genera and species such as Antulsporites saevus, A.
granulatus, Contignisporites cooksoni, Cicatricosispo-
rites spp., Dictyotosporites complex, Distaltriangulispo-
rites sp., Foveosporites subtriangularis, Ischiosporites
volkheimeri, Interulobites algoensis, I. sinosus, I. aff.
triangularis, Matonisporites crassiangulatus, Nevesispo-
rites sp., Polypodiaceoisporites elegans, Staplinisporites
caminus, Taurocusporites segmentatus.

Though most spore species of this assemblage are pe-
culiar to Upper Jurassic and Lower Cretaceous deposits
of Argentina, South Africa, and Australia, presence of
such typically Lower Cretaceous forms as Cyclusphae-
ra psilata, Cicatricosisporites spp., Inaperturopollenites
limbatus, Polypodiaceoisporites elegans, and Taurocu-
sporites segmentatus enable us to date deposits as Ear-
ly Cretaceous. The assemblage can be correlated with
spores and pollen from the Agrio and Ortiz formations
of Neuquén Territory in Argentina (Volkheimer and
Sepulveda, 1976; Volkheimer et al., 1977), the age of
which was determined by ammonites in the Agrio For-
mation as Hauterivian-Barremian. In addition, a simi-
lar assemblage was observed in deposits of the Sundays
River Formation (Alboa Basin, South Africa). Its age
was tentatively determined as late Valanginian-early
Hauterivian on the basis of ostracodes, benthic fora-
minifers, and mollusks (Scott, 1976).
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In Cores 63-70 the palynological assemblage abounds
with Classopolis pollen. Spores are not numerous, being
represented mainly by the same species and genera as in
the previous assemblage. A peculiar feature is the ab-
sence of species typical of the Lower Cretaceous depos-
its only. From this standpoint the age of the assemblage
is Late Jurassic. Most similar to this assemblage are
those from the Vaca Muerta Formation (Argentina) of
Tithonian age (Volkheimer and Quattrocchio, 1975) and
the Kirkwood Formation (the Uitenhage Group, Algoa
Basin, South Africa), supposedly of Late Jurassic-Early
Cretaceous age (Scott, 1976). Similarity with the above
formations is suggested by the absence of Cyclusphaera
psilata and presence of some species of the genus In-
terulobites. As there are no data on Oxfordian and Kim-
meridgian palynoassemblages from Argentina and South
Africa, and no spores of Interulobites have been identi-
fied from the Oxfordian-Kimmeridgian of Australia (Fi-
latoff, 1975), the assemblage at Site 511 in the interval
from 556 to 632 meters is conditionally attributed to the
Tithonian.

Mesozoic Dinoflagellates?

The interval between Sample 511-29-1, 0-3 cm and
Sample 511-40-5, 34-36 cm is dated as Late Cretaceous
(early Campanian to Santonian). Restricted to this in-
terval are Isabeladinium latum and Chatangiella granu-
lifera, Odontochitina porifera, Amphidiadema denticu-
lata, and A. nucula. Xenascus ceratioides occurs at and
below Sample 511-34-4, 124-126 cm; the last appear-
ance datum (LAD) of Conosphaeridium striatoconus is
in Sample 511-40-5, 34-36 cm. The underlying interval
between Sample 511-41-3, 51-53 cm and Sample 511-47-
1, 42-44 cm is Late Cretaceous (Coniacian to Turonian).
C. striatoconus occurs throughout the interval, and the
LAD of Palaeohystrichophora infusorioides is in Sam-
ple 511-42-4, 110-112 cm. Actinotheca aphroditae oc-
curs only in Sample 511-42-4, 110-112 cm. No dinoflag-
ellates were recovered from the interval between Sample
511-48-3, 42-44 cm and Sample 511-53,CC; the age is
therefore indeterminate. The interval between Sample
511-54-3, 46-48 cm and Sample 511-58-2, 52-54 cm con-
tains a low-diversity assemblage with Ovoidinium scab-
rosum, Angustidinium acribes, and ?Oligosphaeridium
asterigerum. The interval is interpreted as Early Creta-
ceous (Cenomanian to Albian) because of this associa-
tion. Samples from Cores 59 and 60 were not examined.
The interval between Sample 511-61-1, 69-71 cm and
Sample 511-67-2, 80-82 cm contains Endoscrinium lu-
ridum (in Sample 511-61-1, 69-71 c¢cm only), Leptodin-
ium mirabile (LAD in Sample 511-64-5, 45-47 cm), and
Gonyaulacysta jurassica (LAD in Sample 511-67-2,
80-82 c¢m). The interval is dated as Late Jurassic (early
Kimmeridgian to late Oxfordian) by this assemblage.
Samples from Cores 68 and 69 are nondiagnostic. The
deepest sample examined is at 511-70-1, 50-52 cm; it
contains Wanaea digitata, Rigaudella sp. cf. R. aemul-
um, Endoscrinium galeritum; and Gonyaulacysta juras-

3 Additional report by D. K. Goodman and M. E. Millioud, Exxon Production Research
Company, Houston, Texas.



sica, which indicate an early Late to late Middle Jurassic
(early Oxfordian to late Callovian) age. Based on dino-
flagellate data, the Jurassic/Cretaceous boundary is in
the interval between Sample 511-58-2, 52-54 cm and
Sample 511-61-1, 69-71 cm. No Cretaceous sediments
older than Albian and no Jurassic sediments younger
than early Kimmeridgian were identified.

Macrofauna

Cores 41-43 contain numerous but fragmentary re-
mains of Inoceramus s.l., a few other indeterminate
pelecypods, and locally, a number of generically inde-
terminate solitary corals (evidently redeposited, at least
in part). The sediments were deposited in the bathyal to
outermost neritic environment, judging by the general
absence of such shelf-bound fossils as belemnites and
thick-shelled pelecypods in the presence of depth-toler-
ant organisms such as Inoceramus.

In Cores 50-56 Aucellina species range from ex-
tremely numerous (coquinas) to rare—A. sp. cf. radia-
tostriata, A. sp. cf. andina, and A. sp. indet. The co-
quinas were deposited under the influence of strong bot-
tom currents. The presence of other, apparently shelf-
bound pelecypods suggests an inner neritic origin, al-
though an alternate interpretation can be made in favor
of an outer neritic to bathyal environment.

Rare aconeceratid, cheloniceratic, and ancyloceratic
ammonites of Aptian affinities are found in Sections
57-3 to 58-1. These are all depth-tolerant or nectoplank-
tonic ammonites which suggest a bathyal to outermost
neritic environment similar to that of Cores 41-49,

Section 58-4 to Core 62 did not yield any immediately
diagnostic macrofossils, although belemnites and buchi-
id pelecypods were present. No shells comparable to
Aucellina were present; this fact could suggest a pre-
Aptian age. A significant fluctuation in water depth is
seen in this interval. Sections 58-4 to 60-4 were definitely
deposited in an inner neritic to littoral environment in
close proximity to the basin shoreline. This is indicat-
ed by abundant thick-shelled shallow-water pelecypods
(often forming coquinas), including numerous oysters.
Belemnites, which come from inner- to median-shelf en-
vironments at depths of less than 150 meters, are com-
mon, whereas ammonites, which favor outer-shelf to
upper bathyal environments, are nearly totally absent.
The alteration of belemnite-bearing and oyster-rich units
indicates a frequent alternation between a normally sa-
line environment and a distinctly brackish (presumably
delta-influenced) environment.

The interval from Section 60-5 to Core 63, on the
other hand, was deposited in the same bathyal to outer-
most neritic environment as Section 41-3 to Core 49 and
Sections 57-2 to 58-3. This is suggested by the general
paucity or complete absence of most fossils (pelecypods,
belemnites, and large ornate gastropods). The deposi-
tional environment is one of very low energy and reduc-
ing conditions.

The hiatus between Core 62 and Core 63 probably in-
cludes the upper Tithonian as well as the Berriasian to
Hauterivian (or possibly even Barremian) rocks. This is
strongly suggested by the occurrence of the exclusively
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Late (but not Latest) Jurassic Malayomaorica sp. and/
or Jeletzkyella sp. in Core 63. A perisphinctid ammonite
in Sample 511-63-3, 49-50 cm is identified as Virgato-
sphinctes (Pseudoinvoluticeras) sp. of early Tithonian
affinities. The appearance of fairly common belemnites
and a general increase of fossil content in Sections 64-1
to 65-2 suggest a shallowing trend which apparently
brought the bottom of the basin into a mid- to outer
neritic environment. This trend culminates in the ap-
pearance of numerous interbeds of a presumably inner
neritic to littoral pelecypod coquina in sandy siltstone
containing common to abundant pelecypods and some
Hibolites-like belemnites (Sample 511-65-2, 90 cm). This
abrupt lithological and faunal change marks the second
episode downhole of inner neritic to littoral deposition
at Site 511.

This second interval of shallow depositional environ-
ment is seen from Sections 65-2 to 65-3 in a distinctly
cyclical alternation of fossil-rich sandy to pure siltstones
with very thin interbeds of pelecypod coquina. The
faunal composition of these units is exactly the same as
in the Cretaceous (Sections 58-4 to 60-4), including
numerous oysters in some coquinoid interbeds. The en-
vironment was much the same as in the Cretaceous.

The lowermost cores from Site 511 (Sections 67-4 to
70-5) consist of siltstone (black and petroliferous), rich
in belemnite of the genus Hibolites but lacking thick-
shelled shallow-water pelecypods. This suggests a low-to
very low energy, mid-neritic (50-7150-meter) deposi-
tional environment.

PALEOMAGNETISM

Paleomagnetic measurements were made on Leg 71
sediments using samples taken by pushing plastic cylin-
ders (2.5 cm in diameter and approximately 2.5 cm in
length) into the sediment. These samples are oriented by
a notch pointing in the uphole direction. Additional
samples were taken in the harder sediments of Site 511
using a diamond-tipped drill, after an orientation arrow
was inscribed on the sediment. Measurement of natural
remanent magnetization (NRM) and postdemagnetiza-
tion remanence were carried out using the shipboard
Digico fluxgate spinner magnetometer, integrating the
readings over up to 2? spins. Demagnetization was per-
formed on board the Glomar Challenger by means of a
Schonstedt alternating field demagnetizer. Samples were
demagnetized along three mutually perpendicular axes
at the peak field; then one further demagnetization was
carried out at half the peak field with the third axis re-
versed with respect to the demagnetizer coils. This addi-
tional demagnetization reduces the effect of any anhys-
teretic remanent magnetization (ARM) which may build
up in the sample.

At Site 511, 135 samples were taken for paleomagnet-
ic study at intervals of approximately 3 meters in the
more complete sections of the hole. Pilot demagnetiza-
tion shows that the NRM is stable and probably repre-
sents a primary magnetization. Samples with stronger
NRM intensities were demagnetized at 150 oersteds (Oe).
Demagnetization produced changes in inclination of us-
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ually less than 10°. Gaps in sampling in the upper part
of the hole prevent the identification of magnetic epochs
within the Cenozoic. The NRM inclinations of Mesozo-
ic sediments are shown in Figure 9. The majority of the
samples are normally magnetized (i.e., have negative in-
clinations), representing the long Cretaceous Normal
Interval. Three samples with low or reversed inclination
occur in the lower part of the Cretaceous sediments. On-
ly the zone between Samples 511-60-6, 44-46 cm and
511-60-6, 51-53 cm has been confirmed by resampling;
however, it is possible that these sediments were deposit-
ed during the Serra Geral Mixed Interval (as defined by
van Hinte, 1976). The NRM of these samples may com-
prise a reversed primary magnetization with a normal
secondary overprint. Demagnetization of these samples
was not carried out on board the Glomar Challenger be-
cause the NRM intensities were too low. Two reversed
samples occur in Jurassic sediments (in Cores 63 and
68), but these have not been confirmed by resampling.

Inclination (°)

The upper boundary of the long Cretaceous Normal In-
terval is marked by the top of Core 27. The reversed
sample in Core 35 has a very weak intensity and is not
considered to represent a true geomagnetic reversal. The
mean absolute inclination for the Mesozoic sediments is
53.5 + 21.9°, which would indicate a paleolatitude of
34.0° for the Falkland Plateau.

Intensity variation in Hole 511 sediments reflects lith-
ology (Fig. 10). The Cenozoic and Maestrichtian oozes
(Subunits 2A and 2B, and Unit 3) were predominantly
low in intensity, ranging from 0.2 to 0.9 uG. Intensity in
the zeolitic clays is low (0.5-2.0 pG) to a depth of about
320 meters, below which values increase to between 20
and 140 uG. Sediments have a marked red color below
350 meters, reflecting a high iron oxide content; this red
coloration is also marked in the nannofossil claystones
and chalks of Unit 5, which have an intensity of 10-140
uG. Intensities within the black shales (Unit 6) are low
(0.1-1.0 uG).
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Figure 9. Variation in natural remanent magnetization (NRM) inclinations within the Mesozoic at Site

511.
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Figure 10. Correlation between natural remanent magnetization (NRM) intensity and lithology at Site 511.

43



SITE 511

ORGANIC GEOCHEMISTRY

Sediments encountered in Site 511 were analyzed on-
board ship for organic carbon, gases in gas pockets, and
fluorescence and were subjected to a pyrolysis/fluores-
cence procedure (Heacock et al., 1970) to provide an es-
timate of hydrocarbon occurrence. Gas samples were
taken wherever possible, although the gases were not
severely pressured in any of the cores taken. Results of
these shipboard procedures and analyses are discussed
hereafter, followed by General Observations that take
into account both the shipboard and shore laboratory
studies (see Schaefer et al.; von der Dick et al.; Copelin
and Larter; Deroo et al.; all this volume). In some in-
stances, the more sophisticated shore laboratory analy-
ses changed significantly the impressions of the matura-
tion and migration patterns derived from the shipboard
analyses (Ludwig et al., 1980).

Organic Carbon

Samples for organic carbon analyses were selected
mainly in fine-grained and dark material. The values
obtained should therefore reflect zones of enrichment in
organic carbon. Samples were dried, crushed, treated
with HCI, washed, weighed, and analyzed on a Hewlett
Packard 185B CHN analyzer. Prior to this, the HP 185B
was calibrated by different standards, and integrator
counts were plotted against weight in milligrams of or-
ganic carbon. Errors and deviations in organic carbon
analyses may be due to resistant carbonates (e.g., dolo-
mite) and especially to weighing on a rolling and pitch-
ing vessel. Both the organic carbon values and the car-
bonate contents (determined by the carbonate bomb
technique) are listed in Table 3.

Pyrolysis/Fluorescence

Pyrolysis/fluorescence should give a background for
both the presence of heavy free hydrocarbons in a sedi-
ment and the generative potential of the sediment for re-
leasing bitumen at stages of higher maturity when related
to organic carbon content. The procedure was improved
by injecting N, into the pyrolysis tube, thus preventing
hydrocarbons from burning. The values obtained by this
method seem to be more reliable.

The fluorescence units of pyrolyzed sediments of dif-
ferent types and ages are plotted against carbon content
in Figure 11.

Gas Analyses

We noticed no highly pressured gas or large gas pock-
ets in any of the cores. Gas analyses were run on a Carle-
GC equipped with a thermal conductivity cell and a much
more sensitive Hewlett Packard 5710 AGC, equipped
with a dual FID system.

Fluorescence

Random samples were taken to look for fluorescence,
but even the black shales showed no indications.

Discussion of the Shipboard Results

Organic carbon values of Site 511 range from 0.1%
to 4.1% and can be roughly divided into two units.
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Table 3. Organic carbon, nitrogen, and carbon-
ate content, Hole 511.

Corg

Corrected
Core/Section N Cog forCO3~~ CO3~~
(interval in cm) (%) {%f (%) (%)
2,CC, 7-9 0.08 0.165 0.12 30
2-4, 10-12 0.06 0.06 0.06 2
34, 40-41 0.1 0.7 0.7
4-2,118-120 0.1 0.9 0.9
5-4, 90-92 0.1 0.62 0.62
6-3, 90-92 0.95 0.44 0.43 2
11-3, 110111 1.1 0.68 0.65 5
12-1, 80-82 0.12 0.95 0.94 1
15-1, 72-74 0.09 0.44 0.43 2
16-1, 90-92 0.09 0.59 0.58 2
17-2, 60-62 0.04 0.44 0.41 7
18-1, 70-72 0.07 0.37 0.33 11
20-2, 64-66 0.08 0.51 0.4 13
21-1, 15-17 0.05 0.13 0.13 0
24-3, 98-99 0.06 0.32 0.15 53
25-1,103-104  0.04 0.03 0.03 1
28-1, 78-80 0.06 0.26 0.25 2
28-7, 0-1 0.08 0.62 0.61 1.5
31-3, 144-146 0.1 0.8 0.78 2
32.5, 146-148 0.1  0.85 0.82 3
33-2, 92-94 0.09 0.62 0.60 2.8
33-5, 106-109  0.07 0.6 0.59 20
342, 113-115 0.9 0.71 0.70 2.0
34.7, 51-54 0.08 0.67 0.54 20.0
36-2, 141-143  0.07 0.57 0.54 6
38-2, 41-42 0.09 0.69 0.67 2.9
39-3, 81-82 0.08 1.9 1.14 40
40-2, 10-11 0.09 0.63 0.63
41-3, 36-37 0.06 0.18 0.18 0.5
43-1, 23-25 0.08 0.26 0.26 0.4
44-3, 51-53 0.08 0.34 0.25 25.5
45-2, 93-95 0.07 0.31 0.31
46-3, 61-63 0.1 042 0.42
50-3, 62-64 0.06 0.26 0.21 21.0
51-1, 141-143 0,07 0.1 0.1 0
53-5, 65-66 0.03 0.1 0.08 25.5
§5-5, 140-142  0.06 0.27 0.26 3
556, 127-129  0.06 0.68 0.68
56-2, 74-76 0.47 0.15 0.14 8
56-5, 56-58 0.5 0.1 0.51
57-3,100-102 0.1 1.7 1.7
58-1, 72-74 0.07 0.63 0.63
59-1, 86-88 02 4.l 2.8 35.0
61-2, 81-82 0.16 3.8 3.7 i
62-3, 54-56 0.14  2.55 2.55
63-3, 16-17 0.19 3.3 33
66-3, 92-94 0.2 4.2 4.1 2
68-2, 71-72 0.18 3.2 3.2
69-3, 75-77 0.19 295 2.95
70-4, 96-98 0.16 2.85 2.85

Samples from the Tertiary and Cretaceous down to the
Aptian contain only small quantities of organic carbon.
This is in agreement with the general features of sedi-
ments exhibiting brighter and reddish colors and indica-
tions of bioturbation. Probably this type of organic
matter belongs to a kerogen Type III originating from
continental runoff of higher terrestrial plant debris and
perhaps reworked coaly and/or oxidized sedimentary
particles. If this is so, the low content of organic carbon
is apparently a result of a low but relatively constant
ratio of the flux of organic and mineral matter through
the water column (von der Dick, 1979). Extreme low
values at the Tertiary/Cretaceous boundary can be as-
signed to more variable conditions. Pyrolysis/fluores-
cence data (Fig. 11) are very low and seem to reflect pri-
marily the crudity of the method. The sedimentary se-
quence completely changed when the Lower Cretaceous
black shales were encountered. Organic carbon values
average 3.5%.

Pyrolysis/fluorescence data exhibit an extreme in-
crease compared to the claystones and muddy nanno-
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Figure 11. Fluorescence of pyrolyzed sediments of different types and
ages plotted against carbon content (shipboard measurements).

fossil chalk in the upper part of the section (Fig. 11),
thus reflecting the high potential of the black shales for
generating oil. Although very crude, this quick method
seems to be a useful indicator for any hydrocarbon-
bearing sediments and accumulations, whether free or
bound to the kerogen matrix.

When Core 60 was drilled at about 530 meters and re-
trieved, an intense odor of oil was present. This odor
was most intense in Cores 60-63 and dropped to moder-
ate intensity in the subsequent cores. Methane was de-
tected first in Core 41, and ethane was initially encoun-
tered in Core 54, where it exhibited a C;/C, ratio of 400.
This ratio decreased to a minimum value of C,/C, = 93
in Core 61 (Fig. 12) and fluctuated between 130 and 210
in the deeper parts of the section. The same trend could
be traced in the C,/Cs and C,/C; ratios (Fig. 12). In
general, low C,/C,;, C,/C5, and C,/Cs ratios together
with strong odor and high fluorescence values indicate a
high degree of maturity. However, an objective determi-
nation of the thermal evolution is necessary; this was
done in shore laboratory studies described hereafter.

The upper part of the shales (Core 60-63) seems to be
of special interest for hydrocarbon generation and mi-
gration. Indications for a high hydrocarbon potential
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and/or a migration of released low-molecular organics
within this part include (1) the intense odor of oil; (2)
the minimum values for C,/C,; C;/Cs; C/Cs (Fig. 12);
inversion of iC4/nC, (Table 4); and absolute maximum
fluorescence values (Fig. 11).

Gaseous hydrocarbons encountered in the hole con-
sist predominantly of methane up to 30%, followed by
ethane up to 0.4% and higher hydrocarbons, each de-
creasing in concentration by about one order of magni-
tude per increasing carbon number. Ratios of C,/C,,
C,/C,, and C,/Cs follow the same pattern below Core
63, but are different above Core 60.

These features of Cores 63-70, reflecting ‘‘in phase”’
behavior (Whelan, 1979), were also recognized in Site
397; the behavior is apparently a result of an in sifu re-
action. Migrating hydrocarbons, if leaving the source
rock, are not in phase because of the now discernible
separation process involved in migration and diffusion.
The ratio of iCs/nCs is always 1, except in Cores 60-63
(Table 4). Indeed, this inversion is a result either of a dif-
ferent organic facies or of migration toward barren sedi-
ments across a border. If a migration has taken place,
light hydrocarbons generated below this border (in phase)
are selectively separated when reaching the denser chalks.
According to their molecular size and form, volatility,
water solubility, and polarity (which are important for
migration and diffusion processes to take place), these
compounds are gradually allowed to pass the border.

General Observations from Shipboard and
Shore Laboratory Studies

Amount and Type of Organic Matter

The black shales of Site 511 (Lithologic Unit 6) exhib-
it high organic-carbon contents, on average about 3.5%
per dry weight. Both microscopy and geochemical anal-
yses reveal that the high organic content is the result
mainly of an accumulation of liptinitic (to a great part
marine) organic matter. Because of the high content of
organic carbon and high amounts of liptinitic (‘‘bitumi-
nous’’) organic matter, the black shales have an excel-
lent potential to generate hydrocarbons from the source
rock at stages of a higher maturity. Based on Rock-Eval
pyrolysis and microscopy, the type of organic matter
present in the shales can be defined as a kerogen Type II.

The organic gross composition of the Aptian-Upper
Jurassic shales is relatively homogeneous throughout
the cored sections. Nevertheless, a detailed geochemical
analysis shows a general decrease in the contribution of
land-derived organic matter from the Jurassic toward
the lower Albian. This trend is in agreement with the oc-
currence of marine chalks at the top of the shales.

The change from euxinic conditions toward a better-
ventilated sedimentary system on the Maurice Ewing
Bank is reflected by the rapid drop of organic carbon
within a ‘‘transitional zone’’ (Deroo et al., this volume)
to lower and very low values at the boundary of the Ap-
tian/Albian. The drop of organic carbon accompanies a
general shift from a bituminous organic facies to a non-
marine and residual type of organic matter (von der
Dick et al.; Deroo et al.; both this volume).
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Figure 12. Gaseous hydrocarbon ratios within the Mesozoic sediments (shipboard measurements).

Table 4. Analysis of gas pockets, Hole 511, Cores 52-70.

52 54 55 56 57 58 59 60 61 63 64 65 66 67 68 69 70
Cy/Ca o 430 422 353 236 286 160 | 120 95 152 188 200 176 193 158 209 114
Cz/nCs S 21 23 13 30 29 2 7 5 3 6 5.4 5.7 6 5 6.5 4
C>/nCs Jo >33 >agd 5103 >103 >103 660 | sS4 44 45 86 67 83 100 64 133 42
iC4/nCyq S S oS o <l <l <1 | <l <l =1 >1 >1 >1 >1 >1 2 >1
neoCs/nCs | =10 >10 >1 >10 il >10 1 0.5 0.6 1.1 1.4 1.4 1.2 1.1 1 1.3 1.3
~——— Zone of Diffusion and Scattering —————# <+—— Zone of — | <——————— Zone of Generation —_—
Accumulation? 1

2 Limits of detection.

The remarkable change in the composition and quan-
tity of organic matter at the Aptian/Albian boundary
can be related to the improvement of the water circula-
tion on the Falkland Plateau and in other southern parts
of the early South Atlantic Ocean (Reyment, 1980).
Apart from a few exceptions, a residual type of organic
matter represents the organic fraction of the Albian-Re-
cent sediments. The low organic content (about 0.2-0.3%
for Units 1, 3, and 5 and Subunit 2B, and 0.4-0.5% for
Subunit 2A and Unit 4) and the dominating inert type of
organic carbon indicate environmental conditions op-
posite to those in the black shales. The slightly higher
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accumulation of organic carbon in Subunit 2A and Unit
4 may be related to the high sedimentation rates of these
units, which hinder through rapid burial the almost
complete oxidation of organic matter. Microscopic anal-
yses made on shore and chemical analyses of the ex-
tracts suggest that no liquid compounds have migrated
upward in the section.

The redistribution of light hydrocarbons has been
minimal and is discernible only at major stratigraphic or
lithologic boundaries (i.e., the Tertiary/Cretaceous un-
conformity, or the transition from the black shales to
the Cretaceous chalks and claystones).



Thermal Evolution of the Black Shales

The vitrinite reflectance, as an indicator of the ther-
mal history of organic matter, is 0.44% Rm downhole
at a depth of 630 meters. Therefore, the shales are still
in an immature stage of oil generation. The low amounts
of extractable compounds (bitumen or extract) and of
light hydrocarbons (Schaefer et al., this volume), as well
as the patterns of the hydrocarbons all indicate low ma-
turity. Thus, the distribution of hydrocarbons reflects
mainly the type of organic matter rather than a diage-
netic transformation.

The gradients of several parameters as indicators of
an increasing thermal evolution with depth of burial are
quite high, apparently in response to the relatively high
thermal gradient of about 7°C/100 m (Langseth and
Ludwig, this volume). On the Northwest African conti-
nental margin, which has a much lower thermal gradient
of 4.2°C/100 m, a comparable vitrinite reflectance is
reached at a depth of 1400 meters in sediments of an
equivalent age (Cornford et al., 1979). Decreasing atomic
N/C and O/C ratios of bitumen point to splitting off of
functional groups and correspond to the slow increase
of hydrocarbons (normalized to organic carbon) with
depth of burial. We expect, therefore, that the zone of
oil formation will be quickly reached in the black shales
in regions of somewhat deeper burial and comparable
thermal gradient (either updip on Maurice Ewing Bank
or downdip in the ‘“‘basinal’’ province of the Falkland
Plateau).

An estimation of the vitrinite reflectance in the Ter-
tiary claystones is 0.26% Rm. The only slightly higher
degree of maturity at the top of the Cretaceous black
shales does not allow for significant additional overbur-
den at the Cretaceous/Tertiary disconformity of Site
511.

PHYSICAL PROPERTIES

Sound velocities, gravimetric densities, vane shear
penetration, and thermal conductivity measurements
were taken. In general, sound velocity and gravimetric
density were measured on identical samples. Penetra-
tion and vane shear were taken as close to the sample as
possible without disturbing it. From the basic measure-
ments, acoustic impedance, water content, and porosity
have been computed without corrections for salt con-
tent. For the wet-bulk density samples, determined by
the cylinder technique, a raw, estimated shrinkage coef-
ficient was determined. The procedures for determina-
tion of sound velocity and vane shear strength followed
Boyce (1976). The results of the physical properties
measurements are given in the core descriptions at the
end of this chapter.

Wet-Bulk Density

The wet-bulk density data discussed here were deter-
mined by gravimetric methods, either by cylinder tech-
nique (in soft sediments) or chunk technique. For the
uppermost few meters only the GRAPE densities must
suffice, because no gravimetric determinations were pos-
sible in this section (Table 5).
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Table 5. GRAPE densities, Cores 1 and

2.
Dist. from
Top of
Section GRAPE
Core/Section (m) Density
1-1 0 2.2
0.4 2.15
0.5 2.25
1.5 1.9
1-2 0 1.9
1.4 1.9
1-3 0 1.8
1.4 1.6
2-1 0 1.4

sity decreases again until it reaches a value of 1.4 g/cm?
in Core 2 at the boundary of Oligocene sediments.

The gravimetric data show stable values of 1.5 g/cm?
down to 100 meters; values then decrease to 1.2 g/cm?
between 100 and 190 meters below seafloor. The reduc-
tion corresponds to an increase in diatom content, al-
though drilling disturbance could also contribute.

In association with the Tertiary/Cretaceous boundary
and a change in lithology from diatomaceous oozes to
clays, the wet-bulk density changes from 1.2 to 1.6
g/cm?, In the Cretaceous section down to the bottom of
the hole, the bulk density of the clays and claystones in-
creases continuously up to 1.9, even in the black shales
below 500 meters. Some low porosity values, up to 2.6,
are due to calcareous and sandy layers within the black
shales.

Water Content and Porosity

The values for water content and porosity discussed
here and plotted in the core descriptions are not correct-
ed for salt water. Because of the homogeneous lithology
(at least over large parts of the site), water content and
porosity correlate quite well.

Porosity decreases from 80% at the top of the section
to 75% at 100 meters and then increases again to 80% at
the Tertiary/Cretaceous boundary. In this section the
normal inverse relation with bulk density is obvious. In
the uppermost Cretaceous, the porosity drops within 50
meters down to 55% and then increases rapidly again to
68%. There is some evidence that an increase in calcium
carbonate may in part cause the drop in porosity. A
slight deviation of the bulk-density curve from the con-
solidation trend can be recognized during the same in-
terval.

From 250 meters to the bottom of the hole, the por-
osity of the fine-grained sediments follows a normal
consolidation curve similar to bulk density. Some low
porosities, especially in the black shales, are due to car-
bonates, carbonate sands, and sandy layers.

Sound Velocity

The sound velocities are very stable within the Terti-
ary sediments, with a mean value of 1.6 km/s for the
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upper 200 meters. Between 200 and 250 meters a strong
increase to 2.5 km/s occurs; it is parallel to the observed
drop in porosity in the same interval. The sound velocity
is again stable between 250 and 300 meters (1.6-1.8
km/s) and increases to about 2.2 km/s between 300 and
350 meters. From 350 meters down to the bottom of the
hole, the fine-grained sediments show a continuous in-
crease in sound velocity from 1.7 to 1.9 km/s. High ve-
locities, mainly in the upper part of the black shales, are
caused by calcareous layers and the associated drop in
porosity. Large differences between horizontal and ver-
tical velocities are due to shell layers. Down to the Terti-
ary/Cretaceous boundary the acoustic impedance (ve-
locity x density) is stable, whereas in the Cretaceous it
increases continuously owing to the increase of bulk
density; all peaks of the sound velocity curve are appar-
ent in the acoustic impedance data.

Penetration and Shear Strength

Penetration was measured down to 400 meters and
shear strength down to 300 meters. The penetration val-
ues are very high in the upper 130 meters of the section;
this may in part be caused by drilling disturbance. Some
lower values are due to higher CaCOj; percentages.

From 150 to 210 meters penetration values are stable
near 5 mm, whereas below that point penetrations near
2 mm were measured. The change occurs within the in-
terval with significantly lower porosities. The vane shear
values are widely scattered and give no more than a gen-
eral trend since only a few measurements are valid; most
of them did not show a clear shear point.

GEOPHYSICS

Correlation of Seismic Reflectors with Lithology

Site 511 is located on the back slope of a cuesta-type
sedimentary ridge in the basin province of the Falkland
Plateau. The general configuration of reflectors in this
province is that of thick sheets of sediments dipping to
the south and terminated updip by erosional truncation
(Fig. 2) (Ludwig, this volume).

Correlation of geologic units cored with reflectors of
the Conrad 21-06 seismic line is shown in Figure 13.

Drilling at Site 511 provided definitive information
on the nature and age of the wedge of sediments filling
the Falkland Plateau Basin. From analyses of vertical
reflection and sonobuoy reflection and refraction data,
Ludwig and Rabinowitz (1980) conclude that after the
inception of seafloor spreading off the north flank of
the Falkland Plateau, the plateau was a broad depres-
sion well below sea level, bordered on the west by the
Falkland Islands Platform, on the north by a continen-
tal rim, on the east by the emerged microcontinental
Maurice Ewing Bank, and on the south by the North
Scotia Ridge. The basin floor thus formed was under-
lain either by oceanic crust or attenuated continental
crust. The configuration of apparently conformable
uniform foresets shown by seismic profiles and the con-
figurations shown by Ludwig et al. (1978) strongly indi-
cate deposition as a single, continuous event. Therefore,
Ludwig and Rabinowitz (1980) postulate that the wedge
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+of sediments may represent some post-breakup, pro-

graded slope-type deposition of sediments eroded from
the continental rim followed by basin-slope and basin-
floor seismic facies units of deep-marine, pelagic, and
hemipelagic sediments. The reflection geometry and li-
thology at drill sites indicate shallow-marine coastal
downlap of sediments on a paleoshelf edge, followed by
slope front fill, and by draping of pelagic sequences.

Heat Flow

At Site 511, a successful heat flow measurement was
obtained for the first time on the Falkland Plateau using
the DSDP Downhole Temperature Probe (DHTP), con-
sisting of an Uyeda electronic package and von Herzen
thermistors. More than 50 previous attempts by Lamont-
Doherty scientists to obtain heat flow measurements
through use of thermistor probes attached to a conven-
tional piston corer had failed, owing to a seafloor cover
of manganese and glacial material which destroyed the
probes.

At Site 511 the DHTP was lowered twice, to sub-bot-
tom depths of 52.5 and 113 meters. Readings of ther-
mistor resistance sampled every minute are stored in the
probe and are played back and displayed upon retrieval.
Resistance readings are then converted to temperature
data using the thermistor calibration data. The heave
compensator was used during the drilling; this usually
results in good stability of the bottom hole assembly in
the unconsolidated sediments penetrated by the probe.

The temperature versus time data of the two lower-
ings were then plotted. The temperatures in the sedi-
ments at their depths sub-bottom define a gradient of
0.074°C m~! (Langseth and Ludwig, this volume).

Thermal conductivities were measured on core sam-
ples at irregular intervals aboard ship and on shore.
These measurements gave a mean value of 0.842 W
°C-!m~!. The heat flow indicated by these observa-
tions is 62.3 mW m~2 (1.49 HFU), a value compatible
with the geological evolution of the plateau.

SUMMARY AND CONCLUSIONS

Site 511 is located about 10 km south of Site 330
(DSDP Leg 36) in the basin province of the Falkland
Plateau, The site was drilled and continuously cored to
a sub-bottom depth of 632 meters. Heat flow measure-
ments were made in unconsolidated sediments at sub-
bottom depths of 52.5 and 113 meters.

Lithostratigraphy

From top to bottom, the sediments cored consist of
the following lithologic units:

Unit 1—3 meters of gray to olive gray siliceous oozes
and thin foraminiferal oozes of Pliocene-Recent age,
with manganese nodules and ice-rafted pebbles and
grains.

Unit 2—192 meters of section divisible into two sub-
units. Subunit 2A comprises 182.5 meters of olive to
dark gray muddy diatomaceous oozes and muddy nan-
nofossil-diatomaceous oozes spanning the late Eocene-
early Oligocene interval. Subunit 2B encompasses 9.5
meters, of which only the uppermost 72 cm were recov-
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ered. It consists of greenish gray pelagic clay with minor
glauconite, chert, and volcanic ash, of Paleocene or Eo-
cene age.

Unit 3—14 meters of gray calcareous oozes and zeo-
litic foraminiferal oozes with occasional chert pebbles
and disseminated minor glauconite, of late Campani-
an(?) to early Maestrichtian age.

Unit 4—203.5 meters of gray to greenish gray zeolitic
clays and claystones with intercalations of nannofossil
and foraminiferal claystones, ranging in age from Turo-
nian to Campanian-early Maestrichtian.

Unit 5—80 meters of variegated, often reddish brown
claystones, nannofossil claystones, and muddy nanno-
fossil chalk, of early Albian to Turonian age.

Unit 6—140 meters of black, massive, thinly laminat-
ed mudstones and nannofossil mudstones of Later Ju-
rassic to early Albian age, in places highly petroliferous
and indicative of anoxic conditions. Pyrite is common.
Belemnite rostra are common, benthic microfossils are
essentially absent, and microcoquinas of Inoceramus
and Aucellina occur frequently.

Principal Results

Hiatuses recognized within this succession occur at
the Quaternary/Pliocene, Pliocene/early Oligocene, Pa-
leocene or Eocene/Maestrichtian, Cenomanian/Albian,
and Upper Jurassic/Lower Cretaceous boundaries. The
unconformity that truncates the southward-dipping
sheets of sediment on the plateau (Figs. 2 and 13) lies
between Units 2 and 3 at Site 511 and probably corre-
sponds to the Paleocene or Eocene/Maestrichtian hia-
tus, the maximum duration of which was not precisely
determined. The unconformity is believed to represent a
major erosional surface caused by bottom-current scour-
ing.

Microfossils occur in nearly all of the cores. The most
significant biostratigraphic results at Site 511 are the
collection of the following assemblages:

1) 183 meters of lower Oligocene and upper Eocene
diatomaceous ooze and muddy nannofossil-diatoma-
ceous oozes with exceptionally well preserved and di-
verse diatoms, radiolarians, and silicoflagellates, together
with sufficient numbers of calcareous nannofossils and
foraminifers to provide temporal control by correlation
with lower-latitude zonations and the well-established
New Zealand stages;

2) 183 meters of lower Campanian-Turonian bio-
genic sediments, sometimes containing rich and diverse
planktonic foraminifers and nannofossils not previously
described from the high latitudes of the Southern Hem-
isphere;

3) Continuous cores through most of the Lower Cre-
taceous-Upper Jurassic black shale and claystone that
enabled us to determine stratigraphic subdivisions and
to refine paleogeographic reconstructions based on mol-
luskan and microfossil data;

4) Benthic foraminifers and other floral and faunal
groups that demonstrate subsidence of the Falkland
Plateau with a distinct acceleration at or near the Low-
er/Upper Cretaceous boundary.
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Accumulation rates of biogenic sediments testify to
the highly episodic nature of sedimentation on the Falk-
land Plateau; periods of exceptionally rapid sedimenta-
tion separated by hiatuses or condensed intervals seem
to be the norm for the area. High productivity of sili-
ceous plankton during the late Eocene-early Oligocene
is indicated by the very high sediment accumulation rate
(about 44 m/m.y.) calculated for this interval. A rather
high sedimentation rate marks the Campanian interval.

Sediments of Tertiary through Albian age contain
only small quantities of organic carbon. In contrast, the
underlying black shale of Late Jurassic-Aptian age con-
tains 1.7-4.1% organic carbon (average 3.5%). Organic
geochemical investigations and ratios of gaseous hydro-
carbons suggest that (1) the black shale has not reached
a high degree of maturity; (2) the hydrocarbons present-
ly occurring in the black shale were formed in sifu, that
is, the shale is both the source and host rock; and (3) no
significant amount of additional overburden is neces-
sary to explain the degree of organic maturation of the
black shales.

Drilling at Site 511 provided data that significantly
build on drilling results from Leg 36 on Maurice Ewing
Bank. They indicate that, with some exceptions, litho-
stratigraphic units were essentially continuous across
the bank and the basin province of the plateau; inter-
ruption of units is due largely to erosion. Further, a ma-
jor erosional event took place at or near the Paleocene
or Eocene/Maestrichtian boundary, implying that a cir-
cum-Antarctic Australia current may have been in exis-
tance and admitted to the area prior to the opening of
the Drake Passage in the Oligocene-middle Miocene.
This, in turn, implies the existence of a passageway for
currents between East and West Antarctica during the
Late Cretaceous-early Tertiary, a fact which has al-
ready been determined from paleomagnetic data.
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SITE 511 HOLE CORE_ 1 CORED INTERVAL 0.0-50m SITE 511 HOLE CORE 2 CORED INTERVAL 5.0-145m
Hmr‘:ﬂﬂ:ﬂlc ZONE BIOSTRATIGRAPHIC ZONE
e FOSSIL EHARACTER w CTER
g [ efeale alz| 2 g z
e ol HE EHER GRAPHIC Z - 2|8| & GRAPHIC
\ g ﬁE E E z E E LITHOLOGY g LITHOLOGIC DESCRIPTION '\ = i E p LITHOLOGY LITHOLOGIC DESCRIPTION
-1 HHHEEE § Blecl®| ¥
E iu § 2= :3 = a = £ dg
Ei % |8 [An iz B &=
AG |FGICM i
Section 1, 0=11 em: SILICEDUS GRAVELLY MEDIUM-GRAINED DIATOM ODZE: pale olive (6Y &3} with occasionsl Intervals of
> g ¥ SAND; pale olive (5 8/4); sub-angular to angular pebbles <26 em, 2 increased clay content {Section 1, 16=17 cm; Section 4, 21-22 cm,
? o = I including Mn nadula, granite, and basalt pebbies up 1o 4 cm, 05 70-73 cml. Clay intervals gray (5Y 5/1), Minor bigturbation balow
B g 1 . Saction 1, 1137 cm: FORAMINIFER DOZE; white 5 B/1) to gray 1 Section 1, 104 cm. Rare subdnguiar pebbles (2 om) In Sections 1
2 15Y 5/1), with 3—4 om lonses of gravelly, medium-grained auartz tand and 3,
; #nd minar ash nd pebbies. 1.0
kel i -4 Section 1, 37-150 em and Section 2, 1-144 cm: GRAVELLY DIA- SMEAR SLIDE SUMMARY
TOMACEOUS MEDIUM-GRAINED OUARTZ SAND. Mud content 110 261
waries irregularly. Mn nodules snd encrustations present, o o
Section 2, 144-150 em and Section 3, 0-20 om: DIATOM DOZE; E’"’I < _3 Ti
s pale olive (5Y 631 with lenses af ollve gray (5 5/2), Haavy mifisrai L ™
o Section 3, 20-74 em: MANGANIFEROUS MUDDY DIATOM OODZE: Clay minarals = 1w
2 dark grayish beawn [25Y 4/2); highly disturbed lens of siliceous Diatoms m 83
ol 2 gravelly muddy sand (5Y 6/3) at 3540 cm, Occasional clsts (<2 emi) 2 Racholarians 1 2
g of distam saze. Silicoflagellaes 1 1
= Section 3, 74-139 cm and Section 4, 0-3 om: DIATOM ODZE: Spange spicules 1 1
1 sbove with lenses of muddy oore (BY 5/2) m 74130 cm and Volcanic plass ™ -
silicecus gravelly muddy send (5Y 6/3) st 8984 cm, @ CARBONATE BOMB.
EMEAR SLIDE SUMMARY a E 3, 120122 16)
B 2 100 3
BN doma e S| | MAGNETIC DATA: 2113
L - Inchnation -60.4
Quartz 7 @ 4 3 7 o s e s, Declination BEE
g 3 Feldepar TR TR 1 = 1 = 3 mm s ) {amudcc) 0.354E-05
g‘ od e W - o ™ - B g rrienaty femaicel k =
= Hearvy minmraiy TR 1 ™ - TR GRAIN 51ZE:
o Clay minerals 12 30 3| 0 15 1.30 19, 22, 69}
Carbonate umipee. 10 - - - — ‘a3
g Foraminifers B0 TR - TR TR ELSR
4 Nannafousiis TR = T = =
Digtoms 16 an 50 74 T4
Fei| Fediolarian 1 2 1 2 2
B | CGlpm | FG CC) il i = .= TR .=
Spange spicules TR TR 1 1 1 |+
Micronodules - - 7 - =
o
CARBONATE BOME: b
4. n-3342
C
G
RP

Information on core daescription sheets, for ALL sites, represents field notes taken aboard
ship under time pressure. Some of this information has been refined in accord with post-
cruise findings, but production schedules prohibit definitive correlation of these sheets
with subsequent findings. Thus the reader should be alerted to the occasional ambiguity
or discrepancy.
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SITE 511 HOLE CORE 3 CORED INTERVAL 145-24.0m SITE 511 HOLE CORE & CORED INTERVAL 33.5-43.0m
BIETRATIGRAPHIC ZONT WIDSTRATIGRAPHIC ZONE
AND AND
» FOSSIL CHARACTER a2 FOSSIL CHARACTER
2 [] alZ| = 8 [] slz| =
2k |u o1 GRAPHIC w ol 5 GRAPHIC
12 EE g g 5l & | utHoLogy LITHOLOGIC DESCRIFTION S g‘b g 25| £ | umowoay K LIFHOLOQIC RESCHIPTION
w3 |E2 < =] 3 a g3 £ < ! 2zl 2 2 B
£ |5 HHEE Geds £ 153 g3 |e8 g F
LA HHES 1 A HEHS =5
—~—=|| 3
i s Section 1, 0-33 cm: DIATOM OOZE; dark gray [2.5Y 4/0); carbonate MUDDY DHATOMACEQUS DOZE; as In Carn 4, dark gray (2.5Y 4/0);
k."_u_ =~ J content Increwses downward, Small <1 em) pale yellow (2.5 874} wery slightly bioturbated throughout: distom content increnses down-
<4 e sedimantary clamt st 28-31 em. by
1 o ! Section 1, 33 cm-Section 3, 100 em: NANNOFOSSIL DIATOMA-
o ]! . CEOUS ODZE: light gray (25 7/0), vary sbightly bioturbated; SMEAR SLIDE SUMMARY
'r_\f_‘u_\.'_‘\_ | ! occasional irregular dark siringers, some with voleanic ash. 180 250 510
gt Section 3, 100150 cm: DIATOMACEOUS NANNOFOSSIL OOZE: o o D
o] ! | grey [25Y 8101 and yery dark gray (2.5 30); lrveitarty interbedded Cuartz = r 2
 ameiac Il with nannofessil distom ooze; very tightly bioturbated, Mics ;—: = &
~ . Ssction 4 and Section 5, 033 cm: MUDDY DIATOMACEOUS OOZE; e i T oTn TR
! dark gray (2.5YR 4/0) with very dark gray (2.5YN /D) coaeser prained Nowmatotdi W ovg e
¥ zonm contalning glauconite and high content of biogenie silicecus Diatoms 56 60 70
" skoletons (radiclarians and distoma), Nannolowll content varlable. Raciolarians 1 1 2
2 Vary siightly bioturbated throughout. Silicattagellates i 1 1
t Corg-Catcher: MUDDY DIATOMACEOUS ODZE: gray (28Y 5/01 Spange spicula TR TR 1
Micranodubes - 1 1
:% | SMEAR SLIDE SUMMARY
o 2 116 184 218 3931 487 2 E 5 CARBONATE BOMB:
5 . b o D D D j i 5,7-9 (6}
8 g Quartz 1 i1 TR TR TR i ] 3 =
S [d Mics TR - TR 1 - 5(a g § 3 GRAIN SIZE:
R | Ciny minarals 8 1 - - W 55| |3 E 232 1,24, 75)
£ s Foraminitars - - TR TR - g 3|8 43211,32,67)
£ 3 3 Nannofossits 12 M| B B 6 = & 2
i ! Distams 7 e 8 & 6
5 Fsdiolarians TR 1 2 TR
] Silleotiagaliutes 2 1 1 1 1
. Spange spiculn ™o 1 1 TR
I CARBONATE BOMB:
5,7-81(2)
MAGNETIC DATA: 4102
Inclination -30.7
4 . Declination ng
Intersity (emu/eel 0.260E 06
M
GRAIN S12E:
255 (0, 31, 63)
455 (2, 30, 88}
4 [ amca
rP [AM| FP | co |cm|Fa
SITE 511 HOLE CORE 4 CORED INTERVAL 24.0-335m
BIOSTRATIGRAFHIC ZONE
AND
» FOSSIL CHARACTER
g g 3 HER
is gg ] g EE| E | Tiotoey LITHOLOGIC DESCRIPTION
g2 (B3 RE| 5| 3|4 [e3l8] 2 BEEA g
1 HEH Eikd o
- a 2
EH 2 = |33 = g
1 FAEAED E o 5
Section 1-Section 3, 65 cm: MUDDY DIATOMACEQUS DOZE;
gray (25Y /0] and dark gray (T5YR 4/0) with benses and stringers
of light gray (25YN 7/0-2.5Y 7/0) ocore containing high nennafossil
Very slight bi throisg
CoreCatcher: MUDDY DIATOMACEOUS OOZE; gray (25Y 5/0)
SMEAR SLIDE SUMMARY
299 2920
M D
g Quartz 1 1
g =3 Mica - TR
= i Heavy minerals TR =
o|= Clay minerals - 30
el Faraminifers - TR
Nannotossils 53 10
Diatoms w0 58
. Radiolarians i -
Silicattagellstes 1 -
. Sponge spicules 1 TR
Voleanic glas 1 -
CARBONATE BOMB:
2,81-62 (B.5)
AP
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SITE 511 HOLE BC_E -] CORED INTERVAL  43.0-525m SITE 511 HOLE CORE 7 CORED INTERVAL 525-62.0 m
BICSTRATIGRAPHIC ZONE TRRT IR T
§ FOSSIL CHARACTER § FOSSIL CHARACTER
2181512 LR ] R HER H
- Eg HEE g ElE Janaeric. H LITHOLOGIG DESCRIFTION T E; B E 5 E . | AR E LITHOLOGIC DESCRIPTION
B 2= w @ z |2
§§§§2§§a§5‘ §E ] §° |53 23l 2| 3|8 fea| ¥ 2 +
FERE 3 F H 2 =
- HHHHE $:H 3§§§§: H 3
4 M J = =~
-‘-_‘_;_v- —r [ ! - 1 > =4c .
g gy i . : 4 A o NANNOFOSSIL DIATOMACEOUS OOZE, as in Corn B; with clasts
o5 m [11]e HANNOFOSSIL DIATOMACEQUS OOZE; gray (2.5 5/D), with inter- b S B e, {1=2 cm) of creamy (2.5 7/2) to light gray. wiffar nannafossil diatom
B e vals 23 om thick of darker ooze (2.5Y 4/0) whara nannofossil cortant 05~ ~~70 gous that contain fets clay than the. supy matriz, Abundant. Mn
1| TFale el in bowur, ie. Section 1, 052 em: Section 2, 0-10, 6080, and 127 | 3 Mo modiies ;acxd - Tthie - clatts feaoertiive, gradity, asbmclitel; larger My
.-I-_'_;r —_ | 147 em; and Section 3. Very slight bioturbation throughaut. Clay 1 A5 0 nadules noted In graghic column, In Core-Catcher chert(?], Mn nodules
m._l._LQ,_"J ! content iable Section 1, 0-50 crm, decressing d 1w > o wnd othe lithic clasts.
g Ry il gl | i | G
N . s
m S ey, | SMEAR SLIDE SUMMARY L
B e et } 128 141 386 ] SMEAR SLIDE SUMMARY
S =l | M D D - c 120 4903
i N i Cuarte TR 1 1 . M D
b | 3 [o]
e | Clay mineral k-l 3 - N c Ousrtz TR TR
i M ==y B Foraminiters ™R TR 1 = Mica ™ -
] MRS | Nannotossils 3 W 2 ] Clay mingrals % 13
o ~.'_|_- o, Sl Diatorms B0 0 69 2 ~ o] Foraminifer TR =
:‘L'A.'- — | ! Radiclarians 1 4 3 : o N.umelund; 1% %5
2 -~ A Silicatlugellates 1 1 1 = Distoms. 80 80
= 3| gy (S | Sponge tpicules TR TR 1 - o] Fadiglarians TR TR
O | e |me| g £ A Vobcanic glass - 1 1 § = Spongs piculei TR TR
; ] o Pl o emacadny | | § 3 Micronocdubes TR 2
B z E Bl S | CARBONATE BOMB: & - . o
g = e 4,58-50 (5.5) 5% k] = o
1 B -t t w = -
e K —— = 3
2 1o 7| wacwencoara: aa E E g E o
L) S e i Inclination -2a = s ©
:'—4\’:\4- e ] g Declination 761 ]
o | Ty . ] Intemity (emuiee) 0.430E-06 =
A aons i 7
i ol i Bl K M 1
5 [ |os] 1  wvo
‘_-l-|v- —— Y ESS
:' -+ ] I .
2 i s 3
4 __:-l-w ~=4 I ! 1
B e L L B
- L 4 - | o]
e |arjou] oo jaofrs fef e Som o | a0
P g
—— A O L
J.."' =t (o]
T, e~
Fc/ T
ne [nrlow|co jewf e Joc] - fom o |
SITE 511 HOLE CORE 8 CORED INTERVAL 620-716m
llﬂ“lmﬂarmc TONE
» FOS3IL CHARACTER
3 £ ] =lZ| 2 >
= =l o x
TElsE| 58 E AR e, | g8 LITHOLOGIC DESCRIPTION
w3 E' wI S| 2 = g &
£7 |58 3| g | 2 ! 8 8 = 5
L HEEE = tH
e |mdl 2|z |8 |&% I of w
S 3 L
AP G
NANNOFOSSIL DIATOMACEOUS OOZE, Care-Catcher only; tark
gray (2.5¥ 8/0), containing Mn nodule {25 cm), wbangular granite
clast and light gray (BY 7/2) clasi of nannafossil-rich diatom oore.

P18—20

lower Oligocang ——————————
Blackites spimasus
Theocyrtis tuberosa
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SITE 511 HOLE CORE 8 CORED INTERVAL 71.5-80.0 m SITE 611 HOLE CORE 10 CORED INTERVAL 80.0-89.5m
SIETRATIGRAPHIC ZOME BIOSTRATIGRAPHIC ZONE
g AND
E § FOSSIL CHARACTER
ulZ| = - @
ol 2 w E|lBS|E
T‘é 5 Bl & Lﬁwl:g&f § LITHOLOGIC DESCRIPTION E1HA R g 3 E é E Lﬁmg' g LITHOLOGIC DESCRIPTION
H FEIR F gg % 51388 2| # g B
i g 3 N 5laf BEED
24 F8 I e EkEE 2
Fe FHE 28 |83 3 |32 16 apa taf
- b . | T——
- -0 - =
R et o J e | ]
B S g NANNOFOSSIL DIATOMACEOUS ODZE: dark gray (5 4/1), stighty RP | | Raalcm, o ] e | NANNOFOSSIL DIATOMACEOUS DOZE: ss In previous cores; dark
05— o~ T | . mottled, homogeneous. Abundant Mn nctules up 10 3 cm, and wb- gray: sightly more calcareous. High clay content. Pabbla [2x5x8 em)
1 -H...l_’,_'\l_"‘ﬂ: angular to subrrounded clasty, up to 4 em, of vavied lithologies, in of finely leminated fine sandstone at 3840 cm,
T o | upper B0 cm of Saction 1. Also, in that imterval, 1-2 cm lemes of light
ID—__]_J" o~ gray [25Y 7/2) dightly diatomaceous fine quartz sand, SMEAR SLIDE SUMMARY
o e 124
i Epymayn= 1l I SMEAR SLIDE SUMMARY o
s '_VV “_‘ I 168 1126 275 378 478 675 675 760 Cuartz 1
B Y i T M D D ©O O P D D Clay mineraly %
a2 | . Cuartz g€ TR 1 1 2 TR 2 TR Zeolites !
5 o B el Mien = = = - = M - = 218 il Faraminifers 2
5 el i I ™ Clay minerats - 1 w13 M M W 2 S | £ Nannotossili £
2 [ T | Zeolites 2 TR TR TR 2 TR TR TR - 2 Distoms an
e e Foraminitars % TR TR TR 1 - - 1 2 3 g Sponge spleules TH
T s Nannofassils - 2 B M ¥/ W W B = &
E gl ot Distoms W B0 B0 65 55 50 55 50
e | Radiolarians - 3 3 My I = = =
o Silicotiagellstes = = = = = TR = .-
Pl il | Sponge 1pioube - - - - - ) - TR
3~/ Micronodubes a 2 2 1 3 2 1
—I_-‘-_,)‘N_V_ I Volcanic glas - - - = - 1 -
I S e o I
B el M CARBONATE BOMB:
a :L.L{' ol . 3, 111-112(@)
gy . iy E &N CORE_ 11 ED INTERVAL  89.5-99.0m
Jal~mg | MAGNETIC DATA: 260 280 460 560 T .Im“:'lg:imm CORED -
T e Inclination 60.2 -02 —14.4 -174
a | -".J_J‘_\.f -\l; ] Declination 621 17856 306.7 a8 § FOSEIL CHARACTER
- by Intansity (emufes) 0.140E-08 0.B40E-D6 0.320-08  0.160E-06 2 F e|z| 2
= s =] 2 2
5| & 1k 12 -\rﬂ;l ge E: b ] g £ 2 § Lm‘%ﬁgv LITHOLOGIC DESCRIPTION
=] |§ R Ve MAGNETIC DATA: 660 711 uS |8 il9].2 gl ke 8
3 T Inclingtion -28.0 407 H R E E 4
a2 @& — _L‘_'V'_v_ _[ Declination 0.2 3489 (=4 s g 5|3 EE ;
s S e M Iritensity (emufee) 0,160E-06  0.200E-06 L.k a i = _‘ﬂ.=
& —l._l' —_— ] L =
g en s | GRAIN SIZE: <M
o el e — 27012, 32, 68) o el MUDDY MANNOFOSSIL DIATOMACEOUS DOZE: dark gray (5
T~ =s 470 (2, 38, 60) 05 = 471); massive; slightly matthed; somewhat more eslcareous; bacorming
T == "
= T ey 670 (6, 41, 53) 1 B . stitfar down core, Frominent burmows in Section 2, 30-50 em,
= N — .l
f e I o oy oy
Jm e o = | SMEAR SLIDE SUMMARY
Aol | P 175 276 375 432
B e eV agmtn ] Ve
p o | B mpenm M 4 Mo o b D D
B il e . S s P Quartz TR TR 1 TR
5 I itm s il | ey Heavy mineras - - - 2
_:L_J_’;,_V_U." | Mo | o] [ Clay minarals n B 7 B
= iy — 2
i i i = ‘L‘.L —~ Zeolites 2 TR TR
O e il 1) "_'v'_‘ M Faraminifers 2 1 L
[ g ol 06 o 2 L ] . Nannofassils s 2% 3 20
e Pl = 3 ey Distoms w a5 a5 50
T S 8 T o Radlalarianc = gl L
e e e =4 3‘ 1 e
B o= = .I__L:_v_-“ Spange spicules - 1 - -
Fapand s | & i L] Voleanic glass T S, 5
o el ey M H i P i Micronodules ) i @
L] e L - - E ] Ly
B Mg e | a et CARBONATE BOMB:
ot = 2, 123-128 (10)
-I_-L = =] | el =
b g 1 o P gy L] MAGNETIC DATA: 161 261 381
o =gy 3 A dny . Inclination 540 27 10.4
7] = 1F==1 " e Declination 182.1 33 1832
M cafemicaf | o -4 — | H e Imtensity fomiuee] 0570€-06 0.167E-06 0.510E-06
Sl e
T ] GRAIN SIZE:
[::"‘v_“-’; HY 171 (1, 36, 63)
R 4 _:.v__-\d— » 71101, 38, 62
74 |RM RP|cG | oM FGog py T
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SITE 511 HOLE CORE 12  CORED INTERVAL 99.0-1085m SITE 611 HOLE CORE 14 CORED INTERVAL  118.0-1286m
BIOSTRATIGRAPHIC ZONE mw]—l FAPHIC ZONE
Avp AND
= " FOSSIL CHARACTER
] 2|2 . AEE oz e
b gl & GRAPHIC = o E LR GRAPHIC
[ £ E LITHOLOGY A 29 LITHOLOGIC DESCRIPTION ,% 3% i iel E | uthowoey L g LITHOLOGIC DESCRIPTION
g i 4T - HEHH R £ tH
Ll = = - = i
T EH # I HES FEH
—] 1 L S =
e
T
J_-l:’_-\rq MUDDY NANNOFOSSIL DIATOMACEQUS OOZE; s in pravious SRAVEL I DoRCHIN: oot H T ok smuwe:o: ol
J'.J»— —_— core; dark gray (5Y 4/1]; dlightly mottled; more indursted then over vounded; granite, fine andsione, Mn nodules.
1 |t B . Iying cores, Very fine sandy, gleuconite-rich, very dark gray (5 311}
P ions, 2 cm thick, in Section 2, 74 em. Lowest B0 em of Section 2,
T lighter gray (5% G/1), at in Core-Catcher.
m g =]
iy S
E [} == ‘ SMEAR SLIDE SUMMARY
& 5 B Bopmpn 196 274 282 2
5 é G e et l o M D 5| 4
= £l e Quarts 1 B TR g
£ i alfna : A b ;
E] iy g Mica 0
E § e Pyrits -. TR =
L 2 J“_l"_\_,_“"_'. 1 3 Other heavy minerals 1 - - <
8 ol . Clay minerals ® - 18
e Glaucanite - & 2
T Faraminifers - 5 TR
1 Nannotossin 0 - =B
-] = Distoms 50 15 60
AP M| FM o6 (NG| F6 [oe] i =9, Rodmlmmlm A ® >
Micronadulos - SITE 611 HOLE CORE 16 CORED INTERVAL  1285-1380m
Valcanic ghen - T - BIOSTRATIGRAPMIC ZOHE
,, FOSSIL CH.
CARBONATE BOME: 2 z A il
w | % ol = %
2, 111=113{11.5) tE ;3 FE % £l Lﬁi"-fi'éﬁr :g LITHOLOGIC DESCRIPTION
Z|az 3
- HHHE R FH
7 H HELE F:E ;
SITE 511 HOLE CORE 13 COREDINTERVAL 108.5-113.0m 2.. z|&|a|ss = Bl b
BICETRATIGRAPHIC ZONE - -_I_U' 'U:_

Fossil ) NANNOFOSSIL DIATOMACEQUS QUZE: & in previous cores; gray
§ L:“!n»‘:"“ N ’__'L‘U' o | {5Y 5/ 1o 8Y 6/1); homogeneous; slightly mottied; less indurated.
Er QE H -!: HELRS GRAPHIC [ s e Large, fine grained sandstone cobale in top 7 cm.
13 |k Ak EE| B | urHooay LITHOLOGIC DESCRIPTION S e .

...a?.!au‘g_:ag 2 9 1 o s
z §§ g HEIH RS =5 L~ | SMEAR SLIDE SUMMARY
- alaqls e - ; 1.0 ﬂ-._ — = 158
S EEHEHEE 3 = s o s
[ i 7 E 2 3 Quartz 1
e AW (AN Fa{icC 23 E a Clay minerals 15
NANNOEOSSIL DIATOMACEQUS DOZE: & In previous cars; gray ol ] ~ Foraminifers 1
g (B 301); stift ; = T Nannafamits EH]
2| % £ . Distorms 55
2 MMAL En Sponge spioules 1
E é g SMEARSLIDE U ‘"|‘:, i 2 2 -l voID Micronadules 2
3 a
£ i s ] CARBONATE BOME:
B Quares £ = 1, 72-74 (8)
alE Clay rinerals ” .
Glasconite 1
Nannolosits % RP|RPICM|  lcMiFG T == GRAIN §12E:
intams 50 1468 (1, 43, 56)
Wolcanic glass 1
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SITE 611 HOLE CORE 16 CORED INTERVAL  138.0-147.5m SITE 611 HOLE CORE 18  COREDINTERVAL  157.0-1865m
HOTRATIIRARNIC TONK | BIORTRATIGRAPHIC ZONE
o AND
é ’7”““- SHARACTER v FOSSIL CHARACTER
2|83 2l g ul> 2 ] E] z| @
£ ] g g £lm | Saame s“ LITHOLOGIC DESCRIFTION TolsE| g g HE & | Graewic | Gz LITHOLOGIC DESCRIPTION
o HHHE R Feeg s HHH: HHORHE hFE
F 'i I s z '; £ 5183 B g
s EHHE S ES FEHHHEE B2
-1 =
3 = B sl <]
n T i MUDDY DIATOMACEQUS OOZE; olive gray (Y 4/2); slightly mat- 34 ] I
i et i . thed. Small ions (<05 cm) ite-rich oozs in Section 1, ot o flen | S BT S SR S o
[ L B e, 1 em and 80 and 120 ] Y T : :
x e i 2 e atween B0 & om Ll o ~]| - [5Y 8/1); sightly mottled; very faint color handing Section 2, 614
1 i M In Section 2, 2142 em, marked Incraass In glauconite content and in 1 _.J__Iﬁ,_"_,_,.- | cm. Lithic cavings snd Mn noduls Section 1, 015 cm.
| finw horizontal gray (SY 5/1) laminse; wp contact of this interval is :J_J" el J
sharp, Inclned. Section 2, 4264 em s gray (BY 5/1), very shightly = =
I L mottled, '"‘—*j:_:n,_"-"_‘,_""‘_‘_1 I | SMEAR SLIDE SUMMARY
[l loa Top 17 cm of core are very dark gray [SY 311, highly disturbed - T oG L‘“
x ._| gravelly, tandy, muddy sediment containing ilthic cavings and Mn E 2 “’I_.l:“':. ~ ]| | . ;
E S | . nedkids, % T § Mgy g anipns I Faldspar ™
o | E £ T = | Clay minarals ’
5 é | SMEAR SLIDE SUMMARY =] :_I_"' — J M Faraminifers TR
z 148 224 E 21 3 ~ Namnotosils 2
5 2 i D L] k- ‘,L“'I":v- -\;*" Distoms 59
§ u Quartz 2 3 E S :_‘_:: "’.v:': : maiamml :
S = Fakdspas ™ - — et Sponge spiculis
i 3 voID Mica - TR Lw:“"‘me relie = | Valcanic ghass 1
] 7 Clay mingraly w15 L L e ™
2 e Glauearite 2 2
calm|relcc] oS Diatorrs w6 CARBONATE BOMB:
Radiolaslans 4 5 2,79-82 (16)
SilieofIageilates TR TR AT SRR
Sponge spicubes 1 1 ]
Voleanic glas § = Iriclmation —:s;
Deciination 195,
CARBONATE BOME: Intensity (emalce} 0.1706-06
2,28-20 (1)
Care 19, 166.5—176,0 m: No recavery.
MAGNETIC DATA: 176
Inclinatiun 204
Declinstion 1.1
Antensity (emuicc) 04306 -06
e ot SITE 511  HOLE CORE 20 CORED INTERVAL  176.0-1855m
BIDSTRATIGRAPHIC ZONE
SITE 511 HOLE CORE 17 CORED INTEAVAL  1475-167.0m .
BIOSTRATIGRAPHIC ZONE 8 g
Fossi g GRAPHIC
é 2 aL?ﬂnM’.’le " . 1 g E LITHOLOGY . L LITHOLOGIC DESCRIPTION
= 4 = 3 -
=cleE| g g g2l & pohatiee. g% LITHOLOGIC DESCRIPTION %’ E
T HHORHE 35 :
E-gggazgg 2 § o]
FHEIEIHEN 3 e
B o P et
] g | osd12= 2] 1. NANNOFOSSIL DIATOMACEOUS OOZE; ot in pravious cores; gray
; B R e 5Y 81 1 \, morg heavily | ion 2, 60144 cm,
J a NANNOFOSSIL DIATOMACEOUS DOZE; us in previous cores; gray 1 Ll sl | {,,,Tm’.‘ {:';'.wb.mh:muonh| ns_:::nuénm:n_n u:v(
05 o 15Y 5/1): slight motiling throughout, becoming moderataly mottisd s Iy poafi_aq N1 t e L Tolir e (B Imm
] o in Section 3. Mn nodules in upper hatf of Section 1; rara lithic angular wLlez 2=l ey
Ll - n pebbies also in this intarel, Lnes of white (5 8/1) caze in Section 2, R et
. | 1] 24-30 an) 7790 em. Local minor gisuconite in Section 3 and Care- I e ot HA I SMEAR SLIDE SUMMARY
1o Catchar, B ol e N 150 330
1 . T P o o
g 4 114 SMEAR SLIDE SUMMARY E o JPE et ol | 7:1 11n
ilel | B : | 2 g il el B
g’ iy k- . | M Quartz 1 1 E j'L_,cu-V “ H Tz'1| :"
o|= 3 B Foldspar TR TR Yl 2| Jm s | \ ) ;
% . | Mica T OTR g~ G ot a2 &
g 2 Clay minerals 2 2 ES £ b Py v | S i
M- Focaminifers TR - I = i 4
| Nannotassils 23 u —_|_“;_u—"—v_~\ | I !
Diatoms 68 23 e = B, ot s
= | ™
| Fadiolarians 4 4 ; T | | .
| Silicoflagellates. - 1 E ‘.L'F H-l:"‘:'\ | - R b
| Sponge spicules 1 1 3 4=l === J
| ! Voleanle glast ™1 £ ol e I 2, 110112 [15)
a ”.F,’G cal e y Microncdules - TR AP {AM]CG [CG |OM) 66 oL Eeac v R
R CARBONATE BOMB: 118 (1, #4, 58)
3,32-M 08 315 {1, 40, 58)
MAGNETIC DATA: 234
Ineirmtion —80.8
Declination 1615
Intansity {smu/cch 0.150E-08
GRAIN SIZE:
1-100 (1, 48, 52}

11§ =@LIS
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511 HOLE CORE 21 CORED INTERVAL  186.5-140.0m SITE 611 HOLE CORE 24  CORED INTERVAL 204.5—-209.0 m
ICETIRATREAAMY ROME BIOSTRATIGRAPHIC ZONE
] FOSSIL CHARACTER ke FERRIL EMARALTEN
g s al2l 2 2 A 5 z| w
€ glg| £ GRAPHIC LITHOLOGIC DESCRIFTION £ |gw gz HE GRAPHIC LITHOLOGIC DESCRIPTION
JE 5 5 g E LITHOLOGY =g & 'z Ei o2 g H g 3 E ; LITHOLOGY s = g
2 g g8 £ |%3 |23 2| |5 |85 5
g e 5 F ; 5|5 = g
3
HHE A HHEE :
BI=IsT=I=1=]
! o] ‘:g:nc::aanu< l
2 | ! PELAGIC CLAY: greenish gray (SGY 6/1), moderately glauconitic o heoood i
1 In upper 88 cm: lightly mattied throughout; dark brown stringsrs at w ISR ZEOLITIC GALGAREOUS FORAMINIFERAL i bght gray
g | | 10-20 cm, Lowest 4 om (25Y 6/4) heavily mottied with ssh stringer a5 [BY 7A1); shightly | = 1-15%) glauconitic betwean 0—42 em; mb-
i 3 E 1 . between 71 and 72 om and 0.5 cm asherich clast botween 70 and 71 1l u angular chert peolile at 1820 cm.
K em. ] | M
§ ! |n‘: Mote: Section 7 i1 65 cm long.
z L oo SMEAR SLIDE SUMMARY B |
Tl - 31 - SMEAR SLIDE SUMMARY
e Lo Lid ! o o - 175 275 375 460 B0 675 163
Quartz 3 1 . | o B B D B D D
Feldspar - T 3 Ouaru TR T | |
Clay mineraly LI ] Clay minarals s W 2 20 1B 2 W
Glauconit b E l Zualites = Wwo s W 1% 15 1§
Zaciives 2 3 2| . Cwboneeumspec, 30 26 30 2% 20 20 20
Volcanic glass 12 3 " Forminifers 40 45 3B 45 50 48 45
= [ Mannafossils - - - - T = e
CARBONATE BOMB:
1,48-48 (01) MAGNETICDATA: 1495 295 205 495
3 | Inclination 2.1 -28 509 ~231
Todaoo Declination 128.1 1200 1485 1886
GRAIN 5IZE: c6 paoood Intersity famues] 0150608 02106-06 0,180E-0B 0200£-08
155 [20, 31, 48] PoD D OO |
e e e MAGNETIC DATA: 585 695 739
Note: Cora 22, 160,0—196,0 m: No rcovary. BETTSICTT . Inclination -106 —147 "
3 JEuuon Declination Y 2334 3z
;{_.':":ﬂmaﬂ?:ﬁ M Inaaity {wmuice) 0.140E-06 0.310E-08 0B10E-D6
511 HOLE CORE_ 23 CORED INTERVAL 1955-2045m T oz i
BICETRATIGRAPHIC ZONE 3 Aeoouc GRAIN $IZE:
FOSEIL CHARACTER 3 mel=T=I=1=T= 211 (13, 21, 86}
g E o oann | 411 (17,23, 80)
mrI=E=-K=I-X= v J
-MFIEFE 28| 2 | crarmic % @ BRI IICEK 61118, 23, 801
13358 4 H 3|5| E | utHoloay X + LITHOLOGIC DESCRIPTION RPoRnns
£° |53 5 5| 2(8 fegl®| +:H = Il |.
it HHH: EiH s |k o JEEEns
ud 2 2 Jooooo
P ik B 5 ez a0g w
AM |cM 1 agacacaza G 0-23 cm: GLAUCONITIC PELAGIC CLAY; olive gray (Y 42), E £ RO RE
0,5: hoooDoo | M Tightly mottled: with pale yellow (2.5Y 7/4) sedimentary clasts, 0.5 z ::nuanﬂﬂnnnl: og
1) CM | RP _’chnnnnnuncan . 1.0 em, nigh in clay contsnt. in shirp but disturbed contact with :| 1o ooo. l e
H 1 ] 23-53 em: CALCAHEOUS OOZE: gray (5 6/1), lightly mottled, 5 aaaac
; e containing 5-8% glasconite; some gray (5Y 5/1) lentes contain less & peT=T=l=T=F=
1.0 gliuconite. Interval in sharp contsct with g o (FIGEVITE l
1 53-61 cm: CALCAREOUS QOZE: light biownish gray (25Y 8/2) a3 HER O :
7 containing <1% glauconite. £ 5 B it
El o -4 “ooooo
£ - 3 paoooo M
; E ] SMEAR SLIDE SUMMARY ee oo
'g ] 112 138 156 iseaae -
3 =] o o B © o oo |
2 S % 2 7 Quartz 8 TR TR P TaT=T=1
L . e
E 2 =] Faldupar = TR - -%nnal:lnobn:
] — Clay minarahy L 6 20 -233?09“?3:
1 = Glaconite nooa TR ] SETTISTE Y.
1 Zwolin & m = & heoooad | -
- Carbonate unipec. - o a5 E :qannnﬂﬂaué |
. VOID Foraminifers - 2 B caoool M
& n Sponge spicules - TR e T
2 ] Voleanic glass - - T Posoar ]
B -1 Poroad
E 5| CARBONATE BOMB: ps ; _jznunuaci < l i
é : b - -:nﬂuclal:'nﬂ: L
3 MAGNETIC DATA: 143 AM M €| Tooooc
9 Inclination 33
it 3 Declinstion 1
5 Intansity lemufec] 0.36E-05
% E GRAIN $1ZE:
a ko 14 (18, 24, 80)
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SITE 511 HOLE CORE 26 CORED INTERVAL  209.0-214.0 m SITE 511 HOLE CORE 28 CORED INTERVAL 214.0-2190m
BIOSTRATIGRAPHIC ZONE |_ BIDSTRATIGRAPRIC ZONE
AND | AND
§ FOSSIL CHARACTER ® FOSSIL CHARACTER
AIEEE EE R EIEEE HE
Er ol | =] 5] 3 2 GRAPHIC & = -] GHAPHIC
[ 5; ENIE 35| 5 | umiowoay | 2 LITHOLOGIC DESCRIPTION 5|2t H % 5| £ | umooey |, LITHOLOGIE DESCRIFTION
el HHHER +EE 43 [EF HHEHE +EE
F g - § E E |3 HFH
EHEHHHS T EH s HHEE g
'] =
ZEOLITIC CLAY: brown (75YR §/2); Intansely mottled with blus 1 Core-Catchor: 2EOLITIC CLAY, gray (25Y 8/0] and grayish brown
gray and croam colored clay; very intersaly mottied betwesn 58-80 0.5 [10YR 572,
N o eam; wll indurated 2
A 14B—160 em: small [ 1 em] black batait{?] ciasts. L SMEAR BLIDE w"""“c"::‘
At 80150 crn: reddish beown (5 R 4/3), less mottled, 1.0 o
Core-Catcher: comaine brown (10¥YR 6/3) intentely mortled rsalitic -1 Quartz 1
L] cloy enclosing clasts of bassltl?) end o chert pebble. . Clay minerals 53
Zeolites 0
Carbonate urapec. 15
SMEAR SLIDE Eumﬁl}’\; - % Micronodules 1
[ I -
- Quartz 1 TR
i 2 Ciay minerals 3 6 2
= Zolitns EC I 5
H Cwbanate urspec. 30 — 2 | 3 =
Voleanic glass i = 2 3
3 Micronadules - 2 5 =
2137 L
= CARBONATE BOMB: €
g ) 1.138-130 (0) £ q voo
g MAGNETIC DATA: 1120 g —
¥ il Inclination 831 sl 3
H 4 Daclination 2852 z .
= =1 Intensity fomu/ce) 0.110E=-04 -
] vow e H =
3 3 GRAIN §12E: .
3 2z 18 (0, 20, 80} -
al 4] 3
o =] -
PM el cq AP | AP . | "

11§ 31IS



SITE 611 HOLE CORE 27  CORED INTERVAL 219.0-2235m SITE__ 511 HOLE CORE 28 CORED INTERVAL 223.5-233.0m
MIDSTHATIGRAPHIC ZONE BIOSTHATIGRAPHIC ZONE
§ FOSSIL CHARACTER ¥ FOSSIL CHARACTER
BEE 2 B ERBEE 2 >
*‘I“g— §§ HE é E E w || GRASHIC : LITHOLOGIE DESCRIFTION HAEA g g g ,E_ o uﬁ%’lﬁggv = LITHOLOGIC DESCRIFTION
1 < a E |2 - 8 -
E§i§§§ggﬁl g £ g:%s !gsgasg! g_ ]
= = = ;g = ; = 5= = s
35 582 35[5 )33 S i HHEHBE HEH
T
1 .
Tl ZEOLITIC CLAY 1 ZEOLITIC CL. mastly highly h drilling diriur-
p! Section 1, 0—108 cm: oitve groy (8Y 5/2); homogenssus, masive, by - L " entire core
1 | i, Sactlon 1. 038 cm: dark gray (5Y 4/1),
Section 1, 117-160 em: olive (5Y B/3); mors idurated, mara fissils - 1 Section 1, 3640 and 75150 em: olive gray (Y 5/2) 10 sive I5Y
! than sbove, snd moderstely mottled. 5/3); finaty laminated [2—% mm), laminss inclined 5°.
Section 2, 0—41 e very soupy mixture of COARSE SAND 1o granuls Section 2, 0-38 crn: clive gray; prominent D5 om green laminge a1
. sized, moderstely wall sortad lithic sand of varied lithologies — quartz, 22 om.
Mn nodules, granitoids, chart, volcanics, mytamorphics. Most likely . i =
" Section 2, 36— 143 cm: dwk gray (5 4/1); lsminated.
cavings. Abundant reclites and eluy occur s fines,
3 Section 2, 41-82 cm: highly disturbed minture of sands s sbave and Section 2, 143 em~—Saction 3, 2 em: olive gray.
malitie clay, Section 3, 2117 em: dark gray (BY 4/1),
i 3 Section 3, 117131 cm: clive gray (5Y 5711
y 2 SHEARSLIDE: 160 1931 2 Section 3, 131 cm-Sectian 5, 30 cm: gray (5 §/1), less motiled than
5|3 b o overlying sections; prominent lens 5Y 7/2 in Sectian 4, 127-140 cm.
B Quartz 1o E " Section 5, 30-50 cm: gray (5Y 5/1]; highly burrowed.
E Mios oy .; L Section 5, 50 em—Saction 6, 70 cm: aliv gray.
E o v o lag 3 Section 6, 70100 em: gray (5¥ 5/1); 100133 cm vlive gray (5Y
] Carborate umspec.  — 5 ‘ /2); 133 cm-Section 7, B1 cm: dark ofive gray (BY 4/2) becoening
7l Veleanie glats - TR F wery dark gray (BY 2/1) downward,
. Pyvitel?) - 3 3 ” Section T, B1—64 cm and Core-Catcher: alive gray.
il 7 CARBONATE BOME: 3
— 1, 42-43 0] SMEAR SLIDE SUMMARY
— voIp 121 1740 2100 378 475 580 675 730
o MAGNETIC DATA: 161 (] (] 1] D (1] [+] 1] o
- Inclingtion 617 E Qusrte 1 1 ™oz 1 1 1
= Daclination 16858 Clay mineraki 69 8 ©6 68 @@ 63 53 52
N Intemsity (emulec) 0,180E-06 Zeolites % 0 M B N B® W B
=1 Carbonate urspec. TR = - TR - TR 1 2
. i Fosaminifers 2 - - - - - 2 2
= IG-T:;T:‘::%O] ez % 3 =g 9%
E 252 (22, 11, 67) M [ — 3 - 2 2z TR 1 3 3
A - e A . Volcanie glass S T R | BT
= CARBONATE BOMB:
. 2, 112-113 (0
- B . 4,112-113(0)
MAGNETIC DATA: 273 ERE] 473 573
Inclination 5.4 -81.8 -828 480
Declination 546 1203 1823 IUE
- Imtensity {emu/ec) 0.144E—05 0720E-06 O441E-06 0.273E-06
$
& [ | g MAGNETIC DATA: 673 738
Inclination -714 5.9
Declination 60 218
; Inemsity famu/ce) 0870E-06 0530E-06
GRAIN SIZE:
1-140 (0,9, 81)
g 3510,9,91)
g W 5510, 11,89)
I
M
7 -
AP FM CC

11§ 9LIS
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SITE 511 HOLE CORE__ 28 CORED INTERVAL 233.0-2425m SITE 611 HOLE CORE 30 CORED INTERVAL 242.5-252.0m
IOSTRATIGRAPIC ZONE RIOSTRATIORAPHIC ZONE
E FOSSIL CHARACTER § POSEIL CHARACTER
] B w|lZ| 2 g g2 ELES
e lo g2l=2 e GRAPHIC o Ex o wl & 2 GRAPHIC
15 !‘E il : ; § E| & | umotaey b g, LITHOLDGIC DESCRIPTION it §§ £ g 5 i E :'g: umiowoay |, 4 LITHOLOGIC DESCRIPTION
w3 |E2 & e 3 8 S 53| o ! & £
= =l
o HEHHE LEH Bt HBHE =
2o g FHEES Ed & g S€ = |a [Fs 5]
] -
= M
05 ] ZEOLITIC CLAYSTONE; dak geay (SY 4/1); intensely burrowed. ZEOLITIC CLAYSTONE: mostly dork gray [5Y .lH] with Fighter
il ConeL: . 0-8 cm: tight ol 5 8/2), chaotic mi- ith - colared l‘ﬂn_ﬂ s noted beiow, that generally contain lower percent.
1 . <015 em 2000t ﬂ"ﬂ':: w:ﬂ u:‘nmtﬂn ki 1 !ﬂ wges of roolites, Claystons generally Intersaly burrowed with burrow,
- : - 1-2 om In diameter, of light gray (5Y 7/1) to gresniih black (EGY
10 CoceCatcher, B-20 om: very dark gray (2.5 3/0) 1o dark gray (25Y 211, biguitous.
N only sightly » Section 1, 112=114 cm: light yellowish brown {2.5Y 8/8).
i = Section 2, 10=26 and 51-56 om: light gray (5Y 7/1): et 13 cm = 2
3 SMEAR SLIDE SUMMARY mmof 2 5¥ 674,
] 112 cC Saction 3, 36 cm: lens of light yellowsh brown [2.5Y B/4),
7 b o H i Saction 3, 4186 cm: light gray (5 7/1-5Y B/1)
=4 Onaetr 1 1 M Section 4, 1638, 5660 em, and 126-137 em: gray (BY 6/1); prom-
| Mica - TH 5 - inant burrows (25Y 6/4) at B2, 68, and 106 em.
2 . Clay minerali B0 47 2 " Section 5, 30-58 cm: gray [BY B/1); at B2-144 cm ~ |ight olive gray
= Zeclites | W 1 15Y 8/2) to gray (8Y 7/1),
& Chek drpie B R Saction 6, 0-9 em: olivo gray (5Y 572): groonish blsck uminas (5GY
E ] -
5 1 Nannofosils 1 15 20), 1=2 mm, a8 and H.A em.
-1 Violcanic glass 1 - Core-Catcher: dark gray, intensely mottled.
E‘ k = Micronadules 2 TR "1
S 1 ]
3' o CARBONATE BOMS: | SMEAR SLIDE SUMMARY
3 E =} voio oo i18) 160 1113 275 375 475 575 630
i B & DM D B B D D
£ E 3] .3 & 3 " Quartz 1 - 2 1 1 1 TR
Mica - < = = T -
— » Clay minerals 66 20 85 56 B4 57 55
] 5] Zeolites B W W B’ B W W
3 Carbonate urspec. - 87 - 1 - - -
- S Fi Foraminifers - & 1 8 2 8
. T Nannafossils 5 2 &6 & 6 6 B
o 8 M Volcanic glass 1 1 1 - = - =
E Mieronodules 3 - 2 1 = 5 1]
= i
« 3 = d H CARBONATE BOMS:
=1 1, 1415 (0}
= MAGNETIC DATA: 131 23 3
=) Inclingtion 230 ~488 -28.3
B i Declination 783 818 28
Fl I Intensity [amuee] 0.8B0E-06 0.270E-06 0.630£-08
7i_|mnEm = = e
MAGNETIC DATA: 431 53
L) Inelination 453 -30.3
i Daclination 013 ®24
5 " Intensity [emisee] 0.890E-06  0.730E-06
GRAIN S1ZE:
2.8 {0, 18, 85]
4.8 [0, 17, 83)
68 [0, B, 92
Al 6 W .
P | gplEM lcc 1

11§ a1IS
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CORE_ 31 CORED INTERVAL 252.0-2615m SITE 511 HOLE CORE 32 CORED 1-NTER\!_&_1. 261.5-271.0m
BICSTHATIGRAPHIC ZONE
AND
- L FOSSIL CHARACTER
g z 5l 2 : 8 [ETZz[z [=lz| ¢ "
Ex (o H = GRAPHIC 3 Er e S| = GRAPHIC =
= = LITHOLOGIC DESCRIPTION = = e LITHOLOGIC DESCRIPTION
|§§ g E | utholoay s = i 'Z é%u_ £ 25| E | utHoloey 25
i1 HHHEUE : HEEHHARAE i
5 E 3 E ; £ 3 I+ 5|z g =
g EEEE HEHEHE =
r ZEOLITIC CLAYSTONE; dark gray (25Y 4/0) with color changes 4 ZEOLITIC CLAYSTONE: a8 in Cors 31.
T o it e S onks g S Burraws in Soction | may be Planailtes and Chandriras types
i 5.
in Soction 6, 46-50 em; ? 2
i S, A b ey BN, R v ! Unusual shaged oo i Section em, ? Zoophyeus
M 2-5 cm thick, which may be one of threg calors — 1) greenish black Pabe yolipw zones may contain less zealite then dark gray zoned.
[BGY 2/11: 21 light gray (2.5¥ 7/0); and 3) pale yailow (25 7/4).
Tha gresnish black zones may contain very small glauconie grain.
Sadimantary clasts, pale yallow and brown (10YR 5/3 and 10YR 2/2) SMEAR SLIDE 5"“‘*‘:‘1\; i i El A9 (Eah
noted in Saction 6, 1617 and 150 cm (see smear sidn &-17). E
p o O D D D D
Quartz 3 5 T TR - %
SMEAR SLIDE SUMMARY Haavy minerals S = T R S
JRRBG HHRIED. e Cly rilerals 82 79 8 8 80 78 77
iy - Lo Lo Zeolites w 1| 0 m 17 @ 2
Quanz ™ TR TR - - TR 2 N i -
Hewwy minerals me = B M Sgm Nannafossils w2 2z 1 1 1
Clay mineeals g @ o 3w D Volcanic glass o TR o1 1 1
Glauconite TR = - . = =
Zeolies s B 1B W0 2 10 3 GARBONATE HOMB:
Faesminiters 1 1 2 3 TR TR E i
M Nannotasls 1 1 1 2 TR TR
Dingine = = o2 M= MAGNETIC DATA: 159 381 589
Voiesnln i L Inctinstion —80.3 841 _a5.4
Declination 266.7 3480 2432
i CARROMATE BOMAC Intenity (emufee) D970E-08 0.191E-06 0 4B0E-08
i 1, 136-139 (4) 3
"
5 g ha=iniy 3 GRAIN SIZE:
5 ¢ MAGNETIC DATA: 190 2100 595 £ g 132 0, 14, 88)
2 < ; 8 332 (0, 8,911
Incination -74,1 —85 7124 Z 2 fasa
5 g Declinatian %65 166.5 1332 B E 32 10,17,
E Intansity jomulec) 0.167E-D5 O0.262E-05 0.193E-06 5 §
£ i 123 11, 12, 88) =
32310,8,92) 4
52310,7,92)
. %
-
; #
5
M M
0G|
.
o
W i
A
P 1R FM cC
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SITE 6511 HOLE CORE 33 CORED INTERVAL  271.0-2805m SITE 511 HOLE CORE 34 CORED INTERVAL  280.5-290.0 m
lmm‘?‘ﬂkallllc ZONE Iwnvn!:mu: ZOME
s FOSSIL CHARACTER o FOSSIL CHARACTER
g1 @212 MEIE R B alz| 2 o
drHHREH Bz oLosicoesonion HHEHHAE R Lotosicoesonion
S |B2 S [PE |uE o w -
£ igxg!'ig! £ ¥ ziguagadaa §Eu
;aos;i-gs SR Bk HE ==§
HEHEIEIERED & 28 B8] 2 8 |5 I 5fs 5
ZEOLITIC CLAYSTONE: a3 in pravious cores.
Barite(?) nodules in Section 4, 3-11 em. ZEOLITIC CLAYSTONE: a2 in previous cores.
Teichichnus{?] burrow in Sectian §, 20-30 cm, n Intense burtowing possibly Chonarites and Planalites types.
X - Barite(?) noduies, Section 3, 6889 em and Section 6, 118—122 om,
SMEAR SLIDE SUMMARY wnd Section 7, 1516 o,
182 4103 594 686
o b D D
Oty minersh i3 7776 SMEAR SLIDE SUMMARY
Zealites o s 2 7 145 253 490 684
Carbonate unipec. - B - -] D b o o
Foraminiters 2 3 TR 1 ' 1 1TR
Nannofassls s+ 7 TR 9 m Cuartz -
Veleanic glass 1 1 1 1 Heavy minaraly - TR = -
Clay minersls B o 72
MAGNETIC DATA: 133 589 i 2 Zeolites ’ 7%
Inclination -186 -78.9 —40.4 . Cwrbonats umipes, = 12 = 6
Declination 3435 306.0 1262 Eoruminiis w11 -
Intensity (emufee) 0200E-D8 0.203E-06 0.136E-06 Nannofosil 1 B 1 5
Voleanic glass 1 1 1 1
§ GRAIN SIZE:
E 3.32 (0. 19,81 CARBONATE BOMB:
532 0.6, 94) 1.1-3 (3
i it MAGNETIC DATA; 517
£ Inclinatson ~65.8
i L Declination 1212
% Intansity lemulee) 06008 08
£
g £ E GRAIN SIZE:
5 E 126 10, 13, B7}
| B g 3260, 12, 88}
g 3 52610,9,91)
E B 7.26 (0, 12, B8}
£ W
4 s
g .
i I
: i
—
|OG!
i
&
.
B
P |RM| M
o femlom | I ]
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511 HOLE CORE 36 CORED INTERVAL 280.0-2995m SITE 511 HOLE CORE 36 CORED INTERVAL 299.5-309.0m
Nwﬂ!‘u‘i"ﬂ;’“lc ZONE HIOSTRATIGRAPHIC ZONT
§ FOSSIL CHARACTER w FOSSIL CHARACTER
H gl e > MERE E|l e >
i |ef 2| & [ Sramc, i LITHOLOGIC DESCRIFTION §,§ EAEFE E Bl & | LoLooy LITHOLOGIC DRSCAIFTION
W5 gl ¥ : il o3 (B2 ozl £ g e e 2
-l 1 = 2715 ; g gEl @ =
£l L 2t HHHE L
[+ E o w a2 HEE GE k5 5|
it ZEQLITIC CLAYSTONE; as in previous cores.
as3 . ZEOLITIC CLAYSTONE: a4 in pravious cores. . Section 4, 018 an 145 146 cm: horizontal banding.
] Beallon L AM=AF-orii pla-sodild, " Saction 5, 114117 cm: foarite nadule.
! :] X I L Nota: Section 7 is 40 om long.
1 SMEAR SLIDE SUMMARY
2 '3 :n 150 I
o
g ] SMEAR SLIDE SUMMARY
£ 5 il il [ 189 387 582
} E Cloy minerals 72 I 5 b o
7 Zeolitey 2%
] i Quartz TR I
ks Foraminifers 1
3 . Clay minerals 77 @ 66
i Nannotassils 1 I s v o=
3 s 3 o\ i Cuboratsunspee. - - 12
Faramii 11 2
: e TN i l e iV 3
inatian ic gl 1 1 i
£ 7 Destination 246.1 | Voleanc glass
é E ;E 4 ncnsity lamafec)  0LBDDE-07 | CARBONATE BOME:
a3 7
2, 63-68 (30}
3 2 u
= GRAIN SIZE:
4 & 3 128 (0, 14, 87) | MAGNETIC DATA: 467 &102
= 5 ] Incilnation -618 ~488
£ 7 E 8§ ] € Declination 1248 2947
£ 3| E g Intanaity femulcc) 0,3206-06 0210508
1 -
= - i 1
4 vown £ GRAIN SIZE:
] € H ] 118 [0, 19, 81}
3] g 318 [0, 18, 82)
1 | 518 10, 15, 861
3 = 7.18 (D, 18, B2}
- Q ]
e )
4 a |
RP | P cC| - | | IE
2] | [
| =
|
I M
¥ ¥l L
FM | p PG |
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SITE 511 HOLE CORE__ 37 CORED INTERVAL 309.0-3185m SITE 611 HOLE CORE 38 CORED INTERVAL 3185-328.0m
BIOETRATIGRATHIC ZONE DIOSTRATIGRAPHIC ZONE
§ FOSSIL CHARACTER g FOGBIL CHARACTE
2 g alZ| @ e ] ] z
T = gl = GRAPHIC i sl = glg =
I iz % E| E | umowoey |38 LITHOLOGIC DESCRIPTION selst | g § .E‘ = Piiro sy LI LITHOLOGIC DESCRIPTION
5 HHEEE BEEol e w3 (B2 e 5 3 g g
3 88 5 2 £ 3 S|z -4 E
= AL e H s k] =
2|58 FigH it HEHH: 3
HEH D 3 2 & |a2 3
ZEOLITIC CLAYSTONE: a8 in previout coms.
Horkeontal steatification evident despite intetee Burrowing. ZEOLITIC CL# ;a8 In pravious : v gray (25
1 1 A1) with gradations into rones of light gray (2.5 7/2) light ofive gray
SMEAR SLIDE SUMMARY [5Y 6/2) and greenish black {8GY 201). Abundant burrows; especially
160 261 FZoophycos; masthy “sobid burrows’*.
D D i Saction 1, 106=112 cm: non-zeolitic very hard, lkght gray siltstone,
. Curty B x Saction 5, 12 em: praminent “ring" burrows.
Barits - 1
! Ciany minerals 0 7
Zeoiite 20 10 SMEAR SLIDE SUMMARY
Foraminifers 2 1 160 1108 276 375 478 &8 67
Hannetonity § B o M p Do D D
2 Volcanic glass - 1 2 Ouartz - 2 1 | TR | 1
Micranadules 3 2 Feldspar R R
g E = £ Unknown minersl ~ — 89 - SR S
= ] CARBONATE BOME: 3 Ciay minerahs 68 & 6 80 8 7 71
3 g ] 1,50-51 (5} Zeolites W 5 20 W W 20 15
3 |3 = Foraminifers 1 1 o F R 1
3 g u MAGNETIC DATA: 159 Nannotassils - 6 & & -~ 10
& > Inclinatian -829 Diatams - - = = - - TR
2 . Declination W75 Volcanic glass 1 - TR - - - 1
£ — trtansity amu/ce| 0.149E-05 5 Micronodulas 3 TR 6 3 2 1 1
* 3 7 GRAIN SIZE: g 3 CARBONATE BOMB:
=] 230,22, 78] P 3,84-65 (2)
4 1 g MAGNETIC DATA: 283 s08
3 2 Inetinatian -7 —60.1
VoID E Decl 1ma7 1730
1 § Intansity (smiscel 0.201E-05 0.412E-06
= GRAIN §IZE:
s 4 242 (0,7.83)
1 L 1 4.2 (0, 12,85}
. *® 6432 (0, 13, 87)
R E .
PM (RP|PM B
5
13
AP (ke cc
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SITE 611 HOLE CORE 39  CORED INTERVAL 328.0-337.5m SITE 511 HOLE CORE 40  CORED INTERVAL 337.5-347.0m
BIOSTRATIGRAPHIC ZONE BIOSTRATIGRAPHIC ZONE
E FOSSIL CHARACTER w FOSSIL CHARACTER
F - s E = - g W m z
Ep | Y 1 GRAPHIC H HES
H §; ] g 55 g | umHoLocy : H LITHOLOGIC DESCRIPTION 'f'?: !%' § gﬁ & L:‘aﬁ_‘gg* b LITHOLOGIC DESCRIPTION
g7 15 El “l= § E 5 HE -
1 HHHE : - HHE 4k
2 5 |5z 3 S HHEHE 3 !
ZEOLITIC CLAYSTONE: & in previous cores. % ZEOLITIC CLAYSTONES; s in previous cores.
Sectlon 1: fine horizontal laminatiors through mest of section. Bur- Burrows mainly “wlid” and *“FChondrites™ types; some “ring” bur-
rows up o 2 om in dismeter, ohen filled with Tinely diseminsted o,
| pyrite which alsa cccurs disseminated and os small erystals elsewhers 1
Withe corm, SMEAR SLIDE SUMMARY
Section 4: burrows large (up to 3.5 om dismetor] midltiooloned, e 1-40 1110 275 358 383 4103 580
E M D b D M D DO O
E SMEAR SLIDE SUMMARY Ousrtz - 1 TR TR TR TR 2
i 170 275 386 435 Feldspar r o = B TR
o o o o Unidentified mineral 15 - - - - - —
Quarts - (I - H Barite = TR - - - -
Feldspar - - = < 77 OB 74 84 12 18 W
Clay mirarals 69 79 90 76 L 0 2 2 10 1515
2 Zeolites 5 10 5 10 2 T W - =22
Foraminifers 1 (| 1 Foruminifers 2z 1 2 TR TR TR
5 Nannofassils v s 3 10 Nannofosils 3w 2 3 2 2 T
B 5 Voltaric g - 1T TR - Micronodules 3 2 3 1 & B 1
gll g Micranodules 2 3 1 3 1 Mica R CET VR T
© 52| |3 CARBONATE BOMB: E CARBONATE BOMB:
£ g 3, 84-85 (48} s 2,31-32 28)
i MAGNETIC DATA: 194 306 % . MAGNETIC DATA: 1118 2127 573
£ 1 Inclination -85 —35 3 Inclination 662 820 ~785
5 Declination 7254 1975 5 3 P Declination 2404 1883 266.2
2 = Intensivy femulee) 0545E-05  D5B0E-06 g |2 ’g‘ Intarsity (emutee) DEIBE-05 0ISHE-D5 0.I4IE-04
; ]
E £ |2 L GRAIN S1ZE:
GRAIN SIZE: ] e
2.31{0,11,89) 2 120.29.77)
4.3110,13,87) = ; £120,8,92)
4 - a
L E voID Z
F B 3 log
M [0 PM oo " —
5 M
-
L TiY]

11¢ 41LIS



SITE 511 HOLE CORE 41 CORED INTERVAL  347.0-3565m SITE 511 HOLE CORE 42 CORED INTERVAL 35853660 m
SIWIT.I'I:::I'HICZOIIE MOSTRATIGRAPHIC ZONE
§ FOSSIL CHARACTE! § FOBSIL CHARACTER
2 g | . AEE zlz .
tE SE El & e | 43 LITHOLOGIC DESCRIPTION e EE i § E g B | e LITHOLOGIC DESCRIPTION
i g F e ws g EHEHHEHE £ =N
- " EEH i HHHE £ HH
e F = =
3 gedd E S HHEIEE FEE
| R Section 1, 0 em-Sactian 2, 88 cm: CLAYSTONE; altarmating intervals
ZEOLITIC CLAYSTONE AND CLAYSTONE af reddish brovwen (2.5Y 4/4) and greenith geay (5G 6/1), claysione ges-
[ Zeolitie clayiona mi i previous cores in Sectlon 1, 0 em—Seetion 2, arally with gradational contacts, moderataly burrowed, Abundant py-
18 em and from Section 3, 106146 cm, rite in burrows srd along fractures. Largs barite(?) orytal Section 1,
' Mainly dark gray, with light gray, gray , and pale olive zones, Numaraus i 5065 om,
burrows of “saiid", ites wnd types. Prominent 1o Section 2, 88 cm-Section 5, 80 em: ZEOLITIC CLAYSTONE. Much
i “ring” burmow Sectian 2, 6,5 cm, f H a1 1 pravious cores but with addsd colors, intermixed with alm aray
l W Sectlan 2, 16-104 cm: CLAYSTONE, reddish hrown (25YR 4/4), E ::ﬂf;:‘!.aina:‘(mﬁwy‘mﬁ Iﬂ:‘;‘lr.ﬁp::mwﬂwnlml:l ::Ll:x
aameietailghe) aeith el < 0.8 ) gemen oo 2 i €< ovR m; fnoceramas fragmant {2 cm) l; Saction 2, 143 cm. Hard,
| busiow at 26 em. Sharp contact with Section 2, 104146 om — light oy n;mnnu Lyt I 3, 13- 143 em,
aray (5Y 7/1] to white (S 8/1), slightly mottled, Claystons, in sharp o, ectioh
e 3 " M contect whth Section 2, 145 em—Section 3, 70 em, reddish brown Core moderately burrowed, locally with prominent ?Zeoohycas.
£ [25YR 4/3) claystone &5 above but with | mm gresn laminas at Sec- Iroeeramus and Chondrites in Core-Catcher.
(MG E 2 i 2
j tian 3. % cm, and inocersmus fragments. 3 M
1 ) | Section 3, 70108 cm: tramsition from reddish brown claystonss to X SMEAR SLIDE SUMMARY
2 dark gray solitic claystone |Section 3, 108-146 am). Abundant and i o 185 2906 375 476 546
H :
g ¥ often targe inaceramus fragments below Section 3, 70 cm, Abundant b b ©D D O
g 3 pyrite Section 3, 143-184 em. Chiartz a 1 1 TR 1
4 g W Feldspar - 1 - TR -
g Heavy minerah - = = it ™
2 g & | i SMEAR SLIDE SUMMARY 5 g e ity o oAy e
8 |z . 199,200 #3300 31m H 5 Zeolites w1 15 s 7
3 i | B L B M £ |t M Foraminifers TR 2 - TR 2
b=t } 3 Quarez I m 1 m & @ g 3 » Nannofossils 5 85 W 5 7
k] tH Fuldspar = TN o = o H Micronodules TR T DR - |
E i | Mica TR - - - - £ E
g8 . Borite - - - = TR CARBONATE BOMB:
é 1 Clay minarats 77 8 & 79 8 § 4,87-88 (6)
2 : Zenlites w 6 &5 5 10
= Catorateumipec, = = = = A MAGNETIC DATA: 1.8 278 370
3 Foraminiters L A S Inctimmtion 585 615 -59.3
7 Mannafossils & 5 B 10 5 Declination 123 1305 96.3
£ Mierorodules 1 TR - LI Intansivy temiuce) 0.258E-04 O0.3ME-D6 0274804
: Volcarle glase = § = = i :
4 voio 4 .
CARBOMATE BOMB: GRAIN SIZE:
L 1,123-125 (11.5) 362 (0, 17, 880
< 2, 115116 (65}
r.- 3 3, 36-38 [0.5)
RM{RM RS L MAGNETIC DATA: 126 285 360
Inelination -na2 -618 —B31
Declination 8.1 2208 1372 .
Intansity (amu/eel DE74E—04 OBME-D4 O0559E-04 5
GRAIN SIZE:
344 (2,15, 83)

L9
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SITE 511 HOLE CORE 43 CORED INTERVAL 366.0-37656m SITE 511 HOLE CORE 44  CORED INTERVAL  3755-385.0m
IIDI‘IAH:"MDG ZONE r BIOSTRATIGRAPHIC ZONE
§ FOSSIL CHARACTER § FOSSIL CHARACTER
HEE g| & g 2 uZ]| 2 >
2 ol & u -1 ™
] AL HEE A umioLogicoxscreTion Selof 32 | EfE|E | oname | LrmioLoci oesenrPTION
g R 8 M L EHEITE FHER
£ (% g 5 H L g e = ]
:O[EEEH:(E(2 Sg B2 g N 2|E|E =
eHEHEH EIHEH 3 kL HHEES TEH
n ZEOLITIC CLAYSTONE i
Mainly gray and dark gray with greanish black zones and pale yellow ™M ZEOLITIC CLAYSTONE; ws in Core 43, predominately gray with
lermat s in upper cores. Modersts bsrrowing. Laminations presant in greenish black 2ones. Burrowing moderate.
1 . Sections 1 and 4, Pyrite nodules and enert? nodules in Sections 2 ard . L
2 1 fir ] fC‘lwtm;\‘llll:lt:nﬂwm:l',2‘ Jcm, e
& Section 3, 141160 om: Tsalitic caystone i calcareous and grasnish AT T RCe
i iack, Chondrites? type burmows present.
| ] f SMEAR SLIDE SUMMARY
P, 449 548
" SMEAR SLIDE SUMMARY :,“ :.“ :“ o il o
175 275 375 460 530 ok §i = 1 1 1
Dl Dl nl Dr nl 2 Clwy minerals 82 - B2 82 T4
i3 ez Zoolites 16 - 16 L
2 Clay minarals 9 1 B 4 12 oo pi
2 Zuolites B O®E 5 W 2 i i R < I~
. Foraminiters TR - TR TR TR
4 Carbonate uripec. 5 - - - = Nannefassils L 1 2 3
3 Faraminifers 1 TR TR 1 1 - Volcanic glass = 1 - -
;. | Nannatossily 5 §5 2 3 3 _§ & H
I Volcanic gla O B E £ é CARBONATE BOMB:
- :
b3 ! 4
£l CARBONATE BOMB: 'z " 3,62-83 (%)
‘§ 1.25-21 10.4) -§ 1 W MAGNETIC DATA: 139 315
X Inclination -66.1 —62.0
3 GRAIN SIZE: ,§ Duchiration 507 3425
% 3 . 111 (D, 19, 81} P M Intensity femules) 0B11E-06 0.24BE-06
311 (0, 15, B} »
GRAIN SIZE:
216 (0, 22,78)
n 416 (0. 15, 85)
.
4
I -
* 06
5 L f
™ | A Em i &
RF |RP{PM
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SITE 511 HOLE CORE 45  CORED INTEAVAL  385.0-384.5m SITE 511 HOLE CORE 46 CORED INTERVAL  384.5-404.0m
IGSTRATIGRAPHIC ZONE 'm“ﬁ"";mc TONE
* FOSEIL CHARACTER pr) FOSSIL CHARACTER
N MERBREEE g [z 2| »
Er | ol 2 wo| = GRAPHIC = o T ol GRAPHIC
E E; 2 : 55| B | umiotoay s K g LITHOLOGIC DESCRIPTION ) §§ i £l & | Umooey " LITHOLOGIC DESCRIFTION
£71530E 212 (8 |agl| 2 S £ |55 E | ¥ T3
G HHEE $EH F |3EEs ++H
1 HEEED =1 2@ 3t I
i ZEOLITIC CLAYSTONE; a8 in Gores 43 and 44, dask gray (5 4/1) = []n
ard dark gresnish gray (5G 4/1) with pale yellaw laminse and white M CLAYSTONE AND ZEOLITIC CLAYSTONE; gy {25Y S/0) to
. laminae [0 Section 2, 96-127 om, Wall wserved Chondrites and 05+ | - dark gray (257 4/0) with inteveals 1030 cm of greenish geay (BGY
1 *Zoophycos in Section 2, 1 B/1) and grasnish black. Chert nodules 0.5—3 cm camman. fnoceramus
M Burrowing moderate 1o light sxcapr Saction 2, 131-141 cm which = fragments present in Sections 1 and 3. Burrowing modarate to dight;
i! is el brrowid. 1.0 ] : ?Zoaphyeos prasent in Section 3,
Section 3, 54105 am: darke reddish brown (25YR 34] lightly bue- E 3 i
vowet], with dark gray Ienses snd greenish black stringers, and eherti?), 1 ] SMEAR SLIDE SUMMARY
. s 154 251 381 430
Core-Catcher: dark reddish brown, regligible burtowing. 'g - b b b o
SMEAR SLIDE SUMMARY s 2 [ g-n:_ - u: u; ;;l B‘l‘:
o 1 341 3 -4 Y
. {‘Iﬂ :’m ;“ o D = . Zeolites w8 12 18
2 ! Ouarts 1 1 1 3 3 2 ' i Foraminifers 1 1 TR TR
g !'I Clay minarsly i 77 w82 a2 2 NII\MIIMI 2 3 TR TR
g Glauconite 1 R £ i ] | Valcanic glass 1 T = 1
i Zoolites 20 20 0 B 15 H B ||
2 Faraminitors TR TR TR TR - E 7] CARBONATE BOMB:
i T Nannofoslls 2 0 2 TR - 7 B | 0G 3,81-83 (0]
% i Valcwio el moh o2l 51°% . ] MAGNETIC DATA: 134 384
£ . CARBONATE BOMB: 7 I Inctinatian 782 442
2 2,01-832) § Deciination 280.6 U286
. =1 I Intmnity (smw/cch D4J0E-06 0.BS3E-05
¥ | MAGNETIC DATA: 389 3 s
3 = Inokingtion i r | M GRAIN SIZE:
— Dectination 3108 130 10, 18, 82)
Fx Urmnensity {ema/cel 0.1326-03 I 3300, 30, 70)
E ] GRAIN $1ZE:
N 1:30 {0, 17, 83) k. l
. voin 330 (0, 19, 81} I .
4 . a E
H 4 wvoi
L s 2 ! ae Jarle] fed L
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SITE 511 HOLE CORE 47  CORED INTERVAL  404.0-4135m SITE 611 HOLE CORE 48 CORED INTERVAL  413.5-423.0m

BIOSTRATIGRAPHIC ZONE

Turonian

- = FOSSIL CHARACTER
g H FREE PHE: -
;g g || Reamc. LITHOLOGIC DESCRIPTION 5s gg H § 5 £ H R Riideodss LITHOLOGIC DESCRIPTION
: “ z|85L.8 8¢ 35| & "
§§ H E i Bt =2 g 3 § S§ 8| = 3 C
E  od = 5 =3
i# B H S HEHEE T EE
ZEQLITIC CLAYSTONE AND CLAYSTONE: at in preceding Gore 46. §
Soction 1, 0-20 cm: dark reddish brown (25YR 3/4), g
Zeolitic claystanes through Sections 16 predaminately gray and dark = . CLAYSTONE

grey with zones of greenish gray [5G 4/1) end intervals 15 om whare
greenith black, white (2.5Y B/0) and yellowish laminae appear.

Busrowing varied from light to heavy as shown; 3Ohonabites burrows

Dark reddish brown [SYR 203 with sperse light bive (58 7/8) and pale
Wue green (SBG 7/2) mottling. Aare red (1OR G/8) lenses, Section 2,
113-114 em, and yellow (25Y 7/B} motiing in Section 4, 41-48,
6876, and B7—102 cm. Pyrita present ar thin lamina (n Section 1,

Pt M 104105 cm. and as graims (< 1em) in Section 4 where it sppears 1o
Chert nodules rare to absent; rare chert clasts in Section 3, 815 and be related 10 yellow mattling, Burrawing i fight to moderars a5 shown,
B1-BI em,

In Section 2, tha intarvals B9-90 and 93100 cm are rich in inceens.
mur debri. Section 4, 103-150 om and Core-Cateher are gray (287
5/0) with dark gray mottiing in the Core-Catcher.

Anocersmus prasent in Sections 4, 5, and &

Section B: greenlih gray (SGY &) claystone mixed with grayish
brown {25Y 5/2) at 122 em. Lightly burrowed. Greenish black laminss
ot 25-26 om, From 122-128 om snd Core-Catcher: claystone is 2

SMEAR SLIDE SUMMARY
dark reddish beown (5YR 373) with light blue (5B 7/6) mottling, 163

2896 372 4109
]

oD M D
Cuaartz 1. = 1 1
SMEAR SLIDE SUMMARY Mica wm - = -
114 149 380 B61 CC Clay minerals 78 20 %8 B
b b ©p D B Zeolites B - - n
E: Ouar TR 1 I L 5 Carbonate urpee. = =3 &t =
;- Clay minerals 2 B0 B8 8O 5 [Foraminiters 1 - - TR
Zoolite B B 17 - ] E Mannotossils 4 - - ™
Cobometevnpss = - 5 4 g Volcanie glass 1 TR TR
Foraminifers TR 1 2 1 © 3 . Inocersmut fragmants — B0~ =
Mannofossils TR 1 1 i &
Voleanic glass TR TR TR TR TR CARBONATE BOMB:
2,97-99 (44)
CARBONATE BOME: 4, 48-50 (0}
2,84-88 (0)
8, 7274 51 MAGNETIC DATA: 1132 a3
M Inclination ~69.2 -57.2
MAGNETIC DATA: 179 52 Deefination 299.2 2734
Inclination -702 -56.0 Intensity emuech 0.I41E-03 0185604
Declinstion 1 276.9
- Intensity (emufee 0221E-05  0.154E-04 4
— .
7 GRAIN SIZE:
. 122 (0,21, 79)
e = 322 (0,22, 78)
= 522 (0, 28, 75

AP | RP| cC
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SITE 511 HOLE CORE 49  CORED INTERVAL  423.0-4325m SITE 611 HOLE CORE_ 50 CORED INTERVAL _ 4326-4420m
BIGETRATIGHAPHIC ZONL BOTAATIGRATIE ZONE
¥x PONMA CHARACTER FOSSIL CHARAETER
g, |8 EE: g I® z| 2
Ze o Q1S GRAPHIC = ui gl =
(2 (2% g E| B | utHooay H ETHOLOGIE DESIETION TE |5t E Elm | (e, e LITHOLOGIC DESCRIPTION
47 |t3 g3 | % e ;=§§ g E 2 gm
F|% 2 = |z § =
= =
3 £l T EH # 2 ik
2 | i
] It CLAYSTONE AND CALCAREOUS CLAYSTONE: predominately |
0.5 dark reddish brown (8YR 3/3) with intervals of recdish brown (5YH 0.5 .
) | 4/3 — Section 1, B-22 em), and brown (T5YR §2 — Secrion 1, | M CALCAREOUS CLAYSTOME AND MUDDY CALCAREOUS CHALK
* 22-96 cm and Section 2, 0-86 cm), almost il af which has & light 1 Section 1, 0—84 om: reddish brown (25YR 4/4]; top & cm deck red-
10 | M biue (58 7/6] mariing. The CALCAREOUS DOZE in Section 5, == | dith beown [25YR T44); lght graey bunows (5Y /1) at 611 em.
51150 cm is highly variegated i color, in intervals fram 117 cm : 10— == Interval highly fossiliterom — small 5«1 cmi pelecypods and solitary
] thick. Colors rangs through tones of brown, gray, pinkish gray, pals = A . corals. Same brownish red zones gadng into yellow brown (10YR
| red purple, gray blue green, and p_m blua green. Burrowing is slight. ) i ATas | &/4),
Aucellina fragmants oceur in Section 3 and Section 4, 73-89 em; — 2Ess Section 1, B4 cm—Soction 2, 70 om: graenish gray [5G B/ muddy
] . fnoceramis and unidentified shell marerial e prasant i Section 8, ;g | calcareous chalk; moderately burrowed, mumesaas pabecypods and
s solitary lodn corals are well preserved in Section 4, 88122 em and -0 1 cotals. Sectlon 2, 105108 cm = white mnterval of carbonate granules
| threughout Section 5. - = Y | ing, Yellowith brown (10¥R 5/4) zones in Section 2,
L} 4 -
-] . MBA =1 -6 .
z 2 | SMEAR BLIDE "‘;; R 4 2 I Sectian 2, 70 em—Section 3, 42 cm: reddlith Brown (25YR 4/4) cal-
= cargous chiystone, highly fossiliferous; soundent carbonste Section 2.
2 P o B P D D D o
| Cartz TR TR = = = = = ik
Clay mingrali 95 100 55 » » 15 BB 3 Section 3, 42 cm—Section 4, 63 cm: brown (7 5YA 572) muddy cal-
| Zeolites 5 & S oam 3 E careous chalk with very dark gray (5 /1) leminge Section 3, B6--80
Carbonats unspec. - TR 40 40 46 63 5 E £ and 78-81 em. Sparse <
| Foeamirifers TR - TR 2 & 2 TR g | 3 E Complatchnr: oo o Bictioa 4,
- 1 " Mannafossils ™ - & 3 1w 20 20 =
Volcanic glass wm W - « = = = x| &
E i fnocesmuzfsgments = = TR 20 16 = i3 SMEAR SLIDE SUMMARY
& 3 | 3 154 1127 287 2104 360 313 462
=1 | CARBONATE BOMS: ; o o 8 D D D D
] " 5, 3B--40 (13) k. E Quartz 3 5 - ' 1 1
=] |3 | 5.89-101 (88) Feidspar ot s B e =
= & | 1 Clay mineesls §1 24 54 58 3B 28 36
g By MAGNETIC DATA: 1103 344 621 3 Zealitm Y. = 1 - 1 1
e oo nj: Inclination ey —855 —~T05 3 ClMﬂl!l unapec. 10 3% L] 5 mw 3% 2
= e I Daclination 53 M2 1568 Foraminiters 5 W w0 5 15 W0 5
& o LT - Inensity [emulech 09904 OI77E-04  0.143E-04 Hannalosit % B W W H B 5
o | Migronoduis - = = £ = =
oy 0 Valcanic - = - = - TR -
4 ooy | GRAIN SIZE: 4 A e ot
Ei o, : i
s || - 7 von {36l
(=3 1 P [FM [T o £
Dpcn{- e ST | MAGNETIC DATA: 171 186
H a0 | 6712 -50.7
H g Erd Declinatian 055 126.9
=¥ | . Irtensity (emulcel OBBIE-05 0.247E-04
AP |RP i
[} 5 00000 n GRAIN SIZE:
B oo | 12113, 21, 76)
AP | AP b R E AT . 22117, 24,89)
[=] =X=] |
e Ooooo
2 =N
‘2 e e l
cooo .
& ==
cM | M M THoood | ™

[1§ 4LIS
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SITE 511 HOLE CORE 51  CORED INTERVAL  442.0-461.6m SITE 6511 HOLE CORE 52 CORED INTERVAL 451.5-461.0m
BIOSTHATIGRAPHIC ZONE BIDETRATIGRAPHIC ZONE
1 FOSSIL CHARACTER v FOSSIL CHARACTER
g I EE Zl % ] F] ] z| 2
‘f:;" Eg % HE E g @ | ERame, |, LITHOLOGIC DESCRIPTION Tt EE ~ g 2 E E N o LITHOLOGIC DESCRIFTION
eI 2|32 322 i g S|Bzlez sz g
2-;;25535*5 £ E‘ﬁ;gsgg.‘-ﬁi L
L E R EE 5 REH G HERE 3
F R H B E E3 =5 |89 2 8 |5¢ g
e F
git
S=e=c ! MUDDY CALCAREOUS CHALK AND CALCAREQUS CLAYSTONE MUDDY NANNGFOSSIL CHALK: brawn (75YR 5/4] w reddish
cro-on | Section 1, 0~27 cm: muddy chalk (coguinal; red (2.5YR 5/6-4/8) 05 ! Brown (SR /4] with groenish gry (BGY 8/1) zones, lenses and burrow
i o [ in tap B cm, ight groenish gray (5GY 5/1) belaw, Abundant pelecypods : 3 fllings incresting o Highly in See:
= =1 em) and shell debris. Sharp angular lower contact. M thon 1, lest 3o below to Section 5, 18 em,
ATEn Section 1, 27-118 cm! imerbedded red 10 Ted brown (BYR S/3) 1.0 Section B, 18-27 em: grayith purple (SRP 4/2) hamogenoaus clay
—— | chalk 2 v and calearsous clayitons. =] wtone,
] . Section 1, 118-143 em: red brown calcarsous cloysione with 0.5 om Section 5, 58-85 cm: light gray (5YR 7/1) fossilifarous claystone,
i fensas and laminag of very dark gray sapropelic material Nannofowsil chalks in Sectiom 5, §, and 7 contain sbundant palecypod
Section 1, 143 cm—Section 2, 16 am: red brown cha% [coquinal shall dabris, much o it Inoceramus, These chaiks are Teddith Brown
i i . ith black tami Sect
l Saction 2, 18-128 om: red (15YR 4/8) o red beown ealcarsous | ;';:““""‘ wray Tonss a3 abors, Gresnish rritw 1 Sgtlon
L] claystone with some llght gray (5 7/1) zones; fewer pelecypods. b &;’m, B
2 i . Section 2, 128149 em: light gray muddy chalk [coquina); shundant 2 & : e
plecypods.
3 SMEAR SLIDE SUMMARY
E Section 2, 148 em-Section 3, 27 em: red brown, highly calcareous 176 276 355 476 524 564 624
clayitone; sbundant fossils. b b b o M M D
Section 3, 2748 em: muddy chafk, light greerish geay (BGY 8/1) Qurrtz 1 1 ] ™ 1 7 3
to fight biluish gray (58 7/1). Faldspae o = 1 T™H 2 1 =
Section 3, 48 cm—Section 5, 143 e roating red brown and light H Clwy minarals k<] n » 20 as & 2
gray mudty chalk [coquinal and calcansous claysions. " Zeolites 1 TR 1 TR TR 3 -
= § Section B, 143 cm—Section B, B4 em: alternating red/red brown snd . Carbonuin umpec. & 2 w 20 - - 2
= i Faraminifars 5 W w5 - 2
& E 3 - greenish griny muddy chalo (coguinal, 3 on % i i & &8 = = 7
< . Section &, 84130 em: red brown muddy nannotossi chak, e g Hanatanes < TR
i’ Section §, 130135 cm: red brown muddy chalk (coquinal, z E Volcanic glass - ~ = < - -
£ < BOMB:
] % SMEAR SLIDE SUMMARY = T N
g ‘!': 120 1932 273 376 &76 G576 6110 2|3 ! 3
B ~ 2 ul ?n v gﬁ D‘ Dz § MAGNETIC DATA: 176 a3 553
Qe - = o ae ; Inclination 512 513 402
?".-T"" ﬁ! 37 3? I; 1 1 2 3 Dectination 2684 1704 245.9
1 vt = i -05 0. 0.407E-05
3 4 s Carbonate unspac. 25 1 £ 30 W 16 2 ] 4 . Intersity femu/eel 0.3BIE-06 39E-05 E
Foraminifess 0 1 (] 5 10 5 10 )
L] Nannofossits 40 5 50 ® 40 40 BD ?:;:Illlzﬁ;:;m
] Orgunic carbon - #® - - - = - | 3423, 21, 78)
CARBOMATE BOMB: 5.421(3,19, 79}
1, 141143 [24.5)
-
MAGNETIC DATA; 236 202 655 E
Inelinatian -409 -60.9 -0 M
Declination 275.1 128 1240 .
5 . Intensity fomu/ee) DAIBE-05 D244E-06  0862E-05 5
GHRAIN SIZE:
2:20(1.13. 81 —
8:20 {15, 24, 61}
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SITE 511 HOLE CORE 53 CORED INTERVAL  481.0-4705m SITE 511 HOLE CORE 54 CORED INTERVAL 470.5—480.0 m
BIOSTRATIGRAPHIC ZONF BIODSTRATIGRAPHIC 2ONE
AND AND
§ FOSSIL CHARACTEN g
[] [] - 2| @ z| = -
I 3 El2l s GRAFHIC = gl E
[ E; H Sle| B | uTHowogy HTHALORIC HESRIFTION | E E| B | uthoioy = UUTHOLOGR: DESCRICION
w3 |E2 5 Z | g w3 Bl % e H
= 3 ] P = E ]
EEHEHE 2 +£H
Z|& |52 =
— voip ll
MUDDY NANNOFOSSIL CHALK )
Intarcalated and "blotchy™ Fight grey- o groenish gray (BGY B/1) and ;‘lf‘ MUDDY NANNOFOSSIL CHALK; o8 in previous Cora 53; predor
recdish brown (BYRA Bid) with gray rones becoming mare abundant . inatoly roddigh brown, with thick, gray to greenish gray zones (ie.
1 dawn section Section 2, 50130 om} down section. Pelecypod dobris moderato;
x y locally atamdant, moderate busrrows
Section 1, 4-8, 30-37, and 145—150 cm: are sparsely fossitiferous —| M Tight greenish gray (SGY 8/1) with darker green centers. “Zoophycar”
cleystones, Abundamt pelecypod (fnoceramus] fragments thraughout #t Section 2, 164 and 172 em. Abundant sparry caicite sssociated with
Section 1, but pesssnt througheut the core, | pelecypod leminas, Baritel?) nodules sbundsnt in Section 5, G858
Burrowing moderate, “solad" and “'rirg" varisties appeating and Chan- | " snd 145160 cm ared Section B, 04 and B7-101 em.
drites and Zoophycos present in Sectiom B and 6, l
SMEAR SLIDE SUMMARY
SMEAR SLIDE SUMMARY I 172 275 368 476 676 655
135 1130 2906 368 4120 572 678 o o o -] o o
2 M Db D D D D D . Quartz - - 1 1 1 =
Quarkz 1 1 1 1 1 1 1 | Dalomits ™ TR - - TR -
Faldspar TR - - TR - - - ! 11 Clay mingrals N ® N B”® T n
Clay mingraki a 33 34 40 = 4 23 Zaolitny ™ - - TH 1 -
Carbanite unsper. & W 220 2 1w 5 1 Carbonate unspec. 7 5 W 1B 5 H
Foraminifers 3 1 TR 1 TR TR TR I | Foraminifers H H 1 1 1 1
Mannofomily a5 55 45 55 50 0 70 Nannotossily -] -] 65 55 55 -]
Welcanic glass TR - - - - - - | 1 Micronodules TR = = - TR -
Micranodules - - 1 1 - - [ Valasric ghess - - TR - = =
o § CARBONATE BOMS: : . CARBONATE BOMB:
i ¥ 5 3 B, B4—G5 (75.5) £ 5, 6263 (15]
al 2
; £ MAGNETIC DATA: 163 369 5118 | 3 ; i MAGNETIC DATA: 188 B-116
',E L. Inclination -840 -512 -4386 2 I melbnation —46.2 -453
k Declination 1245 1635 1725 8| Declinution 2184 128
f Irvtwnsity [omulee) O546E-D5 0367E-05 0.128E-06 EI 3 r Imtansity famaioc) O.BAJE-05  02ZBRE-04
5 S JHE | g
e ] ! e
4 B2, 4.0 | . 6200, 11,89
E 1 I.
5
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SITE 511 HOLE CORE__ 55  CORED INTERVAL  480.0-4835m SITE 511 HOLE CORE 56 CORED INTERVAL  489.5-499.0m
BIDSTRATIGRAPHIC ZONE BOSTRATIGRAPHIC ZONE
w FOSSIL CHARACTER » FOSSIL g“":m“
g | eTd s PEHE = MEREE ulz| @
Zclgf | BR(3) | B|E | cone, |28 LHoLoai rscaion HHEHHAE R oL oscaon
S|EE 3l k|3 EH R T E ST = i 3
£7|5565 5|2 gEl#] = = g 2 EE HE E
= - ] = B
L HEHE T S HEHE Tt
& x 5 |AL 5 id lmel 2| = |8 |5 3
—==H1
—4—
4 —H .
; - ==
MUDDY NANNOFOSSIL CHALK; s in previous Cores 53 and 54 % . J_—l-l-f (™ MUDOY NANNGFOSSIL GHALK AND “BLAGK SHALE"
except thit below Section 1, 114 cm, the color s predominauly a o —— =+ Sections 1=3: muddy chalk a5 i previous Cores 54 and 66; gresnish
=, —— | ars 1=3: i # in pre ' green
1 "] greenith gray ([5G 6/1) with lesser readish brown (5YR 5/3), greenith 1 4 —H HH ey (SGY 6/1) with roms of greenish biack [BGY 2/11 except 100
black 156;? 2a:ll :n:r:;-di:“w-nbh gray [SGY 4/1] m:ex The ll'-isn '_|+._|, | 32 em, Section | which are pinkish groy (7.5YR B/2) with some red
114 em of Baction rowm with race gray spots, In Section 5, 1 i—l—lq H brown (SYR 5/2). Burrowing moderate to hatwy = shown,
T3-T4 e b5 o grayish purple (5P 472) claystong layer. -4 e —— | . Zoophyeos and Chandrires present. Sparse shall fragments (?Aucel:
Pﬁt:::ﬂ "w;“zmum WENTU;';?«(;W modarate (dark E },_+_.|,£|_H | [ fina) m Sactians 2 ard 3. Pyrite in burrews.
pree Gray ], witl yeas noted In ion 2, — |—| -.1:| | Section 4 and Section 5, 1-55 cm: slternating leyers ol muddy nanno-
Pyrite is common in Sections 2, 3, 4, and 5 [in burrows), and 8 b |_|_ fossil chalk, greenish black reaiitic claystone, and black shale, Chalks
'_—l— —H !N burrowed, with ad Chondrites thraughout.
o —- |_§ | Zeolitic claystones moderataly burrowsd, filled with induratad carbon:
SMEAR SLIDE SUMMARY !__|_ I_‘. wte or pyrie; finaly lsminated, Black shales, often fissile and very Tinely
2 185 252 3110 480 4102 545 574 640 2 '__|_+_‘ I it lainatod, ars moderataly burrawed.
o o o o L'} ] M =] '— —':‘ | Section 5, 55-148 cm: "black shal 16Y 2.5/1] tinely laminsted,
Quarts TR TR 1 1 1 TR - TH t " with grewnish gray l3minae in intervels 5670, 102—104, and 141142
Feldw M - =~ = - TR = ety B ; ern. Aucalina (7} fragmants betwean 70-84 om,
g:'r:"‘ I: v '[H ;R ;R = :‘R = |—|—|€: | ! Slight 1o maderate birraving in Ssctions 4 and 5,
: b N N = _ et _ I—-I-d—
Pytita 40 5| —— —H I} |
Clay minaraly ®» M 0w W W 3 :zn 13% 5| E g I—_|:}—_-| | i SMEAR SLIDE SUMMARY
Mica - - - - - - - } 128 1113 2922 438 4114 5130
< E =
M Zealitas - W - [ - s & ._+_E: || D b M D D D
Carbonat urspee. — — 1 LI - - - 2 2 == Quarts TR TR 1 2 TR TR
3 : - ==
Faeaminifers T = = T = = 1 .= t : e gt N L Clsy minerals 0 3 6 83 15 90
Nannotossits B 6 60 60 40 & 3 ! L I T Zeolites - - ® 1B - w0
5l g & :‘t.';.?qulm - [ ;: - 13 TR E £ 3 § |—]—¢:|_ II Cobonatwumspec. & 2 2 - = -
ks alonic glais - = - - - - - = = =, —— Foraminiters - - - - TR TR
|2 g 2 % g =t | Nannafassili % 6 1 TR 8 TR
= CARBONATE BOME: = Woicanic glas TR ™ 1 TR TR -
3 1,48-51 (29 Bl (=2
2|3 5, 47-43(7) ==~ . CARBONATE BOMS:
i - | 2,76-78 1115]
; . MAGNETIC DATA; 178 358 ] 2 5, 5860 (0]
HHEHEREE B J| 222
3 Declination w9 e T MAGNETIC DATA:  1-32 s
3 . Intensity fomulee) 0.6ME-D4 0210508 | Inefination 618 @8
= - | . Declination 23332 857
oG GRAIN SIZE: = Intersity famreel 02326-04  0.630E-08
1 1:21 {0, 10, 80)
321 (1,11, 88) I D Muddy chalk
521 (1. 10,901
| |
| EZ nisck shae”
. -
s s i
! sens| Zealitic clayitans
re [em RE - 1 . GRAIN SI1ZE:
- 1428 (10, 10,891
328 10, 6. 04)
i 628 (0, 15, 85)
.




SITE 511 HOLE COAE 57 CORED INTERAVAL  488,0-508.5m SITE 511 HOLE CORE 58 COAED INTERVAL  508.5-518.0m

SL

BIOSTRATIGRAPHIC ZONE BIOSTRATIGHAFHIC ZONE
é POSSIL cpugmn w FOSSIL CHARACTER
HE F FELR R EEE H
1 = 2 GRAPHIC 2 HEIR:
12 35 g 55| £ | umioloey K LITHOLDGIC DESCRIPTION £x g8 i g el & GRapmic = CHACLOGIE DESESiPIGR
gz"i gzs_g, 3 8 gnﬁgg j‘!a;*g E g
: 3|2 1 iF o1 HEHE :
FHEHHES 3 e EHH HES 3
| “BLACK SHALE", & in Come 57, Sparsely lominsted throughout:
“BLACK SHALE™ (5Y 25/1), Most probably & black mudstore; very jaminne gresaish black ar very dark brown [10YR 272}, Le. Section 2,
fine taminations common, slong which Tiwile clesvage can occur, Gray | 130—144 em. Gray and greenish gray 20nus in Section 1, 67-68 em,
[25Y 5/0) and greanish gray (5GY /1) — the latter often nannotossil- " Section 2, 82-101 cm, Section 3, 114—121 cm, and Section 4, 5670
rich — zones in Section 1, 43-52, 5867, 59107, and 140142 I o and 70--B6 e (greenish black) and 8688 cm
em; n Section 2, 810, 18-20, 36-37, and 142-144 cm; in Section |
3, 15-17 and 87-89 o, in Section 4, 16-24, 3743, 7879, 99— Burramdia spare frousheos aoes,
101, 100- 111, ard 123-130 cm. | Pyrite commen i siringers, lnss, and rare skl (05 cm) nodules,
i Lonses, burrow Tillings and laminee of white calcilutite 10 fine cal-
Burrowing spirsa to moderate a1 shawn, inciuding Zoophycos a: | cammite comman — | . Section 2, 30-32, 50-52, end 5558 cm;
Chondrites oluaurllnq mostly in gray zones. Burrows commanly fil | Section 3, 5253 cm: in Section 4, 120-121 and 146147 cm; in
with caleilutite andfor pyrite. Pyrita laminas comman in Section 5, | Section 1, 22-28, 53-57, 100-103, 108-110, and 137—138 em,
Micrafaulting{?] in Section 2, 122-125 em, Section 3, 80-B8 om, M
B * Avcelling(7) spirse theough Sections 1, 2, and &, Paie yvellow (2.5Y
Section 4, 15-23 cm, and Section &, Z8-31 em. | B/4) lars, Section 3, B0—82 com, contaim 40% _arbonate,
Aucellina(?) fragments sparse in Section 5. : | i Microtauttingl?) In Section 1, 45—47 em and Section 3, 8657 and
Inn Section B, 10-24 em: white (2.5Y 872 and 2.5Y 8/0) kaywrs rich in z 101104 em,
nnnofassiis and finely comminuted carbanate. | Coauina in Core-Catcher, 11-18 cm.
g | |
SMEAR SLIDE SUMMARY é SMEAR SLIDE SUMMARY
129 164 261 480 B21 2 | 185 208 361 470
g, o L] L] =] M < | o "M L] LU
B g Quartz 1 1 1 - E Cuartz ' T TR TR
e | E =z erc.mrmrlll 24 58 3 8 20 £ I o Clay mingvals a7 15 L1 85
3 5 2 Zeclites 2 - = 2 = & | Glauconits - = - T
= 3 Carbanats untpec. - - @7 TR T Zealites 2 - - 2
= = Nannofossils - 0 - TR 8 | Carbonats urspec, - 5 8 3
g 3 Undetermined minsral 3 — - 7 - N | Foraminifers - § TR -
£|s = Volcanic gloss = W= = = | = Naanofossils I TR I
2 | bl Undatermined mineral 7 = — 10
g £ s CARBONATE BOMB: 1 Voleanic glass - " T -
g g 2,14-16 10} |
« 5,82-84 (D) CARBONATE BOMB:
| 1,71-73 (0)
nIGNEITIl: DATA: |?-.:? 3::‘ [ . 4, 72-74 (0}
nclination —29. —82.
Declination 2228 25058
MAGNETIC DATA: 149 260 4130
Intgnsity fermufoc) 0.600E-06  0540E-06 | lnctinaiion 837 487 388
| Declingtion niz 9.3 191.0
GRAIN SIZE: | M Intensity bemiafce] 0.390E-06 0.300E-08 0.200E-D6
128 10, 17, 83)
AP FP I
GRAIN S1ZE:
18410, 18,84
RP | RF| RP
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SITE 511 HOLE CORE 589 CORED INTERVAL 518.0-527.5 m SITE 611 HOLE CORE 60 CORED INTERVAL 627.5-537.0m
TIGRAPHIC ZONE BIOSTRATIGRAPHIC ZONE
AND AND
§ FOSSIL CHARACTER - FOSSIL CHARACTER
glga H FE R w = RIEEE wlZ| @
£ e 3 o GRAPHIC Er|ow| @l 2|3 ulel = GRAPHIC
= s 4 & s5| B | umvoloay HITHOLOGIC DESCRIPTION V5 E: ilgls £|5| B | umioloay g LITHOLOGIC DESCRIPTION
go|cE (a5 515 (8).2(8] 2 4 e HEFE +EH
£7 (358 8 8 c 27153 E3(5 |22 ]a8 £ Sl
£ 1‘;..532..3 EE = |5 EE £ (28 =+
G & |5d Bk 28 [8¢] 2 g |as FHeE
" “BLACK SHALE", a3 in previous core. Soft greenish groy leyer, Sec- M MUDDY CHALK AND CHALK
tion 2, 123-125 em. White [aminse of shell debris comman through Predominately dark gray [5Y 4/1) muddy chalk, with lesser intervals
. core, Le. Section 1, 7B=87 em; very common in Section 2 in Section iSection 1, 43-58 em: Section 2, 4=17 and 100145 om; Section 3,
3, 98-100 and 103-110 cm they contaln abundant nannofossils, . 43-44, 78-80, and 110-125 om; Section 4, 816 em; Section 5,
Section 4, 39-51, 5465, B8-03, and 58-100 cm aguin with sbur. 08 and 4280 cm) of light gray (SY 6/1) challe that contains o high
dant  nannatossils, Layers with large foocersmus fragments and athar percent of nannofostils and carbonate unspecified, and lew clay min-
shelti In Section 3, 112-150 cm and Section 4, 0-36, 107-111, erals. The rock Is highly indurated. Laminations are common,
ardd 124135 em; and in Core-Catchar 06 and B-8 om, T T —
Belgmnite frogments sparse |n Sectiors 3 snd 4 end Core-Catcher, Balamnits fr - onand h gs sbandent in
laminae in Sections 1, 2, and 4. Biotusrtution is «pane 1o ran.
SMEAR SLIDE SUMMARY . 2 2
170 856 Avceiling(?) fragments spate in Section 4.
D M Charty laver, Section 5, 41-42 em,
Clay minaraly a3 w0 Section §, B0 cm—Section 6, 58 ¢ and Core-Catcher: finaly 10 very
Carbanate unspec, 1 10 finely Lwminated highly petroliferous (oil shale] black [5Y 2.5/1)
Nannotessiis ER . with beownish overtons claysione.
= ] Undetermined mingral 3 -
] E
b SMEAR SLIDE SUMMARY
a— § CARBONATE BOMB: 187 2122 486 590
2
I £ 1,86-88 139) B b B D
k] é‘ 3, 105107 (69) . oAl 2
[+ el 20 5 % B3
E 3 MAGNETIG DATA: 134 2141 an ; e g n 5 ®m @
= i Inclination —-28.7 =38 =08 = Carbona 5 @9 45 4
& Dechination 1718 2 1Ba.g § Nmnnl;i:‘q“l &7 2 30 —
2 Intarsity (emace) 0.230E-06 0.180E-06 0.190E—06 1 B Py (e = F
il M Untetarmined mineral — - - T
E
E CARBONATE BOMB:
@ 1, 32-34 (39
2,126-127 (84)
.
Ld MAGNETIC DATA: 154 3128 652
Inclination =188 —47.0 oo
1] Diaclination 218.7 62,6 1681
Intensity lermulec] OA410E-06 0260E-06 0IX0E-06
GRAIN SIZE:
FP | ) 386100, 26, 741
.
0G
L
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SITE 511 HoLE CORE_ 81  CORED INTERVAL  B637.0-5466m SITE 511 HOLE CORE 62 CORED INTERVAL  546.5-556.0 m
MIOSTRATIORAPHIC ZONE
§ = FOSSIL CHARACTER
Z| = S z
c| = ua )
e g E| £ | uiotosy E LITHOLOGIC DESCRIPTION 55 HHE E e LITHOLOGIC DESCRIPTION
&> 3 g% ez g w3 | E FEH
H g & 5 E 3, E LA g 2
F H = 5 B £ 8% g
H E 3 |32 3
L 3
BLACK SHALE ICLAYSTONE] 05— % MUDSTONE AND NANNOFOSSIL MUDSTONE
Black (BY 25/1), finaly laminated, highty Indursted, petroliferous. ] Patroliterous; very dark gray (5Y 3/1), hard, mastive; locally faintly
' b Occassional layers, 1-5 om, olive gray [5Y 4/2) containing finely com 1 3 M bedded. Change from more to fmwer nannofanils is subtie. Stratifica.
minuted pelecypod debris. Fine gray Lyers (BY 801} 1.0- < 1.0 em =3 - ‘thon varies from horizontal to S=100
. e Py, paciives in Secthon 1. s . Olivw geay (5 5/2) leyers, 1=10 cm thick (located as shown) are
Through Sections 2, 3, snd 4, color becomes lghter, 1o very dark gray = seolitie claystone, They are commonly overiain by 0.5-1 cm dark
16 3710 and light olive grey (5Y 4/2-8/2), or #ternathons of light = gryish groen (SGY 4/1) lamina.
tnddack gray. = In Section 3, 26-27 cm, Is an olive gray (5Y 52) layer of calearnrite
Section 4, 90 em=Section b, 30 em: dask olive gray (5 32) NANNO- and from 41-43 om, o fine 1o medium guartz sand in a dark gray mud
FOSSIL CLAYSTONE. Interval Section B, 30-120 cm s less car. matrix, Belemntes prosent in Section 5.
Ibanaterich and vary dask gray (5Y 3/1) In color, s in Sections 2 and
2 . % 2 . SMEAR SLIDE SUMMARY
Pyrita tamina, Section 4, 25 cm. 165 197 1117 276 320 380 480 570
rite gra [ ¥ 7 P D M D M D D D
m-;m:‘:u:?: wyrite gray {BY 671) 1o lght gray [BY 7/1) F— : i i 2 p 3 ] 3
Feldspar 2 18 2 10 15 15 ol 10
5 Mica - E - 1. 6 e o
2 SMEAR SLIDE SUMMARY Clay minarats @ & 5 0 & M 66 63
'f 174 1116 276 380 476 575 = * Zeolites 1 2 0 FE ] 2 2 -
5 1] M D 1] o 4] £ Carbonats Urspac. 1 - - - S 2 1 5
E Quartz 1 TR TR 1 1 = " Mannofossib % - - - - - - 20
§ Feldspar 3 1 1 10 3 < Volcanic glass T = - - - TR - -
k] a . Mica IO I G i 3 . Orgenic catban - w3 1 3 - w 1
o Clay minerals 87 &4 7 70 79 & =
2 Zuiites 3 # 3 3 3 1 E CARBONATE BOMD:
5 L Catonstaunicee. 1 — 1 2 2 B ; 1,22-24 (4)
= Hannofassils T - 1 TA - X 2
3 Orgariic carbon - 0w 2 w s 3 E ) MAGNETIC DATA: 183 361 527
E 3 VOIR  reiination -2 ~18.3 9.1
CARBONATE BOMB: =] = Declination 139 240 6.3
2,46-48 (5) £ Irtersity femu/ee] 0.7108-06 OGBOE—0F 0.460E-06
4 i MAGNETIC DATA: 127 3126 564 4 . GRAIN SIZE:
Inclination 49,1 —458 —ga3 230 {0, 24, 75)
Declirtion 183 206 %83 4:30 {0, 20, 80)
Intersity {emu/fes) 0.108E-D5  0.180€-08 0.200E-08 b
GRAIN SI1ZE:
VOID 104 10, 17,83
324 (0,27, 73]
£:24 (0,22, 78] L
5 L]
. .
5
F -
RP_| RP|PM [cC 0G|
AP |AP(EM 'y .-
s
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SITE 611 HOLE CORE 63 CORED INTERVAL 556.0-665.6 m SITE 511 HOLE CORE 64 CORED INTERVAL 566.6—575.0 m
BIGSTRATIGRAPHIC ZONE BIOSTRATIGRAPHIC ZONE
g g
H El & - 2 e g NEIR >
e |u =1 GRAPHIC H 2r | H k] HEIE GRAPHIC H
i S: S| £ | umioloay LITHOLOGIC DESCRIPTION g §; iz HERS uthoLogy |, 2lS LITHOLOGIC DESCRIPTION
w58 oy 2 w3 |BE g £ 2 dla) g =3 o
£ |x L = = |¥TE3E|E 1 E g
! 2e EEL - HE R H:EH
H B 28 88 2 5 |&a 3
CLAYSTONE [BLACK SHALE) T CLAYSTONE (BLACK SHALE), a4 in previeut Core 63,
Black (5Y 28/M1), hard; wagus I - White laminas of fine, thin-shalled pelecypod dobris &t Section 1,
. Hitthe visible carbonate; mingre peincypod concantration Section 1, B4 | 129, 133, and 141 cm; Section 2, 33 and B4 cm; Saction 3, 41, B3, 87,
and 1461865 em. and 100 on; Sectien 4, 18, 45, 92, and 125 om; end Section 5, 52,
Thin {05 em] gray [25Y B/1) lensas and laminse Sectian 1, 108=110 I ™, ‘3‘_- 133,142, by ‘I“‘ em, . o
cm, Belamnites present in all sections i ore-Carcher " o
Belommites, Saction 2, 102 cm, | rite fragment is srrounded by 0.5 om hala of fine pyrite.
Cone-in-cone, Sectian 3, T2-87 em, high in calcite. Pyrite present v 3-4 mm masses, a5 05 laminae, or disssminated in
[ claymone matrix in Sectiom 1, 3,5, 6, aixd Core-Catcher,
SMEAR SLIDE SUMMARY
175 278 315 316 | SMEAR SLIDE SUMMARY
o b o D 150 275 385 475 590
L Cusrez ¥y A = 1 | o o D D D
< Faldsgar w & B 10 2 [ . Quartz I T B
= Clay minmeals 75 i} B2 @6 Faldspar 5 6 o ] 10
§ Zeolites 2 2 a 1 Clay mirarals o 65 58 (7 &7
B Carbonate urispec. 2 3 L | Zealines 2 1 52 1
Mannofossiln - 10 5 15 Carbonate unapec. 2 2 1 2 1
g Drganics i 0 1 7 I Nannofossily o 16 o 15 15
- "" ‘Wolcanic gless - - - 1 | Organics (1] 10 15 0 16
CARBONATE BOME: CANBONATE BOMA:
1, 107100 (4) 5 | ot 3, 128130 (35)
3,B1-83 (1) E 3
£ | MAGNETIC DATA: 179 1122 65
MAGNETIC DATA:  1.142 13 = " Incfiratian -54.8 —40,1 -ns
. Inelination -50.0 =30 B Deglination 133 - (0]
Declination ®E.7 306.2 ; i Intensity lamulee) 0.120E-D6  0450E—D8 O440E-06
Intansity (amuiee) 0.130E—D8  0.90E-08 |
GRAIN SIZE:
GRAIN SI2E: 233 10,21, 791
™ 2.37 {0, 24, 16) | 433 (0, 25, 75)
!
4 .
| | —]
oG
3
| .
| M
: |
il




SITE 611 HOLE CORE 65  CORED INTERVAL  575.0-584.5m SITE 511 HOLE CORE 66 CORED INTERVAL  SB4.5-594.0m

6L

BIOETRATIORAPHIC ZONE BICETRATIGRAPHIC ZONE
@ FOSSIL CHARAGTER g FOSSIL EHARACTER
2 [ &lg2 alZ| 2 K zl e "
2 =] -
tE gg g 2 é g HE: lﬁ’:gﬂ;g? LITHOLOGIC DESCRIFTION ¥z 'S‘E E E E ] Lﬂiﬁ’ggv E E LITHOLOGIC DESCRIFTION
= 3 i3 < = "
M HHHEEE : a1 HHHERE i
F 3uzsi!:‘§ i = ‘!‘"35535 :5!
2lEg 2|2 |5 |5 HAEEEHIEIH D B8l
0.5 - CLAYSTONE [BLACK SHALEI; 1 in grevious sections; petrolifarous; NANNOFDSSIL CLAYSTONE (BLACK SHALE)
1 - - with imervals of calcarpaus claystone which sro black [5Y 256/1) and Black, @ In previout corel, baaring appreciable quantitien of nanno-
anriched in many laminse of pelocypod debris, i . Section 2, 110— 1 fossih,
101 M 124 cm; Saczion 2, 144 em, and Section 3, 7, and 14-45 em, it are finiv iaisted,
. Minor molitc layers, 1.0 om, gray (25Y &/1) or light gray [26Y 7/0) Im Section 1, 3840 and 48-.54 em, dark gray (2.5 4/0] to very dark.
- aeeur in Sections 1 and 2. gray [2.5Y 30), hard, slightly muddy ealewenites, the upper one
3 Vary fina- to finegrained, hard, muddy, gray (2.5Y B/U) calcarenite !mwai«ed_ thir howst coarse-grained in bottam 3 em and fine-grained
intervals occut i Section 1, 310, 22— 28 em, Section 2, 124144 cm; in upper 3 cm,
Section 3, 7=14 em; and Section 4, 28-32 em, Inoceramus in thin laminay present but generally sparse throughaut
3 Thin, white laminss of comminutsd pelecypod debris ocour mainly in cor; locally sbundant.
5 . the "."";;Tg"":’“_"::"m"‘ ot S5yt 1Tty by N Belamnites present in wvary section; common in Section 4
= nas In ing & " -
I in Sect and 4, 1314, 2425, and 4142 em,
E : Disseminated pyrite it present i Section 1, 133 cm, Secton 2, and Pyeite lxminas i Sections. 3.
£ Section 3, 103-100 em. b Auceilina?) spar throughout,
- - Balamnites ara camman (n Section 4,
g SMEAR SLIDE SUMMARY
T 160 1108 275 326 380 4.60 595
1 . SMEAR SLIDE SUMMARY M = n W D b D
§ 162 175 275 2130 336 376 4120 £ ” S 4 B
- arte —
B L ] [} M D D o 2 i - ) R D B
E . Qi T XS o ) x5 £ Clay minersts W s 73 8 74 T80 8O
3 3 ::Inuur 5 5 : 2 ? ? 2 = 3 Zeolita = 1 TR - TR TR 1
ca = ¥ & - ©
3 Carbonate unipec. 70 - - 1 ] 4
i3 Slay iy oomiow @k oo g Nannafoseils - 8 W 2 2 B W
E| 3 Zaoliter o 5 5 1 1 1 1 N | ) pi, % = - = =, = =
Carbarate unspec. - 2 1 70 Al 2 L} . : = o = 1 .
[T Nannotossits - W s - W 5 W .—?’ Valeanie glass 1
Orpanic matter - 5 7 - 3 15 5 % 7] Rt ;
=] 3 |
CARBONATE BOME: r b 302-9403
;:;ﬁ;‘r:;:w 2 ] MAGNETICDATA: 1101
4 ' E 4 - Inclinatian —3232
. 8.6
MAGNETIC DATA: 194 418 ) Daelination "
M Inclinatian -48.1 ~14.1 = Intensity lsmucel 0110806
. Declination 138.0 e m
Intersivy (omuies] 0.470E-06  0.200€-07 S i;lltr: 2’122?‘:_”
GRAIN SIZE: E
5 1.50 0, 18,821 E
38011.22,77) -
AP _|RPFM ICC .
5
FM| B

LIS HLIS
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SITE 611 HOLE CORE 67 CORED INTERVAL 594.0-603.5m SITE 511 HOLE CORE 68 CORED INTERVAL  B603.5-613.0m
RIDSTRATIGRAMHIC ZONE BIOSTRATIGRAPHIC ZONE
AND AND
= FosSIL CHARACTER " FOSSIL CHARACTER
g 314 HE R H g |2 2 HER:
e ] ZlE| & | umolocy H LITHOLOGIC DESCRIPTION -2 E gz B g | Shae z LITHOLDGIC DESCRIPTION
u3 HEE R 23 T HEAEHE 25
: HHE = R HHHE :
I EIEE | b I EIE 3
—=
£ | ;
7 L N : i i
05— | . :f:"affwf"*m" € (BLACK SHALE): & In Gore 66 CLAYSTONE (BLACK SHALE): as In pravious cores, very finaly lam.
1 T 1) o inatad with strang fissile tendency.
| Soockrus jpeily Uiyt b hin liplnen, ! Dark gra (26 4/0) calearenita fayers in Section 1, 49-50 and 118-
10— Beiemnites presant throughout core, but not sbundant, 124.am.
-+ [ Gray (2.5Y EM) zeolitic layers in Section 3, 107-108 om; Section M Geay (2.5Y 8/0) celcarsous chalk layer, Section 1, 106118 em.
= 4, 96-88 cm; and Section 5, 1011, 7930, £3-85 and 102 cm. 5 : e
& | Pyrite laminas Saction 5, 7780 em g A w
1 o Auestianial ! 1parse.
ju PR . Core-Catcher, 07 cm! dak gray calcarenite with Ihoceramus et
e | - f Betemnltes presant throughout but not sbundant,
b 5 Gray zeolitic yers in Section 2, as shown,
B | SMEAR SLIDE SUMMARY -
2 =] 150 220 360 478 545 g 2 SMEAR SLIDE SUMMARY
- | D b Db D D g . 129 285
4= Quarte I B | [ B D
+— | Clay minerals Mo T2 73 92 & o e v 3
& m Zeolites TR - - TR TR Clay minerals 94 B4
- T | Carbonats unspec. = @ - TR TR O0G] Zoolites P
2 1= Hannalowits w 1 ;oW N 5 | e D
B o — I Valcanic gl T TR TR - TR Nannafossils 1 7
T o o
H . " CARBONATE BOMB: CANBONATE BOMB:
5 3 47} | 3,43-48 (8} 1, 115117 (80}
: +— 2,70-72 (0)
% = l GRAIN SIZE:
] B b 1E1 N, 22, 78) MAGNETIC DATA:  1:112
5 = nclination a5
] = | Declination 1236
3 _E.—,zs- | Intentity {eefoc) 0540606
E =
9 GRAIN SIZE:
— 1:29 [0, 16, 84)
e :
-1 -
8| 3
3
I
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SITE 611 HOLE CORE 69  CORED INTERVAL  613.0-6225m SITE 511 HOLE CORE 70 CORED INTERVAL  6225-632.0m
WIDSTRATIGRAPHIC ZDNE RIOSTRATIGRAPHIC TONE
" FOSSIL CHARACTER - FORSIL CHARACTER
FRIEE alZ| 2 B 8 [eTgs &
&l = 4
i E; H E g § ElE Lo . H LITHOLOGIC DESCRIPTION S g § E ,g_ § Lf&?fgﬁv E F LITHOLOGIC DESCRIFTION
w3 [RZ e g 3 g & w3 | B 1w 2 2 g 2 ==
¢ ;iig 53»“1 = ) g7 k3 35!3‘33 E
= i|la|g = F |3 % HEI =]
=§§eg“=3 kR b EEH E
MUDSTONE (BLACK SHALE); as in Core 69; black, laminsted, with
MUDSTONE IBLACK SHALE) - :
Black (BY 25/1) and finely lsminated m in previous cores but mudh sparsa ghal| debris laminae except in Sections ‘-355. Nh-_r-lhv ane
- icfiar, 1 moderately sbundant and 051 cm thick. Belemnites continue 1o be
presant but nat sbursiant. A lsmina of carbonats sand (fnaceramis
Gray (2.5Y 5/0) 2oiltic layers &3 showm. “needies”) ocours In Section 8, 36 om. Aucolinal?) alio present in
Inocaramizs ardd other white shell laminse wery sparss in Sactions Section 5, 1821 and 27-35 em.
1 and Foaly In Section 2, 136138 em: & relatively lurge, slongate black (ehiny)
Belpmnites present throughout but cparte. Ineluzicn s ambedded; planti?) sam.
Section 5, 0B cm, greenish {56 8/1) with abundant thvy greenish Gray zeolivic lnyers as thown,
hlack (BGY 2/1) grain; Tglsuconitel
Section B, B-7 cm, 0.6 cm pyrite nodube. SMEAR SLIDE SUMMARY
160 285 535
5 2 Db B D
5 SMEAR SLIDE SUMMARY Quartz 2 1
170 483 53 Clay minerals 71 B0 86
= BoMooMm H Zeolines 12w 7
Cuartz ] 2 2 T Carbonate witpec = 1 -
§ Mica L < Undotermined mineral 15 & ©
1 Clay rinersls 0 8 58 &
& Glauconits - = L CARBONATE BOMB:
2 Zeolites a 2 10 - 4, 04-96 (0.2
£ Carborateunspec.  TH 1| TR 2
S Undetormined mingral 20 20 18 a3 a GRAIN SIZE:
2485 {0, 10, 901
CARBONATE BOMB:
3,73-76 (0}
6, 2-413)
GRAIN $12E: -
17010, 23, 770
4
.
.
5
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SITE 511 (HOLE 511)
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SITE 511 (HOLE 511)

83



SITE 511 (HOLE 511)

5-6

—0 cm




SITE 511 (HOLE 511)

11-3 11-4

11,CC

85



SITE 511 (HOLE 511)

12-1 12-2 12,CC 13-1

—0 cm

13,CC

14,CC

151

16-1

16-2

16,CC

171

17-2




SITE 511 (HOLE 511)

17-3 17,CC 181 18-2 18,CC 19 20-1 20-2 20-3 20,CC 211 221
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—75 g o
S 21,CC 2
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e
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-

—125

—150
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SITE 511 (HOLE 511)

23-1 2441 24-2 24-3 24-4 24-5 24-6 24-7 25-1 25,CC 26,CC 271

—0 cm




28-6

28-7

28,cC

29-1

29,CC

SITE 511 (HOLE 511)

30-1

30-2

89



SITE 511 (HOLE 511)

30-3 30-4 30-5 30-6 30,CC 31-1 31-2 31-3
—0 cm

—150



SITE 511 (HOLE 511)

32-6 32,CC 3341 33-2 333 33-4

91



SITE 511 (HOLE 511)

33-5 33-6 33,CC 34-1 34-2 34-3 344 34-5 34-6 34-7 34,CC

35-1

—0 cm

~




35-2

0 cm

35,CC

—150

36-7

36,CC

SITE 511 (HOLE 511)

37-1 37-2

93



SITE 511

—0 cm

T

T

—

1 T

—T

2
— 5!
7

v I

—

T

5
0
5
00

—1

T

T

T

—125

T

'_'I'

150
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(HOLE 511)

38-1 38-2 38-3 38-4

38-56

38-6

38,CC

39-1

39-2

39-3

394

40-1




—0 cm

i

40-2

40-3

40-4

40-5

40-6

M S \

41-3

41,CcC

SITE 511 (HOLE 511)

42-1 42-2

95



SITE 511 (HOLE 511)

42-3 42-4 42-5 42,CC 43-1 43-2

—0 cm




SITE 511 (HOLE 511}

44-3 44CC 451 452 453

46-1 462 463 464

~—0 cm

—150

97



SITE 511 (HOLE 511)

rOCm 47

-1

47-2

48-1

48-2

483

48-4

48,CC




SITE 511 (HOLE 511)
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SITE 511 (HOLE 511)
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SITE 511 (HOLE 511)




SITE 511 (HOLE 511)

—0 cm




SITE 511 (HOLE 511)

57-7

57,CC

103



SITE 511 (HOLE 511)

58-3

—0 cm

58-4

58,CC

e

—150

104




SITE 511 (HOLE 511)

60-6

61-4 61-5 61,CC 62-1 62-2 62-3

—150

105



SITE 511 (HOLE 511)

62-4 62-5
—0 cm;

62-6

62.CC

63-1

63-2

63-3

63-4

63,CC

64-1

64-2




64-4 64-5 64-
—0 cm 8

654

65-5

65,CC

SITE 511 (HOLE 511)

66-1 66-2

107



SITE 511 (HOLE 511)

66-3 66-4 66-5
=0 CM g -




SITE 511 (HOLE 511)

69-1 69-2 69-3 69-4 69-5 69,CC 70-5

—150

109



