2. SITES 535, 539, AND 540!

Shipboard Scientific Party?

SITE 535

Date occupied: 0810 hr., 29 December 1980

Date departed: 2330 hr., 8 January 1981

Time on hole: 10 days, 15.3 hr.

Position: 23°42.48'N; 84°30.97'W

Water depth (sea level; corrected m, echo-sounding): 3450
Water depth (rig floor; corrected m, echo-sounding): 3466
Bottom felt (m, drill pipe): 3455.5

Penetration (m): 714

Number of cores: 79

Total length of cored section (m): 714

Total core recovered (m): 505.07

Core recovery (%): 71

Oldest sediment cored:
Depth sub-bottom (m): 714
Nature: Limestone
Age: Early Cretaceous (Berriasian)
Measured velocity (km/s): 4.71

Basement: Not penetrated
Principal results: See Summary section.

SITE 539 (HOLE 539)

Date occupied: 0352 hr., 18 January 1981

Date departed: 1640 hr., 18 January 1981

Time on hole: 12,7 hr.

Position: 23°47,.34'N; 84°25.19'W

‘Water depth (sea level; corrected m, echo-sounding): 3089
Water depth (rig floor; corrected m, echo-sounding): 3099
Bottom felt (m, drill pipe): 3106

Penetration (m): 7
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Number of cores: 2

Total length of cored section (m): 7
Total core recovered (m): 4.40
Core recovery (%): 63

Oldest sediment cored:
Depth sub-bottom (m): 7
Nature: Nannofossil ooze
Age: late Pleistocene-late Pliocene
Measured velocity (km/s): 1.55

Basement: Not penetrated
Principal results: See Summary section.

SITE 539 (HOLE 539A)

Date occupied: 1640 hr., 18 January 1981

Date departed: 0223 hr., 19 January 1981

Time on hole: 9.7 hr.

Position: 23°47.20'N; 84°25.19'W

Water depth (sea level; corrected m, echo-sounding): 3076
Water depth (rig floor; corrected m, echo-sounding): 3086
Bottom felt (m, drill pipe): 3099.5

Penetration (m): 7.5

Number of cores: |

Total length of cored section (m): 7.5

Total core recovered (m): 7.23

Core recovery (%): 96

Oldest sediment cored:
Depth sub-bottom (m): 7.5
Nature: Nannofossil ooze and chalk
Age: late Oligocene
Measured velocity (km/s): 1.59

Basement: Not penetrated
Principal results: See Summary section.

SITE 540

Date occupied: 0330 hr., 19 January 1981

Date departed: 0748 hr., 25 January 1981

Time on hole: 6 days, 4.3 hr.

Position: 23°49.73'N; 84°22.25'W

Water depth (sea level; corrected m, echo-sounding): 2926
Water depth (rig floor; corrected m, echo-sounding): 2936
Bottom felt (m, drill pipe): 2940.5

Penetration (m): 745.4

Number of cores: 79

Total length of cored section (m): 745.5

Total core recovered (m): 335.75
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Core recovery (%): 45

Oldest sediment cored:
Depth sub-bottom (m): 745.5
Nature: Gray laminated skeletal limestone
Age: middle Albian
Measured velocity (km/s): 3.2

Basement: Not penetrated
Principal results: See Summary section.

SUMMARY

Sites 535, 539, and 540 were drilled in the eastern
part of the study area (Fig. 1). They all had the same
major objective, i.e., to examine an inferred mid-Creta-
ceous unconformity (MCU) and to penetrate as deep as
possible into the thick pre-mid-Cretaceous sedimentary
basin below. The sites have been designated the “basin
sites.” The pre-mid-Cretaceous rocks either crop out or
subcrop beneath a thin Cenozoic cover along the eastern
flank of a broad north-south erosional channel (Fig. 1).
Sites 535 and 540 were positioned along this erosional
slope, and together, they quite successfully sampled an
almost continuous section of Lower Cretaceous lime-
stones, plus the thin overlying Cenozoic cover. Seismic
Line SF-15 shows the overall setting of the two sites
(Fig. 2). Holes 539 and 539A represent unsuccessful at-
tempts to spud.

Because of their similar locations and objectives, dis-
cussion of the three sites are combined into this one
overall site chapter. The major results of Sites 535 and
540 are shown on summary diagrams (Figs. 3 and 4, re-
spectively) and are discussed further below.

Sites 535 and 540 together penetrated over 1400 m of
Cenozoic and Cretaceous section, with Hole 540 repre-
senting the upper part. The major lithologic sequences
in Hole 540 from top to bottom are as follows:

1. The top consists of 272 m of carbonate ooze, chalk,
and marly limestone with ash layers; the lower part is
deformed by creep and slumping; age ranges from Pleis-
tocene to late Paleocene.

2. In the middle are gravity-flow deposits (56 m)—
mainly layered chalk and pebbly chalks and limestone;
pebbles consist of shallow-water and deep-water lime-
stone clasts; this interval includes a 3-4-m graded sand-
stone-conglomerate toward the top consisting of altered
volcanic and limestone material; age ranges from late
Paleocene to middle Cenomanian.

3. The lower section contains 417 m of limestone with
rhythmic alternations of bioturbated, light-colored lay-
ers and laminated, dark, organic matter-rich layers; thin
layers of carbonate silt and sand occur throughout; black
chert is conspicuous in upper half; there are intercala-
tions of several meters of homogeneous, micritic lime-
stones and calcarenites with shallow-water detritus at the
base; age ranges from lower Cenomanian to middle Albi-
an.
The major lithologic sequences in Hole 535 are as
follows:

1. The top contains 154 m of mainly upper Pleisto-
cene clay and mud.

2. In the middle 233 m, banded, laminated, and var-
iably bioturbated limestone occurs with layers of coarse
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skeletal debris, particularly toward the top; age is con-
troversial—a late Albian(?)-Cenomanian(?) age is based
on ammonites.

3. The lower section consists of 327 m of rhythmic
alternations of (1) light-colored, massive, and variably
bioturbated limestones; (2) darker laminated limestones,
and (3) very dark carbonaceous, marly limestones with
fine laminations; hardgrounds and cephalopod limestones
are common toward the bottom; age ranges from Albi-
an(?) to late Berriasian.

These two holes together provide the first view of
Early Cretaceous deep-water sedimentation in the east-
ern Gulf of Mexico-western Straits of Florida region.
The results establish that this part of the basin was at
least at bathyal depths by the Early Cretaceous. The
rhythmic sedimentation indicates alternating oxic and
anoxic conditions, similar to other ocean basins at this
time. The principal sediment component is fine-grained
carbonate of pelagic origin. Thick intervals of massive,
fine-grained, homogeneous limestone with high sedimen-
tation rates, however, indicate significant neritic input
from adjacent shallow-water platforms to the east, par-
ticularly during the late Albian and middle Hauterivi-
an-late Berriasian. Occasionally, significant quantities
of silt-sized and sand-sized skeletal debris reached this
part of the basin, such as in the middle Albian.

Interbeds of dark, carbonaceous marl and marly lime-
stone found in both the Aptian-Berriasian section of
Hole 535 and in the lower Cenomanian-upper Albian
section of Hole 540 are, in part, rich but immature pe-
troleum source beds. Tar-filled fractures with a halo of
oil stains in the Hauterivian-Valanginian part of the sec-
tion suggest the possible presence of more mature hy-
drocarbons deeper in the section or downdip of the drill
site.

The 56-m gravity-flow deposit in Hole 540 apparently
spans a stratigraphic gap of over 30 Ma; an upper peb-
bly chalk contains upper Paleocene faunas and floras,
the 3-4-m graded sandstone-conglomerate contains pos-
sible Upper Cretaceous fossils, and the remaining peb-
bly chalks contain middle Cenomanian fossils. Thus, the
individual members of the composite unit, although ge-
netically similar, probably were deposited during several
different widespread episodes of erosion and deposition.
Based on sedimentary structures and textures, these beds
are interpreted to have been transported by mud flows,
debris flows, and turbidity currents. Seismic data sug-
gest that a source for the eroded shallow-water debris
was the Florida Escarpment to the east. Similar deposits
were encountered at nearby DSDP Site 97 (Worzel, Bry-
ant, et al., 1973).

Major changes in lithology and physical properties
correlate well with major seismic reflectors. The inferred
mid-Cretaceous unconformity (MCU) (Fig. 2) was pene-
trated in Hole 540, where it correlates approximately
with the top of the Cenomanian-Albian limestones. How-
ever, calculated reflections from the top of the 56-m Pa-
leocene-Cenomanian gravity-flow deposit and an Eo-
cene cherty limestone layer just above almost merge
with the Cenomanian reflector and cannot be easily dis-
tinguished from it with any certainty. The MCU at Site
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Figure 1. Location map of DSDP Site 97, 535, 539, and 540 in the southeastern Gulf of Mexico, western Straits of Florida. Locations of seismic Lines SF-15 and SF-22 are also shown.
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540, therefore, is best described as a “bundle” of un-
conformities or reflectors ranging in age from Cenoma-
nian to Eocene.

Below the MCU, two prominent unconformities (1 and
2) as well as several other prominent reflectors, clearly
correlate with major changes in lithology (Fig. 2). Un-
conformity 1, middle Albian in age and probably just
penetrated at the base of Hole 540, corresponds to the
top of a unit of slumps and debris flows that are charac-
terized by coarse neritic debris and a hummocky seismic
character (Fig. 2). Unconformity 2, Hauterivian in age,
marks the base of an abbreviated section of slowly de-
posited pelagic limestone and hardgrounds, which thick-
ens considerably to the east (Fig. 2). In addition, the
prominent reflector near the base of Hole 535 correlates
with a package of hard, condensed limestones with nu-
merous hardgrounds. Below the bottom of Hole 535,
the seismic data show a sequence at least 0.4 s thick with
a seismic character similar to that of the Lower Creta-
ceous section penetrated at 535 and 540. This similarity
suggests the presence of additional deep-water carbon-
ates, possibly of Late Jurassic age (Fig. 2).

BACKGROUND AND OBJECTIVES

A preliminary seismic stratigraphic analysis in the deep
southeastern Gulf of Mexico showed that the eastern
part of the study area is underlain by a thick sedimenta-
ry section, which can be subdivided into two major se-
quences separated by a prominent unconformity. This
unconformity is a key Gulf-wide seismic horizon char-
acterized by truncation, onlap or simply a strong reflec-
tor. The unconformity has been tentatively dated as
mid-Cretaceous based on correlation with nearby DSDP
Site 97 (Worzel, Bryant, et al., 1973) and with wells in
the northeastern Gulf shelf. The unconformity is desig-
nated as “MCU” for mid-Cretaceous unconformity.

One of the main objectives of Leg 77 was to drill the
MCU and sample the thick pre-mid-Cretaceous section
below it. This older section either crops out or subcrops
beneath a thin Cenozoic cover along the flanks of a
broad north-south erosional channel and is within easy
reach of the Glomar Challenger. 1t is up to 3 km thick
and overlies an irregular block-faulted basement. It was
postulated to represent a Jurassic through Lower Creta-
ceous sequence of nonmarine to shallow-marine sedi-
ments overlain by deep-marine sediments related to ba-
sin subsidence. The sequence had never been drilled be-
fore, although it originally was the objective of Site 97.
Drilling the MCU and the rocks below, therefore, would
provide important control points for interpreting the ear-
ly history of this part of the Gulf basin. These results
could then be tied to seismic data and extrapolated to
surrounding regions. Sites with these objectives were des-
ignated ENA-12 sites by the JOIDES Passive Margin
Panel.

A secondary drilling objective of Leg 77 was to inves-
tigate the post-MCU sedimentary and paleoceanographic
history of the western Straits of Florida region. This
could be accomplished by drilling a post-MCU section
in a nearby area, where it is relatively thick (ENA-13
sites). This objective could be partially satisfied by drill-
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ing an abbreviated post-MCU section while drilling the
ENA-12 sites.

The strategy of the ENA-12 sites, therefore, was to
drill a sequence of offset sites along the flank of the ero-
sional valley, in order to penetrate the maximum amount
of section with single-bit holes. At this location, base-
ment was over 2 km deep and was not an objective.
Basement was to be drilled at additional sites designated
ENA-14. This strategy proved quite successful; at Sites
535 and 540, designated as the “basin sites,” more than
1400 m of upper Miocene through Berriasian (lowermost
Cretaceous) deep-water limestones were recovered. The
holes penetrated the MCU and an almost complete Lower
Cretaceous sequence.

Before and during Leg 77, several primary and sec-
ondary ENA-12 sites were identified (ENA-12A through
ENA-12J), based on a preliminary seismic stratigraphic
analysis of the area. This analysis subdivided the pre-
MCU section into three major sequences separated by
two unconformities designated 1 and 2 (Fig. 2). ENA-
12B located along seismic Line SF-15 was the first site to
be drilled (Fig. 2). The final location chosen, which was
to become Site 535, was moved about 3.3 km southwest
of the original site to allow for a thicker section of soft
sediment in which to spud. The site was located in the
channel axis and was designed to drill the sequence be-
tween Unconformities 1 and 2 and also as much of the
sequence below Unconformity 2 as possible. It was an-
ticipated that the sequence between Unconformities 1
and 2 probably would represent the deep-water equiva-
lents of the Lower Cretaceous carbonate platforms that
rimmed the Gulf basin. It was hoped that the sequence
below Unconformity 2 would be Jurassic in age and rep-
resent the transition from shallow-water to deep-water
sediments.

The second basin site to be drilled was Site 539,
located farther updip from Site 535 along seismic Line
SF-15 and originally designated ENA-12J (Fig. 2). The
objective of this site was to drill the MCU and the
sequence between the MCU and Unconformity 1. A lo-
cation farther updip was then chosen with the same ob-
jectives as Site 539 but with a thicker Cenozoic cover in
which to spud. This site was designated ENA-12H and
later became Site 540. Again, the main objective was to
determine the nature and age of the MCU and the se-
quence directly below it. It was anticipated that this se-
quence also would be the deep-water equivalent of the
adjacent shallow-water Lower Cretaceous carbonate mar-
gins. A secondary objective of the site was the Cenozoic
cover, which had only been spot-cored at nearby Site 97
(Worzel, Bryant, et al., 1973).

OPERATIONS

Site 535

After the alignment and testing of the No. 3 genera-
tor, Glomar Challenger sailed from Ft. Lauderdale, Flor-
ida, at 1506 hr. on 27 December, for Site ENA-12B in
the western approaches of the Straits of Florida. Riding
against the Gulf stream all the way, average speed varied
from 8.2 to 8.6 knots. At 1300 hr., 28 December, after
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leaving the busiest part of the Straits, we started collect-
ing continuous records of magnetics, bathymetry (12-
kHz profiles, 3.5-kHz profiles), and seismic profiles us-
ing air guns (120 and 10 cu. in.).

We approached Site ENA-12B (future Site 535) on a
course of 234° at 7 knots, following seismic Line SF-15
for 26 km (Figs. 1 and 2). The air gun record was poor
because of a malfunctioning preamplifier in the stream-
er. However, a characteristic topography of erosional
scarps and terraces together with good Loran C cover-
age allowed us to accurately follow Line SF-15. At 0810
hr., 29 December, the beacon was dropped where the
soft sediment cover over the Cretaceous subcrops first
exceeded 100 m (3.3 km southwest of the originally des-
ignated position of ENA-12B) (Fig. 2).

The bottom-hole assembly was made up with a F94CK
bit and run in, starting at 0946 hr. At 1817 hr., 29 De-
cember, Site 535 was spudded in 3455.5 m water depth.
The mudline core was on deck at 1859 hr. After continu-
ously coring 154 m of Quaternary muds (Cores 1 through
17), we recovered Lower Cretaceous chalks at 1540 hr.,
30 December, in the bottom of Core 17. By evening, 2
January, we had recovered 42 cores of Lower Cretaceous
limestones with the 9.5-m barrel, but the time required
to cut a core had increased to more than 2 hr. The knob-
by pipe and 9.0-m core barrel were run in and used for
Cores 43 to 53. When drilling rates improved, the 9.5-m
barrel was inserted again and used for Cores 53 through
57. For the last part of the hole (Cores 58 through 79),
the 9.0-m barrel had to be used again.

By 8 January morning, wear of the bit became seri-
ous; drilling time for one core had increased to more
than 3 hr., recovery dropped to less than 20%, and core
diameter was down to 42 mm. Core 79, calculated to be
at a marked seismic reflector (Fig. 2), was thus desig-
nated the last core. It came on deck at 1234 hr., 8 Janu-
ary, and indeed indicated a considerable change in li-
thology and depositional environment. It was decided
to drill one more core to clarify the situation. While this
core was being cut, we lost circulation pressure and ap-
proximately 30,000 lb. of pull on the drill string, indi-
cating loss of the bottom-hole assembly. It was decided
that logging under these conditions represented too high
a risk because the tool might get caught at the end of
the broken pipe. The only safe option was to pull out of
the hole, and the hole was plugged with 100 sacks of ce-
ment because of hydrocarbon shows. At 2215 hr., 8 Jan-
uary, the pipe was on deck. It had sheared off at the sec-
ond joint above the bottom-hole assembly. The end of
the pipe was slightly bent and rugged. It was easy to vis-
ualize that either the logging tool would not pass or wire
would get entangled there.

At 2330 hr., 8 January, Glomar Challenger was un-
derway again for Site ENA-14C (Site 536). She had oc-
cupied Site 535 for 10 days, 15.3 hr., and drilled with a
single bit for 127 hr., 39 min. Core recovery averaged
over 71%. Contrary to most expectations, currents had
posed no problems at the site, although they intermit-
tently reached velocities of 2.5 knots. All objectives ex-
cept for logging had been accomplished. A summary of
the coring at Site 535 is included as Table 1.
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Table 1. Coring summary, Site 535.

Depth from  Depth below Length  Length

drill floor seafloor cored  recovered  Percent
Core Date Time (m) (m) (m) (m) recovery
Hole 535
(Dec. 80)
1 29 1859  3455.5-3458.0 0.0-2.5 2.5 2.45 98
2 29 2004 3458.0-3467.5 2.5-12.0 9.5 4.45 47
3 29 2115 3467.5-3477.0 12.0-21.5 9.5 6.67 70
4 29 2220 3477.0-3486.5 21.5-31.0 9.5 3.99 42
5 29 2330 3486.5-3496.0 31.0-40.5 9.5 T.24 76
L] 30 0046 3496.0-3505.5 40.5-50.0 9.5 8.57 90
7 30 0200 3505.5-3515.0 50.0-59.5 9.5 9.37 ]
8 30 0313 3515.0-3524.5 §9.5-69.0 9.5 9.23 97
9 0 0422 3524.5-3534.0  69.0-78.5 9.5 7.34 77
10 10 0535  3534.0-3543.5 78.5-88.0 9.5 6.46 68
11 30 0653 3543.5-3553.0  BR.0-97.5 9.5 9.83 100+
12 30 0806  1553.0-3562.5 97.5-107.0 9.5 6.63 70
13 30 1000 3562.5-3572.0 107.0-116.5 9.5 9.53 100+
14 30 1124 3572.0-3581.5  116.5-126.0 9.5 4.47 47
15 30 1241  3581.5-3591.0 126.0-135.5 9.5 6.70 Tl
16 30 1408  3591.0-3600.5  135.5-145.0 9.5 1.35 14
17 30 1540  3600.5-3610.0 145.0-154.5 9.5 100 32
18 30 1712 3610.0-3619.5  154.5-164.0 9.5 5.69 60
19 30 1958 3619.5-3629.0 164.0-173.5 9.5 9.97 100+
20 30 2235 3629.0-3638.5  173.5-183.0 9.5 9.92 100+
21 31 0118 3638.5-3648.0  183.0-192.5 9.5 6.61 70
22 3 0340  3648.0-3657.5  192.5-202.0 9.5, 9.83 100+
23 3 0600  3657.5-3667.0 202.0-211.5 9.5 8.40 88
24 31 0854 3667.0-3676.5  211.5-221.0 9.5 5.50 58
25 3l 1150 3676.5-3686.0 221.0-230.5 9.5 4.21 44
26 31 1436 3686.0-3695.5  230.5-240.0 9.5 0.85 9
27 31 1716 3695.5-3705.0  240.0-245.5 9.5 4.32 45
28 il 2021 3705.0-3714.5  249.5-259.0 9.5 9.99 100+
29 3l 2322 3714.5-3724.0  259.0-268.5 9.5 0.00
(Jan. 81)
30 1 0312 3724.0-3733.5  268.5-278.0 9.5 8.76 92
3 1 0631  3733.5-3743.0  278.0-287.5 9.5 9.66 100+
32 1 0906  3743.0-3752.5  287.5-297.0 9.5 4.95 52
33 1 1256  3752.5-3762.0 297.0-306.5 9.5 9.75 100 +
34 1 1550 3762.0-3771.5  306.5-316.0 9.5 3.20 34
35 1 1905 3771.5-3781.0  316.0-325.5 9.5 9.49 100
16 1 2201 3781.0-3790.5  325.5-335.0 9.5 8.07 85
37 2 0051  3790.5-3800.0 335.0-344.5 9.5 9.34 98
I8 2 0348 3800.0-3809.5 344.5-354.0 9.5 9.28 98
9 2 0647  3809.5-3819.0 354.0-363.5 9.5 8.43 89
40 2 1022 3819.0-3828.5  363.5-373.0 9.5 213 22
41 2 1415  3828.5-3838.0  373.0-382.5 9.5 9.50 100
42 2 1758  3838.0-3847.5  382.5-392.0 9.5 7.54 79
43 2 2119  3847.5-3836.5  392.0-401.0 9.0 15 9
44 2 2323 3856.5-3865.5  401.0-410.0 9.0 247 27
45 3 0153 3865.5-3874.5  410.0-419.0 9.0 0.31 3
46 3 0437 3874.5-3883.5  419.0-428.0 9.0 3.05 34
47 3 0723  3883.5-3892.5 428.0-437.0 9.0 217 24
48 3 1026  3892.5-3901.5 437.0-446.0 9.0 6.83 6
49 3 1309  3901.5-3910.5  446.0-455.0 9.0 5.85 65
50 3 1544 3910.5-3919.5  455.0-464.0 9.0 5.27 59
51 £ 1839 3919.5-3928.5  464.0-473.0 9.0 6.86 76
52 3 2315 3928.5-3933.0  473.0-477.5 4.5 5.75 100+
53 4 0207 3933.0-3942.5  477.5-487.0 9.5 7.89 83
54 4 0504  3942.5-3952.0  487.0-496.5 9.5 8.32 88
55 4 0824  3952.0-3961.5  496.5-506.0 9.5 8.62 91
56 4 1136  3961.5-3971.0  506,0-515.5 9.5 8.46 89
57 4 1521  3971.0-3980.5 515.5-525.0 9.5 9.64 100+
58 4 1914 3980.5-3989.5  525,0-534.0 9.0 B.05 89
59 4 2332 3989.5-3998.5  534.0-543.0 9.0 6.39 7
60 5 0531  3998.5-4007.5  543.0-552.0 9.0 8.76 97
61 5 1020 4007.5-4016.5  552.0-561.0 9.0 7.93 88
62 5 1439 4016.5-4025.5  561.0-570.0 9.0 8.12 %0
63 5 1748 4025.5-5034.5  570.0-579.0 9.0 6.80 76
64 5 2209 4034.5-4043.5  579.0-588.0 9.0 9.66 100+
65 6 0236 4043.5-4052.5 58B.0-597.0 9.0 8.30 92
66 6 0652  4052.5-4061.5  597.0-606.0 9.0 7.83 87
67 6 1229  4061.5-4066.0 606.0-610.5 4.5 6.40 100+
68 6 1623 4066.0-4075.0 610.5-619.5 9.0 71.26 Bl
69 6 2016  4075.0-4084.0  619.5-628.5 9.0 8.80 98
70 7 0035 4084.0-4093.0 628.5-637.5 9.0 8.00 89
71 7 0442  4093.0-4102.0 537.5-646.5 9.0 6.53 73
72 7 0750 4102.0-4111.0  646.5-655.5 9.0 5.92 66
73 7 1118 4111.0-4120.0  655.5-664.5 9.0 4.48 50
74 7 1436 4120.0-4129.0  664,5-673.5 9.0 344 38
75 7 1749 4129.0-4138.0 673.5-682.5 9.0 4.68 52
76 7 2213 4138.0-4147.0  682.5-691.5 9.0 3.69 41
77 8 0405  4147.0-4151.5  691.5-696.0 4.5 3.00 67
78 8 0737 4151.5-4160.5  696.0-705.0 9.0 1.37 15
9 8 1234 4160.5-4169.5  705.0-714.0 9.0 1.98 2
714.0 505.07 7
Site 539

Early on the morning of 18 January 1981, we ap-
proached Site 539 (ENA-12J) from the west collecting
magnetics, 12-kHz records for bathymetry, 3.5-kHz re-
cords for shallow sub-bottom penetration, and air gun



profiles for deep sub-bottom penetration. Two air guns
at 5§ and 40 cu. in. were used.

The beacon was dropped on the first pass over the
area at 0352 hr. in an area of very irregular bottom to-
pography. A shallow valley with flat sediment fill near
the beacon was chosen as the drill site after examination
of the precision depth recorder records. We encountered
considerable difficulty in relocating this area, which fi-
nally turned out to be only 200 m off the beacon. The
problem was caused by the time lag with which the com-
puter indicates the ship’s position. At 0910 hr. the ship
was in the desired position, and an attempt was made to
spud. The bottom-hole assembly was made up with a
F94CK bit and run in, and we finally spudded Hole 539
at 1536 hr. The mudline was cored at 3106 m and a 1-m
core was recovered. The second core was drilled to 6 m
before an extremely firm substratum was encountered.
The sediments were too stiff to wash and core without
rotation. No headway could be made, and the hole was
abandoned at 1640 hr. when the bit cleared the mudline.
The ship was repositioned about 850 ft. to the south.
Hole 539A spudded in at 2014 hr. at 3099.5 m water
depth and penetrated 7.5 m of sediment before again
hitting hard substratum. The core was pulled and stiff
Oligocene ooze was found in the bottom of the core bar-
rel. Again, these sediments were too firm to wash and
core without rotation. It was decided to abandon this
site and move to Site 540 (ENA-12H). The pipe was
pulled and we were underway by 0223 hr., 19 January. A
summary of the coring at Holes 539 and 539A is includ-
ed as Table 2.

Site 540

Glomar Challenger approached Site 540 (ENA-12H)
on 19 January 1981 early in the morning. Originally
ENA-12H was to be drilled in a valley with flat-lying,
probably Quaternary, sediment over Tertiary erosional to-
pography (Fig. 2). Site 539, which was located in the
same meandering valley as ENA-12H, had clearly shown
that the sediment fill was too thin to spud and the un-
derlying sediment was too hard to penetrate without ro-
tation. Site ENA-12H (540) was thus shifted from Line
SF-15 to Line SF-22 and relocated 30 m above the valley
floor where younger and softer Tertiary sediments could
be expected (Fig. 5). Underway from Site 539, the ship
surveyed the area with 3.5-kHz and 12-kHz profilers,
and dropped the 13.5-kHz beacon on the bench at 0330
hr., 19 January. Using the beacon for precise position-

Table 2. Coring summary, Site 539.

Date Depth from Depth below  Length Length
(Jan. drill floor seafloor cored  recovered Percent
Core 1981) Time (m) (m) (m) (m) recovery

Hole 539

1 18 1614  3106.0-3107.0 0.0-1.0 Lo 0.83 83
2 18 1723 3107.0-3113.0 1.0-7.0 6.0 .57 60
7.0 4.40 63

Hole 53%9A
1 18 2051  3099.5-3107.0 0.0-7.5 7.5 7.23 96

7.5 7.23 96

SITES 535, 539 AND 540

ing, the area was surveyed for the best location to spud,
and the ship was finally positioned about 400 m north
of the beacon on a flat spot.

The bottom-hole assembly, made up with a F94CK
bit and three bumper subs, was run in. Hole 540 was
spudded at 1051 hr.; the mudline core was on deck at
1127 hr. The anticipated problems with spudding were
soon to follow. Below 4 m of soft sediment, we immedi-
ately encountered very stiff ooze and later chalk layers
that had to be penetrated with extreme caution. At 1920
hr., the first bumper sub was buried and we could start
rotating. Continuous coring was interrupted twice to take
heat flow measurements at 52 and 71 m. Drilling in un-
derlying chalk and limestone proceeded quickly and on
24 January, 1303 hr., the hole was terminated at 745.5
m, following instructions from the JOIDES Pollution
Prevention and Safety Panel. After 1 hr. of circulating,
the go-devil was lowered to release the bit and start log-
ging. When the bit could not be dropped, the overshot
was brought back on deck after shearing the pin. A sec-
ond attempt was equally unsuccessful. In the third at-
tempt, a core barrel was lowered to pick up the go-devil;
it too was stuck. With no possibility of releasing the bit,
we had to abandon plans for logging and trip out. The
pin on the overshot was sheared again and the tool
brought back on deck. Trip out began at 2010 hr. The
mudline was cleared at 2204 hr. and on 25 January, 0305
hr., the bit was on deck. After clearing the derrick floor
and magnafluxing the bottom-hole assembly, Glomar
Challenger headed for San Juan, Puerto Rico at 0748
hr., 25 January 1981.

Site 540 had been occupied for 124 hr., with 745 m
(79 cores) drilled; that is slightly more than 1% hr. per
core, including the trips. Strong currents of up to 2.5
knots were felt intermittently at the site. The combina-
tion of currents with heavy seas and winds at 30-40 mph
forced us to briefly interrupt drilling twice on 23 Jan-
uary, but the ship never went off station by more than
100 m. A summary of the coring at Site 540 is included
as Table 3.

SEDIMENTOLOGY

Site 535

The sedimentary succession at Site 535 was divided
into five units as summarized on Table 4 and in Figure 3.

The boundary between Units I and II was taken at
the top of the core catcher in Core 17 with the first ap-
pearance of gray limestones. Below this boundary (which
is lithologically, seismically, and stratigraphically distinct)
the problem of subdivision becomes greater because of
the much more subtle variations in sediment type. The
most conspicuous and interesting feature of the succes-
sion between the base of Unit I and the bottom of the
hole is the cyclic alternation of sediments. Five different
types of cycles were observed (see Figs. 6 and 7):

Type A includes light and dark color alternations within
laminated sediments; periodicity of the dark layers var-
ies from 5 to 35 cm (typical color ranges given in Fig. 6).

Type B consists of light and dark color alternations,
where the dark layers are laminated or sparsely biotur-
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Figure 5. Annotated seismic Line SF-22 through DSDP Sites 97 and 540. See text for explanation of seismic markers and

stratigraphy. Circled numbers are unconformities.

bated and where bioturbation increases and reaches a
maximum in the light-colored layers. These cycles are
both symmetrical and asymmetrical, the latter showing
sharp upward changes from light to dark.

Type C includes light and dark color alternations of
strong contrast where the lightest layers are conspicuous
light gray to very light gray, massive, ammonite-bearing
limestones and the darkest layers olive black marly lime-
stones (and rarely olive black shales). These cycles are
also both symmetrical and asymmetrical, and analogous,
although more extreme, to Type B.

Type D cycle indicates relatively dark (olive gray) bio-
turbated layers alternating with thin (less than § cm)
light-colored bands at about 35-60 cm intervals. The
base of the light-colored layers is usually sharp, but may
in part be bioturbated.

Type E includes generally light-colored bioturbated
beds with periodic, comparatively thin, dark, slightly
bioturbated or laminated bands with apparent periodic-
ities of 10-50 cm.

Intervals showing Type C cycles were the most litho-
logically distinct because of the presence of the massive
very light gray to light gray limestones and sharp, finely
laminated olive black marly limestones. The appearance
of these lithologies and the presence of these type of cy-
cles were therefore used as the main criterion for distin-
guishing Units II to V. Both Units III and V are charac-
terized by Type C cycles. The boundary between Units
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II and III was taken at the top of the first massive, light-
colored limestone band, and the boundary between Units
II1 and IV was taken as the base of the last massive
white limestone in this part of the succession. The bound-
ary between Units IV and V was taken at the top of
the first, pure, massive, light-colored limestone, where
both these and alternating olive black and olive gray
marly limestones become abundant. This transition
from Units IV to V is also marked by the decrease of
‘“cross lamination,” the reappearance of ammonite-rich
limestones with hardgrounds, common stylolites, and
the occurrence of a few swelling, kaolinite-montmoril-
lonite-smectite (“bentonite) clay layers in Sections 535-
68-5, 535-69-4, and 535-70-1. The boundary is also indi-
cated by a change in the apparent periodicity of the cy-
cles (see Fig. 7).

Although the lithologic basis for the division of Units
II-V is relatively subtle, a fair degree of correlation ex-
ists between these and the divisions defined by seismic
stratigraphy and physical properties (Fig. 3). The signifi-
cance of the cyclic sedimentation will be discussed at the
end of this section. The increasing proportions of bio-
turbated sediment at the base of Unit V may indicate yet
another facies change at or near the bottom of the hole.

Montmorillonite and illite are the common back-
ground clays throughout the limestone section at this
site. Kaolinite is conspicuously present in Cores 20 to 33
where redeposited skeletal debris is common. Kaolinite



Table 3. Coring summary, Site 540.

Date Depth from  Depth below Length  Length
(Jan. drill floor seafloor cored  recovered  Percent
Core 1981) Time {m) {m) (m) (m) recovery
Hole 540

1 19 1127 2940.5-2945.0 0.0-4.5 4.5 4.22 94

2 19 1234 2945.0-2954.5 4.5-14.0 9.5 9.68 100+
3 19 1338 2954.5-2964.0 14,0-23.5 9.5 6.30 66
4 19 1438 2964.0-2973.5 23.5-33.0 9.5 6.54 69
5 19 1539 2973.5-2983.0 33.0-42.5 9.5 1.69 9
6 19 1638 2983.0-2992.5 42.5-52.0 9.5 .72 18
7 19 1920 2992.5-3002.0 42.0-61.5 9.5 6.87 72

8 19 2029  3002.0-3011.5 61.5-71.0 9.5 9.87 100+
9 19 2329 3011.5-3021.0 71.0-80.5 9.5 7.98 84
10 20 0037  3021.0-3030.5 80.5-90.0 9.5 6.49 68
11 20 0141 3030.5-3040.0 90.0-99.5 9.5 B.17 B6
12 20 0240  3040.0-3049.5 99.5-109.0 9.5 7.19 76
13 20 0334 3049.5-3059.0 109.0-118.5 9.5 B.82 93
14 20 0430  3059.0-3068.5 118.5-128.0 9.5 9.31 98
15 20 0531  3068.5-3078.0 128.0-137.5 9.5 6.30 66
16 20 0633 3078.0-3087.5 137.5-147.0 9.5 8.57 90
17 20 0728  3087.5-3097.0 147.0-156.5 9.5 9.10 96
18 20 0822  3097.0-3106.5 156.5-166.0 9.5 6.42 68
19 20 0922  3106.5-3116.0 166.0-175.5 9.5 7.56 80
20 20 1021 3116.0-3125.5  175.5-185.0 9.5 4.77 50
21 20 1120 3125.5-3135.0  185.0-194.5 9.5 L1 33
22 20 1222 3135.0-3144.5  194.5-204.0 9.5 0.87 9
23 20 1326  3144.5-3154.0 204.0-213.5 9.5 597 63
24 20 1423 3154.0-3163.5 213.5-223.0 9.5 1.75 82
25 20 1524  3163.5-3173.0 223.0-232.5 9.5 4.37 46
26 20 1633 3173.0-3182.5  232.5-242.0 9.5 4.80 51
27 20 1733 3182.5-3192.0 242.0-251.5 9.5 1.42 15
28 20 1845  3192.0-3201.5 251.5-261.0 9.5 3.08 32
29 20 1945  3201.5-3211.0 261.0-270.5 9.5 348 a7
30 20 2053 3211.0-3220.5 270.5-280.0 9.5 2.53 27
31 20 2215 3220.5-3230.0  280.0-289.5 9.5 293 3
32 21 0003  3230.0-3239.5  289.5-299.0 9.5 2.61 27
13 21 0212 3239.5-3249.0 299.0-308.5 9.5 1L.74 18
34 21 0336 3249.0-3258.5 308.5-318.0 9.5 0.83 9
35 21 0519  3258.5-3268.0 318.0-327.5 9.5 1.40 15
36 21 0641  3268.0-3277.5  327.5-337.0 9.5 1.05 11
37 21 0807 3277.5-3287.0 337.0-346.5 9.5 2.54 27
38 21 0916  3287.0-3296.5 346.5-356.0 9.5 0.47 5
9 21 1112 3296.5-3306.0 356.0-365.5 9.5 1.75 18
40 21 1256  3306.0-3315.5  365.5-375.0 9.5 1.41 15
41 21 1434 3315.5-3325.0 375.0-384.5 9.5 1.78 19
42 21 1620  3325.0-3334.5  384.5-394.0 9.5 3.0 34
43 21 1800  3334.5-3344.0 394.0-403.5 9.5 2.36 25
44 21 2019 3344.0-3353.5  403.5-413.0 9.5 2.70 28
45 21 2211 3353.5-3363.0  413.0-422.5 9.5 3.2% 34
46 22 0001  3363.0-3372.5 422.5-432.0 9.5 2.06 22
47 22 0119 3372.5-3382.0 432.0-441.5 9.5 298 k11
48 22 0305  3382.0-3391.5 441.5-451.0 9.3 2.01 21
49 22 0435 3391.5-3401.0 451.0-460.5 9.5 1.03 1
50 n 0604  3401.0-3410.5  460.5-470.0 9.5 2.30 24
51 2 0723 3410.5-3420.0  470.0-479.5 9.5 0.53 6
2 2 1002 3420.0-3429.5  479.5-489.0 9.5 2.90 k11
53 22 1149 3429.5-3439.0 489.0-498.5 9.5 1.04 11
54 22 1341  3439.0-3448.5 498.5-508.0 9.5 6.44 68
55 2 1515  3448.5-3458.0 508.0-517.5 9.5 4.77 50
56 2 1647  3458.0-3467.5 517.5-527.0 9.5 3.98 42
57 22 1819  3467.5-3477.0 527.0-536.5 9.5 3.43 36
58 2 1951  3477.0-3486.5  536.5-546.0 9.5 298 3
59 22 2121 3486.5-3496.0  546.0-555.5 9.5 5.32 56
60 2 2303  3496.0-3505.5 555.5-565.0 9.5 3.15 33
61 23 0044  3505.5-3515.0 545.0-574.4 9.5 1.10 12
62 23 0234 3515.0-3524.5 574.4-584.0 9.5 3.55 37
63 23 0414  3524.5-3534.0 584.0-593.5 9.5 2.58 27
64 3 0558  3534.0-3543.5  593.5-603.0 9.5 1.21 13
65 23 0737 3543.5-3553.0 603.0-612.5 9.5 1.48 16
66 23 0909 3553.0-3562.5 612.5-622.0 9.5 348 37
67 23 1102 3562.5-3572.0 622.0-631.5 9.3 4.75 50
68 <] 1310 3572.0-3581.5 631.5-641.0 9.5 7 3
69 23 1540  3581.5-3591.0 641.0-650.5 9.5 6.02 64
70 23 1813 3591.0-3600.5  650.5-660.0 9.5 8.78 92
T 23 1958  3600.5-3610.0 660.0-669.5 9.5 5.43 57
72 23 2230 3610.0-3619.5 669.5-679.0 9.5 7.76 82
73 24 0145  3619.5-3629.0 679.0-688.5 9.5 5.90 62
74 24 0312 3629.0-3638.5 688.5-698.0 9.5 3.86 41
75 24 0435 3638.5-3648.0 698.0-707.5 9.5 1.50 2
76 24 0605 3648.0-3657.5 707.5-717.0 9.5 2.66 28
77 24 0753 3657.5-3667.0 717.0-726.5 9.5 4.36 46
78 24 1055  3667.0-3676.5  726.5-736.0 9.5 7.59 B0
79 24 1303 3676.5-3686.0  736.0-745.5 9.5 8.68 91
745.5 335.75 45

also occurs in Cores 66 and 69 to 71. In both cases, the
kaolinite may indicate redeposition. The deeper occur-
rence may support the above suggestion that the base of
the section approaches a facies change.

SITES 535, 539 AND 540

Unit I (0.0-154.3 m)
Core 535-1 to 535-17-7, 30 cm
Holocene to upper Pleistocene

Olive gray to grayish olive clays and muds with sub-
ordinate yellowish brown to light brownish gray forami-
niferal muds, olive gray to light olive gray muddy fora-
minifer ooze and light olive gray nannofossil clay make
up Unit I.

The description of this sequence is based primarily
on the texture and composition of the sediments, be-
cause strong drilling disturbance in Cores 6 through 17
resulted in the widespread destruction of the original
sedimentary fabric and did not permit the recognition
of primary and secondary sedimentary structures. The
unit consists of a homogeneous sequence of slightly cal-
careous to calcareous olive gray clays and muds with
minor amounts of sandy mud, foraminiferal mud, and
muddy foraminifer ooze. The uppermost 60 cm is a yel-
lowish brown to light brownish gray foraminiferal mud
containing less than 30% foraminifers and less than 13%
pteropods, but this rapidly gives way to a monotonous
sequence of olive gray muds and clays. In Cores 1 and 3,
sandy muds with up to 30-50% quartz grains are present,
but in the remainder of the unit the dominant lithologies
contain less than 5% quartz, although rare deformed
sandy laminae and burrow fills do occur. Trace amounts
of glauconite are common. Where present, the main bi-
ogenic components of these sediments are foraminifers
(e.g., as recorded above and in patches of muddy fo-
raminiferal ooze in Cores 12 and 14); siliceous micro-
fossils rarely exceed 1%, and calcareous nannofossils
constitute generally less than 3% except in rare, pale-
colored, streaky burrow fills in which 20-30% were re-
corded. Shell debris was noted only once (in Core 12);
pteropods were not observed below Core 1, and only a
few percent of other biogenic constituents (e.g., tunicate
and holothurian spicules and calcispheres in Cores 12 to
14) were encountered in the smear slides. The main cal-
careous component of the muds and clays is silt-size
grains of unspecified carbonate; four carbonate bomb
determinations gave results ranging from 10 to 60%.
Wood fragments (including small twigs) are common in
parts of this sequence and the Rock-Eval pyrolysis results
indicate that the organic content of the sediments is pre-
dominantly and almost exclusively land derived. Six
samples from Unit I yielded an average organic carbon
value of 1.2%.

Although drilling disturbance disrupted most of the
primary sedimentary structures, it seems likely that many
of the deformed coarser laminae may have been small
intercalated turbidites; one such sandy mud layér in the
core catcher of Core 16 exhibits grading and a sharp ba-
sal contact. The calculated sedimentation rate for Unit I
is 616 m/Ma. Such a high sedimentation rate suggests
that Unit I may have been deposited from low-energy
turbidity currents or from nepheloid layers. Most of the
sediment was probably derived from the Mississippi Del-
ta system. Seismic lines indicate that Site 535 is situated
at the distal edge of the Mississippi Fan. Some angular
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Table 4. Summary of lithologic units, Hole 535.

Base
Thickness  Sub-bottom Core-

Recovery
Age Unit Main lithology (m) depth (m) Section (approximate %)
Holocene-late Pleistocene I Mud and clay 154.3 154.3 17-7 70
Cenomanian(7}-early Albian(?) 11 Limestone 233.2 387.5 42-4 75
early Albian-late Hauterivian . g 79.05 466,55 51-2 40
late Hauterivian-carly Valangini IVJ> i anc mary 146,65 613.2 68-2 90
early Valanginain-late Berriasian v Inesiong 100.8 714.0 (T.D.) 79-1 57

Note: T.D. = terminal depth.

components of the coarse fraction may have been de-
rived from a nearer source, such as Cuba.

Unit IT (154.3-387.5 m)
Core 535-17,CC to 535-42-4, 47 cm
Cenomanian(?) to upper Albian(?)

This unit consists of banded, laminated, variably bio-
turbated and, in part, cross laminated alternations of
yellowish gray, light olive gray, greenish gray to dark
greenish gray limestones. Texturally, these limestones are
predominantly mudstones but with laminae and beds of
coarse silt to very fine sand-grade wackestones, pack-
stones and grainstones and subordinate skeletal (oyster-
rudist) grainstone beds.

Unit II can be divided into two parts on the basis of
the more pronounced cyclicity in the lower division. The
first interval spans 147.2 to 259.0 m and includes 535-
17,CC to 535-28,CC. From 535-17,CC to 535-20-4, the
sediments consist of light olive gray to greenish gray lime-
stones that are predominantly laminated and only rarely
bioturbated. Texturally the limestones are peloidal mud-
stones, but they contain common coarse silt to very fine
sand-grade laminae and beds (less than 1 mm-3 cm
thick) of shallow-water skeletal material. Some of these
coarser layers are cross laminated. Slight color banding
with a periodicity of less than 5-15 cm is apparent in the
mudstones (these are the Type A cycles discussed previ-
ously). From 535-20-5, bioturbation becomes more com-
mon and predominates from 535-21-3 to 535-24-2, gen-
erally destroying any fine microlaminations but leaving
centimeter scale color banding relatively intact. Below
535-21-2, silt-grade to sand-grade shallow-water skeletal
material becomes more abundant, and from 535-22-5
to 535-24-4 irregular bioturbated skeletal limestone beds
(generally about 3-5 cm but up to 30 cm thick; e.g.,
Fig. 8) and shelly burrow fills are common. These shelly
beds are mostly fine-to-medium sand-sized grainstones
but contain scattered very coarse to granule-size frag-
ments. Thin sections of this material generally contain
5-35% peloids, 20-35% oyster debris, approximately 10%
rudist fragments, 5-10% echinoderm debris, 10-30%
foraminifers, and rare ooids. The thicker beds also con-
tain 10-50% sand-size lithoclasts of foraminiferal wacke-
stone. Observed in the bioturbated interval from 535-
22-24, was the only occurrence of Type D cycles at this
site. These cycles exhibit an apparent periodicity of 35-
60 cm. Coarser shelly laminae are scattered throughout
these cycles. Based on the fauna, the skeletal limestone
beds probably represented redeposited sediments from
shallower water; however, this inference could not be
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supported by diagnostic sedimentary structures because
the beds have been homogenized by burrowing.

From 535-25-1 to the base of this first interval
(535-28,CC), the sediments are predominantly laminated.
Some sections contain minor bioturbation (less than
20%). Weak color banding with a periodicity of less
than 5-20 cm is the most striking feature of this interval
(5-20 cm, Type A cycles). Below 535-25-1, the abun-
dance of skeletal material decreases sharply, occurring
only in thin (less than 1 cm) grainstone laminae. These
grainstones are dominated by peloids, unspecified mol-
lusc debris, and benthic foraminifers. The mudstones are
similar to those in the upper laminated part of the inter-
val; they both are peloidal and contain scattered calci-
tized radiolarians. Thin layers of diagenetic celestite-
strontianite were observed in 535-27-3 and 535-28-6.
The average carbonate content of the lighter-colored
limestone layers in this interval is 95.4% (eight samples)
and that of the darker limestone layers, 88% (eight sam-
ples). Five samples from this interval have an average or-
ganic carbon value of 0.43%.

The second interval occurs between 268.5 and 387.5 m
and spans 535-30-1 to 535-42-4. (No material was recov-
ered in Core 29.) The principal distinction between the
lower and upper interval of Unit II is the stronger cyclic-
ity exhibited in the lower part of the sequence. The col-
or contrasts between the end member lithologies (i.e.,
darker marly limestones and lighter limestones) become
stronger, and the alternations between bioturbated and
laminated intervals increase in frequency, with bioturbat-
ed limestones slightly predominant overall (approximately
60%). Several different types of cycles are present in-
cluding A, B, and E (see Figs. 6 and 7) but the general
periodicity is much the same as in the upper interval
(10-20 cm).

The sediments of the lower interval of Unit II consist
of dark greenish gray to greenish gray laminated or var-
iably bioturbated limestones alternating with lighter-
colored, yellowish gray, light gray, or light olive gray
bioturbated or laminated limestones. The light-colored
limestones contain an average carbonate content of
92.2% (13 samples), and the darker layers average
72.4% (eight samples). The former are much the same
as their equivalents in the upper interval, but the latter
are significantly more carbonate poor. Only one darker
layer (in 535-35-5) was sufficiently low in carbonate to
be classified as a marly limestone. Texturally, the lime-
stones in the lower interval are (peloidal) mudstones,
but down to 535-30-6 and in 535-37-42 there are spo-
radic coarse silt-size to very fine sand-size wackestone to
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Type A
= —=—— Light olive gray (5Y /1), light greenish gray
(5GY 8/1), or greenish gray (5GY 6/1) Rhythmic alternation of light and dark laminated
= sediments.
5-35¢cm = Interpretation: Rhythmic changes in sediment or-
- ganic content resulting from climatically controlled
= ~=—— Greenish gray (5GY 6/1), dark greenish gray bottom water oxygenation cycles; conditions remain
(5GY 4/1), or olive gray (5Y 4/1-5Y 3/2) andarobije,
Typa B
= % = —=— Greenish gray (SGY 6/1), dark greenish
— gray |5GY 4/1) or olive gray (5Y 4/1—
i H 5Y 3/2) ey Rhythmic alternation of light (bioturbated) and dark
5 L N $$ (laminated) sediments.
25-120 cm 4 N $5¢ Light bluish gray (5B 7/1), very light gray Interpretation: Like A but with periods of gradual or
N 5 (N8), light gray (N7), light olive gray sudden bottom oxygenation, followed by rapid or
§ $ (5Y 6/1) gradual deoxygenttion,
= H —E - "=~ Colors transitional
Asymmetrical Symmetrical
Type C
= = —=— Olive black (5Y 2/1)
i ¢
N —=—— Light gray [N7), greenish grays (5E 8/1, Like B but with ter lithologi —
5 = 55 5GY 6/1,5G 6/1, SEY 4/1), and olive ike B but with greater lithologic contra
15-50 em? 1 | $¢ grays (5Y 6/1, 5Y 4/1) Interpretation: Cyclic deoxygenation and reoxygen-
Y — ~J i 5 i i ation but more extreme; probable condensing in the
AAAAA — —~ 58 White (N9), ‘:'GN light gn?v "\_I?I' may have white limestone and black marly limestone.
=_ — bluish, purplish, or greenish tints
Asymmetrical Symmetrical
Type D
S50
5 : —=—— Yellowish gray (5Y 8/1), light olive gray (5% 6/1), greenish
555 gray (5GY 6/1) Relatively dark bioturbated sediments with periodic
lighter bands with sharp bases.
20—-60 cm Interpretation: Lighter-colored layers may represent
$ —=—— Greenish gray (5GY 6/1) to dark greenish e or. brief ox ol
$a5 1 gray (5GY 4/1)
$
Asymmetric (sharp base)
Type E
—=—— Greenish gray (5GY 6/1), dark greenish gray (5GY 4/1), ; ;
or olive gray (5Y4/1-5Y 3/2) Light-colored bioturbated sediments with periodic
thin, dark laminated or slightly bioturbated bands.
10-50 cm Interpretation: Cyclic deoxygenation events or per-
iodic arganic matter supply in a generally aerobic
—~=— Light bluish gray (5B 7/1), very light gray (N8}, yellowish enviranrism. °
gray (SY B/1), light olive gray (5Y 6/1}, or greenish gray
(BGY 6/1)
Lighter-colored, Olive black T ™ White or very = Laminated §=* $%* 555 |ncreasing
lami 1 i marly limestone J—|—I@ﬁ- light gray {no bioturbation) bioturbation
= limestone . —— I
Darker-colored, ) with ammaonites 6 Ammanies e I;:!i]:a:irun
: ; Light-colored e
laminated limestone— ; ~ Aptychi
marly Ii limestone Pty sansn Stylolites

Figure 6. Idealized cycle types from Units 1I-V, Site 535.

packstone laminae and lenticules, some of which are
cross laminated (Cores 30 and 39). The distribution of
coarser skeletal debris as burrow fills shows a somewhat
different pattern and these were recorded in Cores 31,
36, 37, and 38. The normal mudstones consist of dark
and light micrite laminae, and variably peloidal, and con-

tain small amounts of calcitized radiolarians, planktonic
foraminifers, mollusc “filaments,” dolomite rhombs, and
pyrite. Macroscopic pyrite was noted in Cores 31, 33,
and 36, but framboidal pyrite is probably ubiquitous.
The intercalated wackestone and packstones contain 10
to 35% (coarse silt-size to very fine sand-size) peloids
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Figure 7. Bioturbation trends, distribution of cycle types and normal range of observed cycle periodicity at Site 535. Bioturbation trend calculated
from core photographs. Asterisk after core number indicates poor recovery.
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Figure 8. Limestone from Site 535 showing abundant skeletal debris
mixed with mudstone by burrowing; Sample 535-23-1, 20-40 cm.
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and lesser amounts (approximately 10%) of recrystal-
lized planktonic and/or miliolid foraminifers, mollusc
filaments, and calcitized radiolarians. The most coarse-
grained packstones contained up to 10% shell and echi-
noderm debris. The coarse shallow-water skeletal mate-
rial is apparently absent below Core 42 in this unit.

In Sections 535-34-2, 535-34-3, 535-35-1, 535-35-2,
535-36-1, and 535-36-2, intervals of curved and planar
laminae (“en echelon laminae”) were observed. The best
example of this sedimentary structure is shown in Figure
9. These also occur in Unit IV but are less well devel-
oped. This structure has a very strong resemblance to
the wavy bedding produced in low-amplitude ripple drift
sets. Thickening and thinning of the component lami-
nae seems much more common than truncations of one
set against another. However, truncations do occur and
although we could not always determine whether this
was due to ripple migration across an erosional or depo-
sitional surface or to small shear planes, we have little
doubt that features such as those shown in Figure 9 re-
flect traction current deposition. (See Patton et al., this
volume, for a discussion of the pelletal nature of these
limestones.) Other examples of wavy laminations in these
cores may be due to small-scale slump features or dia-
genesis. Very similar bedding types have been reported
from the Quaternary sediments of the continental slope
of the Gulf of California where they mark “micro-un-
conformities” in the sequence (e.g., DSDP Leg 64; Cur-
ray, Moore, et al., 1982). Bioturbation is predominantly
expressed as unidentifiable mottling. However, Plano-
lites burrows are common, and one excellent example of
Zoophycos was recorded in 535-32-1, 87 cm.

Other features worthy of note in this interval include
patches of celestite-strontianite crystals associated with
burrows in Sections 535-30-5, 535-37-1, and 535-38-7.
These occur as a thin layer in Section 535-39-6, a frac-
ture lining in Section 535-39-5, and as disseminated crys-
tals in Sections 535-38-4 and 535-39-1. Irregular, possi-
bly stylolitic (“horse-tail”) laminae were observed in
Section 535-31-3; single, subvertical stylolites occur in
Sections 535-36-1 and 535-37-2, and subhorizontal sty-
lolites occur in Sections 535-38-3 and 535-38-4. Three
samples gave an average organic carbon value for the
lower interval of Unit II as 2.35%. Rare ammonites
were recorded in Sections 535-31-1, 535-31-2, and 535-
36-4.

Unit ITI (387.5-466.44 m)
Core 535-42-4, 47 cm to 535-51-2, 105 cm
Albian(?) to upper Hauterivian

Cyclic alternations of banded, laminated, and varia-
bly bioturbated light olive gray, olive gray, light greenish
gray to greenish gray limestones to marly limestones;
laminated, organic matter-rich olive black marly lime-
stones; and very light gray to light gray ammonite-bear-
ing, bioturbated, massive limestones. Texturally the sed-
iments are predominantly mudstones.

The upper and lower boundaries of Unit III are taken
at the top and base, respectively, of the first and last
massive, light gray, pure limestones observed in this part
of the section. The sharp lithologic contrasts that char-
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Figure 9. Cross laminations and wavy laminations in pelletal lime
mudstone at Site 535. Note variability in thickness and direction of
sets. Also note apparent truncation surfaces (e.g., about 144 cm).
Sample 535-34-2, 115-150 cm. See text for further discussion.

acterize this unit clearly delineate this interval from the
more monotonous limestones that occur above and be-
low it. The typical feature of this sequence is the pres-
ence of high-amplitude, Type C cycles (see Figs. 6 and
10), which consist of three distinct lithologies described
below:

1. Olive black marly limestones. These rocks gener-
ally occur as sharply defined 5-10 cm thick beds. They
are microlaminated and often speckled due to the pres-
ence of white to light gray, compacted sand-size pellets,
which are most abundant in the top and/or basal few
millimeters of the beds. Four samples gave an average
carbonate content of 51.2%. In smear slides and nan-
nofossil preparations, 10-30% nannofossils and 2-30%
dolomite rhombs were recovered, but the most consis-
tently abundant carbonate component is crystalline cal-
cite (10-50%). The average organic carbon value for
these sediments is 4.7% (four samples) with predomi-
nantly type II kerogen.

2. Light olive gray to olive gray, light greenish gray
to greenish gray limestones. This lithologic component
of the Type C cycles varies from laminated (particularly
adjacent to Lithology 1 above) to slightly bioturbated
and irregularly laminated (in transition to Lithology 3
below). It is essentially equivalent to the laminated lime-
stones in Unit II and occurs in beds ranging from 5 up
to approximately 80 cm in thickness. Thin sections indi-
cate a composition of micrite and “flakes” of organic
matter, small amounts of calcitized radiolarians and fora-
minifers, and up to 5% dolomite rhombs, which appear
to be concentrated in the darker laminae (identification
verified for several samples with X-ray diffraction). Sty-
lolites are common in this lithology. Scattered aptychi
are also a conspicuous feature of this sediment, but am-
monite body fossils appear to be very rare. Where bio-
turbation can be identified, it is primarily of the Plano-
lites type. Average organic carbon is 1% (three samples).

3. Light gray to very light gray limestone. This lime-
stone normally occurs as massive beds ranging from 5-
20 cm in thickness that have normally been broken up to
varying degrees during drilling. Apart from their very
light color, their most conspicuous (but not consistent)
feature is the presence of ammonite phragmocones, which
are most abundant in the beds in Cores 43 to 47. The
ammonites are generally preserved as casts and molds,
usually infilled with micrite and with relatively common
geopetal fabrics (see Fig. 11). Phylloceratid and bacu-
litid forms were identified; two belemnites were also ob-
served, one in Section 535-48-2 and one in Section 535-
49-1. Five carbonate determinations gave an average
value of 93.8% for these limestones. In thin section they
are mudstones containing small scattered amounts of py-
rite, planktonic foraminifers, mollusc “filaments,” and
calcitized radiolarians; smear slides indicate up to 40%
(or possibly more) calcareous nannofossils, often includ-
ing abundant nannoconids. These limestones tend to have
a very uniform appearance, and mottling is generally
very weak; good Chondrites burrows are often present,
but identifiable Planolites burrows are usually rather
sparse. Both the Chondrites burrows and the ammo-
nites tend to be more common at the top of the lime-
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Figure 10. Core photo showing example of Type C sedimentary cycle.
See text for explanation. Sample 535-46-2, 0-50 cm.
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stone beds. Some of the beds show sharp upper contacts
with the olive black marly limestones somewhat reminis-
cent of hardgrounds.

The poor recovery in Unit III, presumably caused by
the pronounced differences in the competence of the
three lithologies, prevents any precise analysis of this cy-
clic sedimentation. Both the periodicities and relative
proportions of the different sediments may have been
significantly modified. The best cycles were recovered in
Sections 535-43-3 and 535-43,CC, and Cores 44, 46,
and 47. From Core 48 to the base of the unit (where re-
covery is much better than in Cores 43 through 47), the
black marly limestones and white limestones exhibit a
reduction in intensity and frequency at the expense of
Lithology 2 above. In this lower part of the unit, the
true black marly limestone bands tend to be replaced by
interbedded Lithologies 1 and 2. The poor recovery pro-
hibits any conclusions on the periodicity of these cycles,
particularly since the cycles here are not simple 1-2-1-2
alternations as in Unit II. The cycles do appear, how-
ever, to be symmetrical (in terms of the order, if not of
the relative thickness, of each of the components) with
a possible tendency for sharp asymmetric changes be-
tween Lithologies 3 and 1. The predominant “back-
ground” sediment is laminated olive gray limestone.
The abundance of black shale type sediments and am-
monite-rich limestones in this unit is suggestive of over-
all slower sedimentation rates, and this is supported by
the calculated sedimentation rate of 5-6 m/Ma.

Unit IV (466.55-613.2 m)
Core 535-51-2, 105 cm to 535-68-2, 120 cm
upper Hauterivian to lower Valanginian

This unit consists of banded laminated and variously
bioturbated alternations of very light gray, light gray,
light olive gray, greenish gray limestones (mudstones)
and olive gray, dark greenish gray, and olive black marly
limestones (mudstones).

The upper interval of Unit IV, between 466.55 and
503.7 m (535-51-2 to 535-55-5), consists of a predomi-
nantly laminated sequence of banded olive gray to light
olive gray limestones and marly limestones. The only
class of cycle present is Type A (color alternations with-
in completely laminated sediments), but the lighter-col-
ored laminated zones are both horizontally laminated and
cross laminated (the “en echelon” structure described
for Unit II). Two light-colored bands average 85% car-
bonate and two darker bands, 70.5%; a single olive black
marly limestone in 535-52-4 contains 68% carbonate.
Texturally these limestones are mudstones that consist
of a micrite matrix containing less than 5% calcitized,
sparite-filled radiolarians; very fine-grained shell debris;
and rare foraminifers. The micrite often occurs in irreg-
ular lenticular laminae and appears to be pelletal, as is
suggested by the macroscopically speckled appearance
of these rocks.

The “en echelon” cross lamination noted above is
most abundant in Core 52, but remains relatively com-
mon to the base of the interval. Scarce bioturbation is
present between Sections 535-53-5 and 535-55-2. Other
interesting features include two thin intercalated pyritic
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Figure 11. Limestone from 535-44-2, 67-71 cm, showing common ammonite fragments and
molds. Several molds display classic geopetal fabrics with sparry calcite overlying an earlier

micrite partial filling of the cavity.

mudstones in Core 52, two pyritic chert nodules, a small
chert-filled pyritized ammonite in Section 535-53-3, and
a vertical stylolite in Section 535-55-3 between 43 and
71 cm. There were ammonites in lighter-colored beds in
Cores 53 to 55, but aptychi were generally more numer-
ous and tended to be most common in the darker lami-
nated beds.

The lower interval of Unit IV (503.7-613.2 m; Sec-
tions 535-55-5 to 535-68-2) is distinguished from the up-
per part by its stronger cyclicity and the appearance of
very light gray to olive gray limestones and olive black
marly limestones that generally increase in abundance
towards Unit V. Type A and B cycles are present, and
from Core 64 downward, Type E cycles also appear (see
Fig. 7). Eight samples from the light-colored limestone
bands gave an average carbonate value of 89.1%, where-
as 11 samples from the darker layers averaged 71.7%
(five limestones and six marly limestones). Six olive
black bands were analyzed, yielding an average carbon-
ate content of 48.8%; four were marly limestones, one
band (in Section 535-68-2; 22%) an olive black shale
(22%) and another (Section 535-64-6; 33%) transitional
between the two. Only one other olive black shale was
recorded at this site, from Section 535-48-5 in Unit III.

Texturally, all the limestones sampled for thin sec-
tions in this interval are mudstones consisting of 94—
99% pelletal micrite or micrite with scattered amounts
of calcitized radiolarians, planktonic foraminifers, and
thin-shelled mollusc fragments. One of the dark lime-
stones from Section 535-57-2 contains up to 35% dolo-
mite rhombs, and dolomite and coccospheres are common
to abundant in nannofossil preparations of the olive
gray to dark olive gray marly limestones. The sediments
of the lower interval are also macroscopically speckled
and pelletal. Ammonites are relatively common in the
lighter-colored bands in Cores 60 through 62; they are
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present throughout the interval but are rare in the other
cores. Stylolites occur in Sections 535-59-2, 535-59-4,
and 535-61-4.

Cross laminated structures (Fig. 9) are fairly common
in Cores 56 to 58, are temporarily lost, and then occur
less frequently and more sporadically between Core 535-
63 and Section 535-68-2. Bioturbation is present to vary-
ing degrees through the lower interval of Unit IV; Pla-
nolites is the main identifiable trace fossil. One of the
most interesting aspects of this unit was the presence of
hydrocarbon-stained and asphalt-filled fractures in Sec-
tions 535-58-3 to 535-58-5, 535-59-1 to 535-59-4, 535-
64-4 to 535-64-6, and 535-63-2. The significance of this
material is discussed in the geochemistry section. The
apparent periodicity of the cycles appears to decrease
toward Unit V (see Fig. 7).

Unit V (613.2-714.0 m, terminal depth)
Core 535-68-2, 120 cm to 535-79-1
lower Valanginian-upper Berriasian

Cyclic alternations of massive, bioturbated to poorly
laminated light olive gray, light gray, very light gray, and
white limestones with light olive gray, greenish gray, and
dark greenish gray limestones to marly limestones and
olive black marly limestones characterize this unit. The
lighter-colored limestones often show pale yellowish brown
or dark yellowish brown coloration, possibly indicating
varying degrees of dolomitization. Most of the lime-
stones are mudstones. A few of the light-colored lime-
stones are skeletal wackestones (probably hardgrounds)
that sometimes exhibit dusky blue, pale blue, and dusky
green tints. Several thin bentonitic clays are present in
the upper part.

The general lithologies of this unit are very similar to
those described for Unit III, except that bioturbated
rather than laminated limestones form the bulk of the



interval. This predominance of lighter-colored biotur-
bated sediment, which becomes more pronounced to-
ward the base of the hole, tends to make Type C cycles
merge into Types B and E, although the olive black mar-
ly limestone beds and, to a lesser extent, the lightest-col-
ored limestones are still well defined. Increasingly poor
recovery and breakage of the cores toward the base of
the unit make an exact reconstruction of the cycles pro-
gressively more difficult. The principal sediment types
are described below:

1. Olive black marly limestones. Three carbonate de-
terminations from these bands gave an average value of
49.3%. They are laminated and sometimes contain sand-
size, light-colored pellets that can give the rock a macro-
scopically speckled appearance. They are often pyritic
and nannofossil preparations contain common dolomite
rhombs. Beds generally are 5 cm or less in thickness.

2. Olive gray to greenish gray limestones and marly
limestones. Seven carbonate determinations from this li-
thology yielded an average composition of 64.5% car-
bonate, three limestone samples and four marly lime-
stones (44-65%). In thin section, they are mudstones
containing 15-35% dolomite rhombs in a micritic ma-
trix showing faint, relict, laminated, or burrowed fab-
rics. Pyrite and possibly also marcasite are common.
Scattered aptychi and relatively common stylolites are
present. This lithology is laminated and bioturbated to
varying degrees. Between Cores 70 and 79 microfolds
occur, suggesting soft sediment deformation.

3a. White, light gray, very light gray, or light olive
gray limestones (mudstones). These sediments are pre-
dominantly bioturbated, and sometimes laminated; with
Lithology 2, they form the major part of Unit V. They
are probably somewhat less pure than their equivalents
in Unit IIT and often have a slightly brownish or green-
ish coloration, frequently corresponding to areas exhib-
iting more pronounced relict fabrics (e.g., small lami-
nated or irregularly laminated patches amongst the bio-
turbation). Such relict laminated areas often exhibit only
Chondrites burrows. The brownish coloration may also
result from variable degrees of dolomitization. In thin
section, they consist of approximately 45% micrite (some-
times with abundant nannoconids), the remainder in-
cluding calcitized radiolarians, fine shell debris, fora-
minifers, pyrite, and, from Cores 70 to 79, calpionel-
lids. Ammonites, aptychi, and stylolites are present.

3b. White to light gray or very light gray, bluish, or
greenish limestones (wackestones). Although similar to
Lithology 3a, these limestones are distinguished by their
slight blue or greenish coloration and the greater abun-
dance of ammonites and other skeletal material. They
are wackestones with 15-30% skeletal particles, includ-
ing 1-18% mollusc debris (cephalopods, pelecypods, and
less than 3% gastropod fragments), 5-10% calpionel-
lids, 2-3% calcitized radiolarians, 3-10% calcispheres,
and trace amounts of up to 2% foraminifers. The fossil
material is generally recrystallized to blocky calcite, and
the micrite that fills voids in the bioclasts is lighter col-
ored than the “pseudo-pelletal” micrite matrix. Some
grains show indications of algal boring. Geopetal fab-
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rics are common in the larger fossils. These limestone
bands, several of which are interpreted as hardgrounds,
were recorded from Sections 535-68-2, 535-71-2, 535-
72-1, 535-78-1, and 535-79-1. In rare cases there are
sharp contacts between these bands and Lithology 2,
where a relief can be observed on the upper surface of
the limestone (Sections 535-68-2 and 535-79-1). The best
and most abundant examples of this type of sediment
were recovered in Core 79. The color observed here may
be due to the periodic establishment of reducing condi-
tions indicated by the intercalated olive black marly
limestones. The skeletal wackestones in Section 535-79-1
are composed of 5-15% mollusc debris, 0-15% coated
grains, 7-15% calpionellids, less than 7% calcispheres,
less than 7% calcitized radiolarians, up to 5% foramini-
fers, and up to 3% echinoderm fragments. Several glau-
conitic and phosphatic pellets occur in one thin section.
The coated grains consist of recrystallized mollusc de-
bris or fish debris coated by concentric layers of coarser
and finer calcite crystals. In some core pieces of these
limestones, large dendritic areas of pyrite (and chalco-
pyrite?) are present, and pyrite may replace or coat the
fossils. Geopetal fabrics, erosional surfaces, and stylo-
lites, which are sometimes lined by less than 2 mm of
pale green glauconitic(?) clay, are also common.

4. Medium light gray (N6) kaolinite-smectite-mont-
morillonite swelling “bentonitic” clays. These sediments
occur as thin layers (2-8 cm thick) in Sections 535-68-5,
535-69-4, and 535-70-1 and as a component of two
dark-colored marly limestone bands in Section 535-
69-5. The layer in Section 535-68-5 has a carbonate con-
tent of 15%.

Comments on Cyclic Sedimentation in Units I1 to V,
Site 535

The various types of cycles observed in Units II to V
were designated A to E (Fig. 6), where the sequence A
through E is believed to represent an overall improve-
ment in bottom oxygenation. This is generally indicated
by the increasing proportions of bioturbated versus lam-
inated sediments from Types A to C cycles. It does not
indicate the relative magnitudes of time for which oxy-
genated or deoxygenated conditions prevailed during the
deposition of the cycle, because some of the white bio-
turbated limestones in Type C cycles are clearly con-
densed and may record longer periods of time than the
darker sediment. It is also clear that lamination is at
least in part due to lower flow-regime traction currents
(i.e., in at least some of the cross laminated intervals).
The frequency and periodicity of the dark bands ob-
served in these cycles is suggestive of a cyclic climatic
control of bottom-water oxygenation, as is the presence
of very similar cycles in coeval sediments in the central
Atlantic and Alpine Tethys. The estimated durations of
the cycles observed between Cores 535-48 and 535-76
range between 125,000 and 6,000 yr.

Many features of the Type C cycles observed at Site
535 are typical for clay, “black shale,” and coccolithic
limestone cycles described from the Tithonian to Upper
Cretaceous from southern and northwest Europe, the
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western interior of the U.S., and other DSDP sites. The
main points of similarity include:

1. the cyclic alternation of dark (carbonate-poor) and
light-colored (carbonate-rich) lithologies in a symme-
trical manner or with a tendency for sharp asymmetric
changes between the top of the light layers and base of
the dark (excepting Type D cycles—see Fig. 6),

2. the decrease in bioturbation from light to dark,
with a concomitant increase in the preservation of mi-
crolaminations, and the tendency for any bioturbation
in the darker layers to have a very low vertical penetra-
tion of the sediment,

3. the apparent scarcity of ammonites in the dark lay-
ers and their comparatively common or abundant occur-
rence in the light-colored, bioturbated limestone bands,

4. the higher organic carbon values of the black lay-
ers and their tendency to contain type II or type II-III
kerogens,

5. the speckled appearance of many of the black lay-
ers caused by the presence of sand-size pellets, and the
occurrence of common coccospheres in these layers; the
pelletal fabric and appearance of the darker layers in
thin section typical of Jurassic to Cretaceous rocks com-
posed of clay and coccolithic pellet-rich alternations,

6. the presence of early diagenetic dolomite rhombs
associated with the darker, more organic matter-rich
layers,

7. the inverse relationship between the distribution
of coarse detritus and the black laminated beds,

8. the inverse relationship between cross lamination
and black laminated beds.

Regional Comparisons

The Cretacous sequence cored at Site 535 shows many
similarities with the upper Tithonian to Barremian Blake-
Bahama Formation of the central Atlantic. The latter
unit exhibits an analogous cyclic repetition of laminated
marly nannofossil chalks and better cemented biotur-
bated chalks (Jansa et al., 1979), but does not contain
any equivalents of the cephalopod-rich hardground lime-
stones observed in Units III and V at Site 535. Both se-
quences exhibit common stylolites, good preservation of
nannofossils in the darkest lithologies, and common ap-
tychi. The analogy between the two units may suggest
that calcareous nannoplankton were the major source
of carbonate in Units III to V.

Although the cyclic variations in sedimentary envi-
ronments were periodically much more extreme at Site
535 than in the central Atlantic, the two basins were
clearly similar until the Barremian-early Aptian. At that
time the Atlantic Basin went through transition from
the nannofossil chalks of the Blake-Bahama Formation
to the carbonaceous claystones of the Hatteras Forma-
tion. No corresponding facies change was observed at
Sites 535 and 540. This contrast may have resulted from:

1. the massive influx of platform-derived carbonate
material at Site 535 not apparent in the Hatteras Forma-
tion (Tucholke and Mountain, 1979),

2. asignificant difference in the water depths at Site
535 and in the central Atlantic basin, with the former
remaining above the oxygen-deficient portion of the At-
lantic bottom water,
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3. the absence of deep bottom-water connections be-
tween the two regions.

The cored section at Site 535 is also similar to the co-
eval sequences in the west and central parts of Cuba
(Pinar del Rio and Las Villas provinces; Pardo, 1975).
These sequences consist of brown, gray, or dark gray,
sometimes organic matter-rich, pelagic nannofossil lime-
stones with shaley intercalations. They appear to be very
analogous to the sequences at Site 535 but differ in that
they contain significant amounts of black chert. Rede-
posited skeletal limestones with Orbitolina occur in the
upper Aptian to Turonian pelagic limestones of the Las
Villas Belt and may be equated with the partly coeval fa-
cies of Unit II. It is possible that Site 535 and the Cuban
sections have a much greater affinity with each other
than they do with the central Atlantic basin.

Site 539

Site 539 consisted of two short holes with a total
thickness of only 14.5 m drilled. The first hole (539)
drilled two cores to a total depth of 7 m. The first core
recovered 0.83 m of brown to gray nannofossil mud,
and the second core recovered 3.57 m, mainly nannofos-
sil mud with the bottom 0.5 m consisting of nannofossil
ooze and foraminiferal-nannofossil ooze. The sediments
ranged in age from Holocene to late Pliocene.

The second hole (539A) drilled only one core to a
total depth of 7.5 m and recovered 7.23 m. The up-
per 1.5 m was brown gray nannofossil mud followed by
about 1 m of gray marl. The lower 5 m of the core con-
sists of white nannofossil ooze. The age of the sedi-
ments ranges from Holocene or late Pleistocene to Mio-
cene and late Oligocene.

Site 540

The sedimentary sequence cored at Site 540 is divided
into six lithologic units summarized in Table 5 and Fig- -
ure 4. The units are described in detail below.

Unit I (0-4.5 m)
Core 1
Holocene to upper Pleistocene

The predominant sediment type of this unit consists
of light olive gray or medium gray to olive gray nanno-
fossil marly limestone with some light yellowish brown
patches and streaks. This unit also includes an interval
of pale green semilithified nannofossil ooze in 540-1-2,
70-80 cm. A similar ooze, mixed with marly limestone,
occurs in Section 540-1-3 between 50 and 124 cm and
represents a layer completely disrupted by drilling. Clay
is the major detrital constituent, making up 28-40% of
the unit. Volcanic glass is also present (2-10%). The bi-
ogenic components include abundant nannofossils (40-
45%) and foraminifers (5-10%). There are trace amounts
of diatoms, radiolarians, and sponge spicules. Two car-
bonate bomb analyses indicate 51-63% CaCO;.

Unit IT (4.5-272.37 m)
Core 540-2 to 540-30-2, 37 cm
middle Miocene to upper Paleocene

The top of this unit is defined by the first appearance
of light-colored ooze. This unit consists mainly of nan-



SITES 535, 539 AND 540

Table 5. Summary of lithologic units, Hole 540.

e BMNE
Thickness  Sub-bottom Core or

Age Unit Main lithology (m) depth (m)  Core-Section

Holocene-late Pleistocene 1 Marly limestone 4.5 4.5 1

middle Miocene-late Paleocene 11 QOaoze, chalk, marly 267.87 272.37 312
limestone

middle Pal 1y Ci i [11  Pebbly marlstone and 55.78 328.15 16-1
voleanic sands

early Cenomanian-late Albian v Limestone 170.35 498.50 53

late Albian-middle Albian v Limestone 218.50 717.0 76

middle-early Albian V1 Skeletal limestone 28.50 745.5 %

nofossil ooze, chalk, and limestone; white to greenish
gray marly chalk; marly limestone; and greenish black
marly limestone. Volcanic ash layers occur throughout
Unit II.

All transitions between ooze and limestone can be ob-
served in this sequence. This unit can be further subdi-
vided into three subunits.

Subunit Ila (4.5-33 m, Cores 2 through 4) is com-
posed of relatively pure light greenish gray nannofossil
oozes and chalks with some patches of grayish orange
glauconitic clay. Lithification is variable. Some pale brown
mottles, bands, and deformed light gray layers are pres-
ent in Cores 2 and 4. Dark gray pyritic spots and lami-
nations are also present. Volcanic ash forms light gray
layers or scattered bands and patches. Smear slides show
that the relatively high percentage of carbonate (approx-
imately 70%) is mostly microfossil material including
nannofossils (66-93%) with rare foraminifers (maxi-
mum 2%). Clay averages 2-5%. In the last core of this
subunit, chalk appears irregularly distributed in ooze.

No primary structures were observed in the first core
because of drilling disturbance, but laminations and bur-
rows were identified in the lower cores.

The top of Subunit ITb (33-142 m; Cores 540-5 to
540-16-3) is defined by the dominance of chalk and by
the occurrence of interbedded nannofossil-foraminiferal
marly limestones and sandy marly limestones. The lat-
ter sediments are greenish gray to light olive brown and
occur as a minor lithology in 2-4 c¢cm thick bands. The
bases of these bands is usually sharp, and the tops are
gradational and burrowed. Sandy marls in Cores 12 and
16 are greenish gray to greenish black.

The chalk that composes most of this subunit is white
to light greenish gray (5G 8/1) or greenish gray with
common dark gray (N5) pyritic spots and faint lamina-
tions. This sediment is made almost exclusively of nan-
nofossils through Core 9; below this foraminifers be-
come common. Volcanic ash occurs in Core 6 and Cores
9 to 14 as patches or burrow fills. In Cores 10 and 11,
ash layers have sharp bases and burrowed, gradational
tops. Bioturbation is common throughout the chalk and
occurs as abundant irregular yellowish gray to light olive
gray mottles. Chondrites and Planolites are the most
common recognizable trace fossils. Dark greenish gray
and greenish gray chert nodules occur in Cores 7, 10,
and 12.

Foraminifers are always relatively abundant (10-28%)
in the marls of this subunit but the nannofossil content

decreases uniformly with increasing lithification down
the core. Carbonate content varies from 32-65% for the
marls and 70-88% for the chalks.

The top of Subunit Ilc (142.0-272.4 m; 540-16-3 to
540-30-2, 37 cm) is defined by the first appearance of
slump structures in the cores. The composition of the
sediments is generally the same as Subunit IIb. They are
composed of alternations of foraminiferal-nannofossil
chalk and nannofossil marly limestone. The chalk is very
light greenish gray to light greenish gray and bluish white.
Less common are greenish gray bands and burrowed
light greenish gray layers (e.g., Cores 18 and 24). Faint
greenish gray laminations are sparsely distributed; well-
preserved laminations are rare (e.g., Cores 23, 27, and
30). In thin section, these laminations consist of concen-
trations of calcitized radiolaria. Marly limestones are
dark greenish gray layers usually less than 5 cm thick,
but sometimes up to 10 cm thick (e.g., Cores 25, 29, and
30).

Minor constituents in this subunit include foraminif-
eral limestone, sandy marly limestones, volcanic ash, and
chert. The limestone, at the top of Core 20 and in Cores
28 and 29, is mottled very light gray to medium light
gray (N6). Sandy marly limestones are greenish gray to
dark greenish gray and mixed with volcanic ash (Cores
18, 19, and 29). Ash is common and occurs in 1-3 cm
thick layers sometimes mixed with chalk. In 540-25-1,
97-110 cm, greenish gray chalk mixed with a foraminif-
eral ash layer rich in biotite and feldspars may be au-
tochthonous sediment reworked by an ash turbidite.
Angular quartz (3-20%) is commonly associated with
the ash layers. Grayish green to greenish gray or dark
greenish gray chert occurs as nodules in Cores 20, 24,
26, 28, and 29 and as an olive gray band in Core 23.

Burrows are common in this subunit and are best
seen in greenish layers. Identified burrows include Pla-
nolites and excellent examples of Zoophycus. Slumping
and sliding, which characterize Subunit IIc, take the
form of inclined and wavy layering, flow structures, folds,
microfaults, and deformed burrows (Fig. 12). Very small
scattered asphalt spots occur in Cores 26, 27, and 29.
Finely divided pyrite is common in spots and mottled
patches scattered throughout this subunit. Smear slides
show that the trend for decreasing nannofossil content
downsection observed in Subunit IIb continues in this
subunit (10-20%). Foraminifers are always present (more
than 10-20%), sometimes forming sand layers where they
are mixed with quartz (e.g., Cores 23-24).
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Figure 12. Soft sediment deformation, Hole 540. A. Sample 540-16-6, 0-50 cm; deformed Zoophycus-type bur-

rows caused by sliding. B. Sample 540-29-1, 100-120 cm; deformed mottled texture. C. Sample 540-26-3,
40-50 cm; slump fold in chalk.
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Unit IIT (272.37-328.15 m)
Core 540-30-2, 37 cm to 540-36-1, 67 cm
upper Paleocene to middle Cenomanian(?)

This unit is characterized by matrix-supported “peb-
bly chalk and limestones” and subordinate cross-lami-
nated and parallel laminated sandstone. Sharp upper
and lower contacts separate it from the pelagic facies of
Units IT and IV.

Pebbly chalk in Core 30 consists of claystone clasts
up to 3 mm in diameter (olive black to dark greenish
gray) scattered in a mottled greenish gray to light green-
ish gray foraminiferal chalk matrix. It overlies predomi-
nantly light-colored very light gray, light greenish gray,
volcanic carbonate sandstone in Core 31. This sand-
stone is cross-bedded, laminated with several truncated
cross-bed sets, and internally deformed. It consists of
calcite-cemented foraminifers (25-60%), altered volcan-
ic glass (0-20%), peloids (0-25%), lithoclasts (0-20%),
mollusc fragments (0-15%), and echinoderm grains and
calcispheres (Pithonella sp.). Some clay zeolite matrix is
also present. Downward, the light sandstone passes into
a strikingly dark (pyrite-rich) calcareous, conglomeratic
volcanic sandstone (Fig. 13) in the upper 2 m of Core
31. The volcanic sandstone is dark gray and contains
white and yellowish white lithoclasts of shallow-water
limestone. The basal 30 cm is a conglomerate consisting
of shallow-water limestone, black chert, and very coarse
calcareous sand. The largest clasts are pebble-size (at
the base), as large as 2 cm and generally decrease in size
upward. This fining-upward trend gives the bed the ap-
pearance of being graded. The bed is poorly sorted as a
whole. The composition near the top of the bed is al-
tered volcanic glass (60%), unspecified carbonate (25%),
and pyrite (15%). The overlying light-colored, volcanic,
calcareous sandstone may have been deposited at the
same time as the underlying dark calcareous volcanic
sandstone; as such, the depositional unit is crudely graded
and at least 3 m thick.

The remainder of the unit is a sequence of pebbly
chalks and limestones (Fig. 14) interbedded with irregu-
larly laminated and burrowed marls and limestones. Be-
cause of poor recovery in Cores 31 to 36 the proportions
of interbeds are unknown. Pebbly limestones consist of
lithologically diverse clasts, up to 4 cm in length, scat-
tered in greenish gray to light olive gray fine-grained
limestone matrix. Detrital components include: (1) white
and yellowish gray shallow-water, skeletal carbonate de-
bris ranging in size from fine-sand to cobbles of rudists
and lithoclasts; (2) lithoclasts of pelagic chalk and lime-
stone; (3) soft clay and claystone lithoclasts; (4) black
chert; and (5) altered volcanic ash. Matrix material is
gray chalk containing Planolites burrows and clayey
streaks of greenish gray and medium light gray marly
limestone. The other common interbed lithology is mas-
sive and occasionally laminated light olive gray to yel-
lowish gray limestone containing radiolarian and other
skeletal molds.

Unit III is conspicuous for three reasons. First, the
large diversity of detrital elements makes it lithological-
ly distinct from underlying and overlying units. Both de-
bris flow and turbidity-current processes probably played
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Figure 13. Light limestone lithoclasts in pyritic volcanic sandstone
(turbidite), Sample 540-31-2, 85-110 cm.

roles in the deposition of this unit. Second, despite the
previously mentioned differences, the unit does retain
some intermediate characteristics of Units II and IV, in
particular the volcanic ashes of Unit II and the black
cherts and moldic pelagic limestones of Unit IV. Third,
it must also be noted that the unit spans a large interval
of time, about 40 Ma, but probably includes significant
stratigraphic gaps. A similar unit was drilled at nearby
DSDP Site 97 on Leg 10 (Worzel, Bryant, et al., 1973).
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Figure 14. Typical pebbly limestone of Unit 111 showing poorly sorted
lithoclasts in fine-grained limestone. Sample 540-32-1, 80-100 ¢cm.
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Unit IV (328.15-498.5 m)
Core 540-36-1, 65 cm to Core 540-53
lower Cenomanian-upper Albian

A sharp contact exists at 540-36-1, 65 cm between the
pebbly chalks of Unit I1I and the pelagic or hemipelagic
fine-grained limestones of the top of Unit IV.

This unit shows a rhythmic alternation (on a 30-60-cm
scale) of light-colored limestone (about 93% CaCO,) and
dark somewhat clayey limestone (about 80% CaCQ,).

Smear slides show foraminifers to be sparse in the
upper part of the unit but more abundant below Core
46. Dolomite rhombs are present in the marly limestones
in Cores 36 through 44 and reach 20% in Core 37.

The light-colored beds are also massive; homogene-
ous; light olive gray to yellowish gray or greenish gray;
fine-grained micritic limestone with common aligned cir-
cular voids (molds of radiolarians). Molds of pelecypods
and ammonites can also be observed locally. Strong bio-
turbation (including Planolites) has destroyed much of
the primary sedimentary structures particularly below
Core 45. However, some banding and laminations are
present. One type of lamination is formed by accumula-
tions of calcitized planktonic forms (foraminifers, radi-
olarians and “filaments’). Another type of lamination
reflects the intercalations of calcareous silt or sand.
Laminations tend to be more widely spaced where the
limestones are very compact.

The marly limestone is olive gray to olive black or
dark gray. The highest percentage of clay recorded in
this limestone is 35% in Core 52. Marly limestones al-
ternate with the pure limestones described above and
represent 30-40% of each cycle. In Units II and III this
proportion is less. Marly limestones have a more well-
developed banding and laminations and less, though more
conspicuous, bioturbation than the pure limestones.
Planolites and Chondrites type burrows are present.

The boundaries between the two lithologies are often
gradational, the sharpest contacts tending to be at the
top of dark marly limestones. Brecciation during drill-
ing prevents any systematic observations about these
contacts.

Skeletal lime sand and silt are very common in all
parts of the cycles in Unit IV, They are often present in
olive gray laminae, lenses, or more rarely in graded lay-
ers (Sections 540-44-1 through 540-46-2).

Less common lithologies include drilling fragments
of the following limestone types: (1) coarse-grained lime-
stones in Core 50, up to 3 mm thick, with peloids, radi-
olarians, and echinoid and mollusc fragments; (2) skele-
tal-pelletal limestones in Section 540-37-2; (3) a piece of
skeletal limestone in Core 45 with intraclasts of radiolar-
ian and foraminiferal mudstone, and molluscs, foramin-
ifers, echinoids, and green algae debris with micritic
envelopes; (4) white hydrozoan limestone, 540-52-1, 77-
90 cm.

Black chert is very common in Unit IV. It usually ap-
pears as broken pieces of nodules but also occurs in the
limestone matrix.

Unit IV is also characterized by deformation features
including variable inclined layering in Core 47 at the
bottom of Sections 1 and 2, slump folds in Core 40 and



in 540-52-1, 0-80 cm, small faults (Core 53), and trun-
cations of laminae (Cores 41 and 42). There is also evi-
dence of deformation during compaction, such as pres-
sure solution structures in Core 53, which may have been
induced by bioturbation and differential lithification.

Unit V (498.5-717 m)
Cores 54-76
upper Albian to middle Albian

The top of this unit is marked by a sharp distinction
between the well-developed cyclic alternations of Core
53 and the more homogeneous sequence of Core 54,
however, this sharp contrast may be an artifact of poor
recovery in Core 53. The principal characteristics of the
unit are its great uniformity and the mottled and biotur-
bated aspect of the sediments.

Unit V consists of alternations of light-colored and
dark limestones (average cycle 75 cm) corresponding to
variations in the percentage of clay, pyrite, and organic
matter. Colors recorded are light gray, very light gray,
greenish gray, and light olive gray for the lighter layers;
medium light gray or even dark greenish gray for the
darkest ones.

Sedimentary structures in the limestone include faint
laminations and layering and (in Section 540-55-1) cross-
bedded intervals. The limestones are often intensely bur-
rowed (mainly Planolites and Chondrites, sometimes
Zoophycus). The bioturbation is most evident in the
darker intervals where burrows are filled with lighter-
colored material.

Pelecypod molds have been observed in the lighter-
colored limestones (Cores 61 and 63). Thin sections show
three very uniform microfacies: (1) pelletal-foraminifer-
al wackestones; (2) mudstone with radiolarians and for-
aminifers; and (3) unfossiliferous mudstone.

Three subunits have been distinguished. Subunit Va
(498.5-623.2 m; 540-54 to 540-67-1, 120 cm) consists of
fine-grained limestones with generally over 90% CaCO;
and rare skeletal layers (Cores 59 and 67). Subunit Vb
(623.2-663.0 m; 540-67-1, 120 cm to 540-71-2) is char-
acterized by a distinctly mottled texture and by common
intercalation of carbonate sand containing shallow-wa-
ter debris and occasional pebble-size clasts (e.g., Section
540-69-2). The mottling is caused by local concentra-
tions of divided pyrite within burrow structures (Fig. 15).
Subunit Vb has slightly less carbonate than Subunit Va
(66-96%). Subunit Vc (663.0-717.0 m; Section 540-71-3
to Core 76) consists of uniform, bioturbated limestone
with scattered shell fragments and one whole echinoid
test.

Unit VI (717-745.5 m)
Cores 77-79
middle Albian

This unit consists of fine-grained limestone with in-
tercalated very coarse to very fine sand-size skeletal car-
bonate material. The dominant limestone is similar to
that of Subunit Vc. In the interval from 540-77-3, 90 cm
to 540-79-1, 75 cm, it is distinctly banded. There is a
regular alternation of 5-10-cm thick light and dark sedi-
ment (greenish gray to dark greenish gray or greenish
black). Below 540-78-2, 120 c¢cm, bands become more
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Figure 15. Mottled limestone. Flattened patches giving a pseudolami-
nated fabric. Sample 540-70-6, 120-145 cm.
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diffuse and the wavelength of the cycles more irregular
(up to 45 cm in Section 540-78-5) with a dark sediment
prevailing.

Skeletal carbonate debris occurs in two forms: (1) small
lenses (0.1-1 cm thick) of very fine to fine sand-size ma-
terial in micritic limestone, and (2) layers tens of centi-
meters thick. Some of the fine material is cross-bedded.
The thicker layers are light gray to medium light gray
and medium gray and yellowish. They contain abundant
debris and are strongly bioturbated. Grains are well sort-
ed to poorly sorted and medium grained to coarse grained.
Occasional limestone intraclasts in Sections 540-77-2
and 540-77-3 range up to 10 mm across. The thick layers
are skeletal grainstones with mollusc fragments (mainly
rudists), foraminifers, echinoderms, peloids, and some
coated grains. Other thick layers are foraminiferal-pe-
loidal packstones with similar compositions but also
contain planktonic foraminifers and echinoid spines
and green algae.

Summary of Site 540

The sequence at Site 540 is dominated by carbonate
ooze and chalk in the Tertiary and fine-grained lime-
stone with radiolarians, foraminifers and deep-water
burrowers, such as Planolites and Zoophycus, in the
Cretaceous. This indicates deposition in deep water
and in pelagic to hemipelagic environments, consistent-
ly above the carbonate compensation depth.

From middle Albian to lower Cenomanian, the se-
quence at Site 540 suggests pelagic deposition in a
mostly aerobic basin. However, high rates of calcareous
sedimentation (up to 119 m/Ma during the late Albian)
are difficult to explain by purely pelagic sedimentation.
These rates suggest additional input of fine carbonate
material from platforms, as well as the redeposition of
coarser skeletal debris.

The Turonian through upper Paleocene is character-
ized by long gaps in the sedimentary sequence. Turonian
to Santonian and lower Paleocene rocks are thin or ab-
sent as a result of erosion and/or nondeposition. Indi-
cations of sediment instability first appear in the up-
per Albian section (e.g., Cores 52-53 and 41-44), and
slump structures are most common in the upper Paleo-
cene to lower upper Oligocene interval. The overlying
sediments appear to be undisturbed.

Intercalations of volcanic ash first appear in the
Campanian-Maestrichtian with a thick, redeposited unit
in Core 31. Thinner volcanic ash beds occur throughout
the Tertiary to Quaternary sequence and may be related
to volcanic activity on Cuba. The lower Miocene and a
great part of the Pliocene section is also absent as a
result of erosion or nondeposition.

BIOSTRATIGRAPHY

Site 535

Summary

The combination of the biostratigraphic events of nan-
nofossils, planktonic foraminifers, and calpionellids re-
corded from Site 535 allows the following comments.

50

Unit I (535-1 to 535-17,CC partim) is upper Pleis-
tocene. The Emiliania huxleyi nannofossil Zone and
the Globorotalia truncatulinoides planktonic forami-
niferal Zone persist throughout. Also, reworked lower
Pleistocene and Miocene planktonic foraminifers and
nannofossils, as well as Upper Cretaceous nannofossils,
persist throughout most of this interval.

Residues from Unit II (Core 535-17 through Section
535-43-2) yield very poorly preserved nannofloras and
very poor planktonic and benthic foraminiferal faunas.
These suggest an early to middle Albian age. It should
be noted that the more common benthic foraminifers of
the richer faunules represent a mixed assemblage of shal-
low-water and mid-bathyal species.

Samples 535-31-1, 84-88 cm and 535-33-1, 35-37 cm
yield juvenile specimens of Acompsoceras, which is char-
acteristic of the lower to middle Cenomanian (Young,
this volume). The presence of this ammonite and the
persistent evidence of mixing of benthic foraminifers
mentioned above combine to suggest that the foramini-
fers are extensively reworked from both shallower realms
and older rocks.

This interpretation is supported by the occurrence of
two possibly caved specimens of Scaphites in Core 45
(Young, this volume), which appears in the Vraconian
(uppermost Albian).

The upper part of Unit III is characterized by poor
recovery and rubbly material. The following sequence
of nannofossil and planktonic foraminiferal zones have
been found in this interval.

A specimen of Scaphites was found in Core 45. As
noted above, this genus is unknown in rocks older than
Vraconian, and its presence requires some explanation
of the discrepancy in age implied by it and by the micro-
fossils. Two interpretations are possible. First, the inter-
val of Cores 43 through 46 may be reworked, as appar-
ently was true of the interval above. Second, the Sca-
phites-bearing piece of rubble may have fallen from the
lower part of the overlying unit to the bottom of the
hole and was recovered with the rubble of Core 45. Indi-
cations that the latter interpretation is correct lie in the
probability of wall caving, implied by the poor and rub-
bly recovery of the interval by a drilling break at the top
of the interval and also by the lack of reworked or dis-
placed material in the samples from the interval.

The occurrence of Hedbergella sigali with Lithraphi-
dites bollii in Core 47 suggests that only the lowermost
Barremian may be present in this core.

It appears, then, that the upper part of Unit III is
characterized by a condensed sequence that includes un-
conformities. As a result, the following stratigraphic in-
tervals are absent or poorly represented.

1. Most of the Albian is missing and is represented
only by the Scaphites-bearing rubble.

2. Only four of eight Aptian foraminiferal zones were
recovered, including two of the upper Aptian and two
of the lower Aptian but none of the middle Aptian.

3. Most and perhaps all of the Barremian is missing.
Despite the poor recovery, it is evident that this short,
35-m section represents an interval of almost 20 Ma.

In contrast, the lower part of Units III through V
(the interval beginning with Core 47 and continuing to



total depth) appears to represent a continuous sequence
spanning the upper Hauterivian through most of the
upper Berriasian.

Planktonic foraminifers are of little biostratigraphic
value below the Barremian. Hauterivian and Valangin-
ian nannofossils, however, are well documented from
Cores 48 through 75. Further evidence of age is provid-
ed by the calpionellids, which are present from Core 65
to total depth. The interval from Cores 65 to 76 (partim)
was assigned an early Valanginian age on the basis of
species of the Calpionellites Zone. Cores from 76 (par-
tim) to total depth were assigned a late Berriasian age
because of forms of the Calpionellopsis Zone. Correla-
tions based on the calpionellids agree with nannofossil
and palynomorph data from this interval.

Foraminifers and Calpionellids

Cores 1 through 17, core catcher excluded, yield Pleis-
tocene faunules. The uppermost 60 cm of Core 1 con-
sist of two coarser layers, probably a graded foraminif-
eral-pteropod sand, which is attributable to the Holo-
cene. The remainder of Core 1 is largely composed of
turbiditic clay. The core catcher of Core 1 contains
planktonic foraminiferal fauna of late Pleistocene age
mixed with a fauna of different preservation, possibly
early Pleistocene in age. The occurrence of fragments of
Alcyonaria and small calcareous benthic foraminifers
such as Astrononion and Discorbis suggests that some
material from the shelf and/or outer shelf environment
was redeposited at Site 535 during the Holocene.

The interval containing Cores 2 through 17 is com-
posed primarily of turbiditic material that ranges from a
turbiditic clay (535-5,CC) yielding very small foramini-
fers and wood debris to a turbiditic sand, very rich in
large planktonic foraminifers, and in general, associated
with rare to common fragments of larger foraminifers
and other biogenic debris of shallow-water origin (535-
12,CC; 535-13,CC; and 535-14,CC). In the latter sam-
ples, planktonic foraminifers are broken and abraded as
a consequence of mechanical transport. Reworked fau-
nas of early Pleistocene and late Miocene age may also
occur.

The intermediate lithotype, turbiditic silty clay yields
large amounts of commonly subrounded and subangu-
lar quartz grains. Mica flakes, including biotite, and a
few fragments of mafic green rocks are minor compo-
nents. In this lithotype, planktonic foraminifers are rare
and small; shallow-water debris and wood fragments are
common.

The aspect of planktonic foraminiferal faunas from
Cores 1 to 17 (partim) is tropical except in 535-5-4, 114-
116 ¢cm and possibly 535-3-4, 15-18 cm. The former sam-
ple yields a planktonic fauna rich in cold-water species
such as Neogloboquadrina pachyderma and is devoid of
warm water globorotaliids.

In the interval from 535-17,CC through 535-43-2, fo-
raminiferal faunas were recovered from relatively few
layers, and, with few exceptions, they are poorly diversi-
fied and very badly preserved. Planktonic faunas, par-
ticularly those recorded from laminated limestones, are
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rare and composed of uniformly small forms; the larger
forms are missing. The benthic forms associated with
those faunas are also small and belong to miliolids, Pa-
tellina and Trocholina, suggesting that displacement from
shelf and outer shelf areas was an important process.

The combined study of several thin sections from the
hardest lithotypes and of washed residues from the more
clayey layers allows recognition of a few taxa. Rare and
poorly preserved Favusella washitensis occur in 535-
17,CC. Core 18 contains rare and poorly preserved Cre-
taceous planktonic foraminifers, of which an occasional
specimen is similar to one or another of the Vraconian
fauna (e.g., ?7Planomalina buxtorfi). Core catcher sam-
ples from Cores 19 to 28 contain very rare planktonic
foraminifers; F. washitensis and unidentified hedbergel-
lids are the only recurrent forms. This interval contains
several layers of coarse redeposited shallow-water mate-
rial, sometimes very rich in larger agglutinated foramin-
ifers (535-22,CC; 535-23-1, 11-32 cm; 535-23-4, 21-23 cm;
535-23,CC; 535-25-3, 82-84 cm). The species recognized
are Orbitolina texana, Paracoskinolina sunnilandensis,
and a phylogenetically advanced specimen of Cuneoli-
na, which may indicate an early, possibly middle, Albi-
an age. Miliolids, fragments of rudist, thick-shelled pe-
lecypods, and echinoids are associated in large amount
with the orbitolinids. Thinner coarse layers contain mainly
fine fragments of megafossils (presumably the same as
in the coarsest layers), miliolids, and a form related to
the genus Nezzazala.

The more clayey laminated limestone of 535-28,CC
yields a medium-rich foraminiferal fauna composed of
some planktonic but mainly benthic forms. The benthic
assemblage is composed largely of allochthonous forms
typical of shallow-water environment.

With the occurrence of more clayey layers in the in-
terval from Section 535-31-6 to Core 42, the number of
levels yielding relatively rich, slightly better-preserved,
planktonic foraminifers increases. The best assemblage,
in terms of richness as well as diversity, was recovered
from 535-32-3, 110-112 c¢m (gray marly limestone). F.
washitensis, Hedbergella rischi, H. planispira, H. cf. in-
Jfracretacea, Ticinella primula, and T. “praeberggiensis,”
the ancestral form of T. breggiensis, have been identi-
fied among others. They are characteristic of the Tici-
nella primula/H. rischi Zone of middle Albian age. The
associated benthic assemblage is composed of Spirillina
minima, S. tenuissima, Ammodiscus cretaceous, Bathy-
siphon sp., and Praebulimina, indicating a mid-bathyal
environment.

The same planktonic assemblage, varying in abun-
dance, occurs downhole through Core 35. Coarser lay-
ers containing shallow-water material are rare in this
interval; very minute fragments are recorded only in
535-32-3, 78-82 cm.

The interval from Cores 36 to 39 yields H. planispira
associated with F. washitensis. Planktonic faunas are
mainly composed of small species except for F. washi-
tensis and are indicative of an early Albian age. The
benthic assemblages indicative of the mid-bathyal zone
become more prominent in the shallow-water faunas.
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Calcispherulids are common in some layers of this in-
terval as well as some organic matter and fish debris
(535-35-3, 29-32 cm; 535-37-1, 22-23 cm).

The several laminated layers from this interval con-
tain small reworked shallow-water benthic foraminifers,
such as Trocholina, Patellina, Conorotalites associated
with common ostracodes and fragments of megafossils
(535-36-1, 80-82 cm).

The interval from Cores 40 to Section 535-43-2 yields
scattered Ticinella bejaouaensis and some Hedbergella,
also belonging to the lower Albian. Some layers (535-
41-5, 121-122 cm; 535-41-6, 2-3 cm; 535-42,CC) yield
much fish debris, common fecal pellets, protochonchs
of ammonites, and large crinoid fragments. Carbona-
ceous matter is present in variable amounts. Planktonic
foraminifers are generally small, the larger specimens
reach only 200 pm. The richer, mid-bathyal, benthic as-
semblages consist mainly of single species of the genera
Spirillina, Conicospirillina, Bathysiphon, Reophax, and
Dentalina. They are frequently pyritized; pyrite infills
the tests of planktonic foraminifers.

Radiolarians are abundant to very abundant in 535-
27,CC; Cores 18 through 20; and 535-28,CC. Elsewhere
they are rare. Their preservation, whatever the abun-
dance, is very poor. They are always heavily recrystal-
lized and frequently are calcified. In the dark clayey lay-
ers, radiolarians are totally pyritized with frequent de-
struction of the tests.

Aptian forms appear in Section 535-43-3 in associa-
tion with a pronounced lithic change. Section 535-43-3
and Core 44 contain H. gorbachikae, H. trochoidea, H.
similis, Globigerinelloides barri, G. ferreolensis, and Plan-
omalina cheniourensis. This fauna is correlative with the
H. gorbachikae Zone of the upper Aptian. Core 45 con-
tains Caucasella sp., G. maridalensis, G. blowi, G. cf.
duboisi, H. cf. infracretacea, and H. occulta, which in-
dicate the G. maridalensis/G. blowi Zone. Based on the
occurrence of both zonal markers and the absence of G.
blowi and G. maridalensis, Core 46 is attributed to the
G. gottisi/G. duboisi Zone. Both mentioned zones are
early Aptian in age.

Except for rare H. sigali in 535-47-2, 38-41 cm, rare
to few Caucasella spp. are the only planktonic foramini-
fers found in Cores 47 through 64. The rare to sparse
benthic faunules are dominated by simple forms, such
as species of Ammodiscus, Spirillina, and Conicospiril-
lina. The frequency and diversity are thus very low. All
of the taxa are long ranging and without correlative util-
ity, leaving that responsibility of age determination to
the nannofossils.

Radiolarians are few to common but are much more
abundant and persistent than the foraminifers. Their di-
versity is low, however, for radiolarian assemblages, but
they provide some basis for inferences about deposition-
al environment.

Both foraminifers and radiolarians are pyritized in
most of the dark and organic-rich rocks. The relation-
ship is most pronounced in the black shales, which con-
tain little other than small residues of radiolarians and a
few foraminifers. The dark, often laminated, marly lime-
stones typically contain pyritized foraminifers and radi-
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olarians and calcitic, recrystallized benthic foraminifers.
The lighter limestones contain a mixture of pyritized
and calcitic recrystallized benthic and planktonic fora-
minifers.

The interval from Cores 65 to 79 (bottom of hole) is
distinguished by the well-known calpionellid assemblage
of earliest Cretaceous age. Calpionellids are first en-
countered in 535-65-2, 25-27 cm. They are most com-
mon in light-colored, micritic limestones, which are more
frequent in this interval than in the overlying ones. The
interbedded, dominant gray layers, mainly laminated,
contain only poorly preserved radiolarians, frequently
associated with minute dolomite crystals.

The calpionellids occurring from Core 65 through Sec-
tion 535-76-1 belong to the calpionellid Zone E (= Cal-
pionellites Zone) of early Valanginian age. Section 535-
76-2 contains a rich calpionellid assemblage attributable
to Subzone D3 of Calpionellopsis Zone. The Valangini-
an/Berriasian boundary falls within this interval. The
Subzone D2 of Calpionellopsis Zone is recorded in Core
77 through Section 535-79-1 based on the occurrence of
the diagnostic species C. simplex. The Subzone D1 of
the Calpionellopsis Zone is the oldest identified in Sec-
tion 535-79-2. Thus, the upper Berriasian appears to be
fully represented at Site 535 and the hole possibly bot-
tomed in the very top of the lower Berriasian.

The softer, dark marly layers intercalated within lime-
stones yield relatively rich mid-bathyal benthic assem-
blages similar to those recorded higher in the hole. Rare
planktonic globigerinids, mainly heavily pyritized, oc-
cur all the way through this interval.

Displaced shallow-water debris and benthic foramini-
fers are either associated with the autochthonous ben-
thic assemblages or found in thin lenses in the laminated
limestones.

Nannofossils

Cores 1 through 17 contained calcareous nannofos-
sils of the Emiliania huxleyi Zone (CN15) of late Pleis-
tocene to Holocene age. The top of Core 1 (0-60 cm)
is composed of foraminiferal mud with well-preserved,
abundant, calcareous nannofossils. Little reworking of
pre-Pleistocene nannofossils is evident in this biogenic
deposit. From 535-1-1, 60 cm to the base of Core 17, the
sediment consists of brown mud with common to few
calcareous nannofossils. This brown mud contains two
distinct assemblages. The younger is a homogeneous
Neogene flora consisting in part of Emiliania huxleyi,
Gephyrocapsa oceanica, G. caribbeanica, Helicoponto-
sphaera spp., Discoaster spp., Sphenolithus abies, and
Reticulofenestra pseudoumbilica. The older assemblage
recovered from this mud is Upper Cretaceous in age and
may compose up to 75% of the nannofossil assemblage.
This flora is characterized by Eiffellithus turriseiffeli,
Micula staurophora, Prediscosphaera cretacea, E. exi-
mius, and Gartnerago obliquum.

The interval from 535-17,CC (partim) through Core
79 (terminal depth) is Early Cretaceous in age. Samples
of the hard limestone from 535-17,CC and Core 18 con-
tain only dissolution-resistant forms such as Lithastri-
nus floralis, Parhabdolithus angustus, Watznaueria spp.,



and Rucinolithus irregularis. These species suggest an
Aptian through Albian age for Cores 17 and 18. Clay-
rich beds within the laminated limestones of Cores 19
and 20 contain a moderately rich, moderately well-pre-
served flora that includes Prediscosphaera cretacea, L.
Sfloralis, and Parhabdolithus angustus. The absence of
E. turriseiffeli suggests the Prediscosphaera cretacea Zone
of early Albian to (early) late Albian age.

The hard limestones recovered in Cores 21 through 31
yield only poorly preserved, sparse assemblages of cal-
careous nannofossils. Assemblages contained only the
most dissolution-resistant nannofossils, such as L. flo-
ralis and Nannoconus truitti. Those species that were re-
covered were typically heavily overgrown.

An increase in the clay content of some of the lami-
nations within the limestone in Core 32 and subsequent
cores resulted in better recovery of calcareous nannofos-
sils from these intervals. Within these clay-rich laminae,
nannofossils varied from common to abundant with mod-
erate to good preservation. Core 32 through 535-39-3,
27-39 cm contain assemblages with L. floralis, Parhab-
dolithus angustus, Chiastozygus litterarius, Corallithion
achylosum, and N. truitti. In addition, broken fragments
of shields and stems of Prediscosphaera cretacea s.1. are
present, indicating that the P crefacea Zone extends in-
to Core 39.

The interval from Cores 40 through 43 contains as-
semblages similar to the overlying strata, except that P
cretacea is absent. This cored interval has been assigned
to the Parhabdolithus angustus Zone of late Aptian to
early Albian age. The relative abundance of nannoco-
nids in many samples within this interval is probably the
result of selective dissolution of the nannofossil assem-
blage.

Samples 535-44-1, 79-80 cm and 535-44-2, 50-51 cm
contain a moderately well-preserved nannofossil assem-
blage within clay-rich, pyritic, black marly limestones
that are intercalated in hard limestones. These black mar-
ly limestone horizons yield assemblages that contain
Chiastozygus litterarius but not L. floralis nor P. angus-
tus. This core is placed in the C. litterarius Zone of lat-
est Barremian to early Aptian age. Cores 45 and 46 yield
only nondiagnostic nannofossil assemblages.

The black marly limestones of Cores 47 through 50
contain good assemblages of nannofossils, which includ-
ed Lithraphidites bollii. This interval is placed within
the L. bollii Zone of early Barremian to late Hauterivi-
an age. Cruciellipsis cuvillieri is also present in Cores 48
through 50. The occurrence of L. bollii and C. cuvillieri
together indicates a “middle” Hauterivian age for Cores
48 through 50.

Samples from the black marly limestones in Cores 51
through 72 contain moderate to good nannofossil as-
semblages. The species present include Calcicalathina
oblongata, Cruciellipsis cuvillieri, N. colomi, Micran-
tholithus obtusus, and Bipodorhabdus colligata. This
interval has been placed within the Calcicalathina ob-
longata Zone of early Valanginian to early Hauterivian
age. It should be noted, however, that the upper bound-
ary of this zone, marked by the first occurrence of L.
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bollii, may be a function of the dissolution of L. bollii
rather than its evolutionary appearance. Cores 63 through
68 contain sporadic occurrences of Diadorhombus rectus
and Tubodiscus verenae. These two species have been
used by Roth (1978) to delineate a zone in the late to
“middle” Valanginian. Wind and éepek (1979) note,
however, that both of these species may range into the
Hauterivian.

Cores 73 through 79 contain black marly limestones
with well-preserved assemblages of the Refecapsa an-
gustiforatus Zone (late Berriasian to early Valanginian).
The species present include R. angustiforatus, Cruciel-
lipsis cuvillieri, Cretarhabdus conicus, Lithraphidites
carniolensis, and N. colomi.

Site 539
Foraminifers

Hole 539

Sediment was recovered from the mudline, Cores 1
and 2. Below the latter, harder material was encountered
and penetration ended because of inadequate seat for
the bottom-hole assembly.

Material of the mudline contained abundant ptero-
pods, foraminifers, and some sponge spicules. The fora-
minifers are both Recent and late Pleistocene in age, but
mainly the latter. The foraminifers from 539-1,CC are
also of Pleistocene age, but the fauna is dominated by
globigerinid forms, and many of the typical carinae and
globigerinoid species are absent, indicating a paleoenvi-
ronment of colder water and a glacial stage. Both the
physical aspect and the foraminiferal fauna from Core 2
appear older than Pleistocene. The fauna includes late
Pliocene to early Pleistocene forms, such as Globorota-
lia miocenica and G. pertenuis in abundance and few G.
truncatulinoides. However, somewhat older forms, such
as Globigerina nepenthes, G. venezuelana, and Globo-
quadrina altispira were not seen. An attribution to the
latest Pliocene is suggested.

Hole 5394

The drilling in Hole 539A recovered one sediment core
before drilling was abandoned. The interval from 0 to
135 ¢m in Section 539A-1-1 contains a rich, planktonic
foraminiferal assemblage of Holocene age. Upper Pleis-
tocene planktonic foraminiferal faunas with cold-water
affinities occur in the interval from 539A-1-1, 136 cm
through 539A-1-2, 78 cm. The keeled Globorotalia of G.
tumida group and G. cultrata-G. menardii group are
lacking. G. truncatulinoides is represented only by se-
nestral individuals. Neogloboquadrina dutertrei and G.
crassula occur in some amount. The interval from 539A-
1-2, 79 cm through 539A-1-3, 92 cm contains upper Mi-
ocene planktonic foraminiferal assemblages. They can
be attributed to Zone N18 through the upper part of
Zone N17. Faunas are from moderately to strongly dis-
solved. The color change at Section 539A-1-1, 125 cm
corresponds to the appearance of large amount of pyrite
nodules. Pyrite infills foraminiferal tests and burrows.
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The remainder (539A-1-3, 93 cm to 539A-1,CC) con-
tains a rich assemblage of late Oligocene age, attributed
to the upper part of G. opima Zone (= P21b).

Calcareous Nannofossils

Hole 539

The drilling in Hole 539 recovered two sediment cores
before the hole was abandoned. The interval from Core
1 through 539-2-2, 130 cm contains nannofossil assem-
blages that include Emiliania huxleyi, Gephyrocapsa oce-
anica, G. caribbeanica, and Ceratolithus cristatus. This
assemblage indicates the E. huxleyi Zone (CN15) of late
Pleistocene to Holocene age. The interval from 539-2-2,
132 cm to 539-2,CC contains assemblages that include
Discoaster pentaradiatus, D. brouweri, and C. rugosus
but lack D. surculus. This interval is assigned to D. pen-
taradiatus Subzone (CN12c) of late Pliocene age. Both
cores recovered sediment that contains abundant, well-
preserved nannofossil assemblages.

Hole 5394

The drilling in Hole 539A recovered one sediment core
before drilling was terminated. The interval from 539A-
1-1, 0 cm through 539A-1-2, 90 cm contains assem-
blages typical of the Emiliania huxleyi Zone (CN15) of
late Pleistocene to Holocene age. The interval from
539A-1-2, 90 cm through 539A-1-3, 85 cm contains Dis-
coaster asymmetricus and D. quinqueramu. This assem-
blage indicates the D. quinqueramus Zone (CN9) of late
Miocene age. The interval from 539A-1-3, 92 ¢m to
539A-1,CC is of the Sphenolithus ciperoensis Zone
(CP19) of late Oligocene age. Species present in this in-
terval include S. ciperoensis, S. distentus, S. predisten-
tus, Cyclicargolithus abisectus, C. floridanus, and Dic-
tyococcites bisectus.

Site 540

Summary

The micropaleontologic nature of the lithologic units
is described below.

Unit I (Core 1) is a nannofossil marl of late Pleisto-
cene (N22; CN15) age. Nannofossil assemblages include
sparse reworked Pliocene, Miocene, and Upper Creta-
ceous species. No reworked foraminifers were observed.

Unit II (Cores 2 to 30) consists of upper Paleocene
through upper Miocene nannofossil-foraminiferal ooze,
chalk, and marly limestone with some volcanic ash lay-
ers. The Tertiary sedimentary record is interrupted by at
least seven hiatuses, some of which are marked by obvi-
ous unconformities.

Cores 2 through 5 are upper Miocene (N17-N16; CN9).
Middle Miocene microfossils occur as reworked elements
of the assemblages from this interval. Core 6 through
540-7-1, 30 cm (in Unit IIb) are middle Miocene (N13;
CNG6). The interval from 540-7-1, 34 cm through Core
21 includes a thick sequence of upper Oligocene (P22-
P21; CP19-CP18) sediments. The sediments in Core 22
through 540-23-2, 27 cm contain planktonic foramini-
fers of early Oligocene (P20-P19) age. The nannofos-
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sils, however, indicate a slightly younger age for this
part of the section. This discrepancy is probably the
result of the difficulty in distinguishing early forms of
Sphenolithus distentus from its immediate ancestor S.
predistentus. Thus, the foraminiferal age determination
is probably more valid for this interval than that derived
from the calcareous nannofossils. Foraminiferal and
nannofossil data are in agreement in assigning the inter-
val from 540-25-1, 0-85 cm to the early Oligocene (P17;
CP16).

The interval from 540-25-1, 110 cm through 540-27-1
is assigned to the late Eocene (P17-P16; CP15). The in-
terval from 540-27,CC through Core 28 contains middle
Eocene (P12; CP13b) microfossil assemblages. Both mi-
crofossil groups agree on the assignment of Core 29 to
the early Eocene, although dissolution makes zonal de-
termination of the entire core difficult. Nannofossils
indicate that Section 540-29-1 is in Zone CP12, and
planktonic foraminifers indicate that 540-29,CC is in
Zone P8. Because the foraminiferal Zone P8 is equiva-
lent to part of the nannofossil Zone CP12, the age of
Core 29 appears to be consistent.

The interval from 540-30-1 through 540-30-2, 40 cm
is assigned to the late Paleocene (CP8; P6). The interval
from 540-30-2, 41 cm through 540-30,CC is in forami-
niferal Zone P4 and the nannofossils are of Zone CP5
and CP6 (partim). This indicates a small hiatus in the
Paleocene.

Unit III is a complex redeposited unit consisting of
pebbly chalks, a fining-upward interval of volcanic and
calcareous sandstone and conglomerate, and another
thick pebbly chalk with folds and large clasts. The up-
per pebbly unit in Core 30 contains upper Paleocene as-
semblages, the sandstone and conglomerate sequence in
Core 31 contains Campanian-Maestrichtian planktonic
foraminifer species, and the upper part of the lower
pebbly chalks contain middle Cenomanian assemblages.
Thus, the unit ranges in age from late Paleocene to mid-
dle Cenomanian and represents several different periods
or pulses of debris flow and turbidity current deposi-
tion.

Unit IV (Cores 36 through 53) consists of rhythmic
alternations of light-colored and dark limestone with some
black chert and layers of neritic carbonate sand. The
age of this unit is early Cenomanian through late Albi-
an. The nannofossils within this unit are of the Eiffel-
lithus turriseiffeli Zone (Cores 36 through 49) of late Al-
bian through early Cenomanian age and of the Predis-
cosphaera cretacea Zone (Cores 51 through 53) of early
Albian through early late Albian age. The age of Core
50 is indeterminant based on nannofossil evidence. The
planktonic foraminifers yield a more detailed biostrati-
graphic division during this period of time than do the
nannofossils. Planktonic foraminifers indicate a three-
fold division of Unit IV. Cores 37 through 40 are as-
signed to the Rotalipora brotzeni Zone of early Ceno-
manian age. Cores 41 through 45 are in the Planomalina
buxtorfi Zone of latest Albian (= Vraconian) age. The
remainder of Unit IV (Cores 46 through 53) is assigned
to the Ticinella breggiensis Zone of late Albian age. The
occurrence of the ammonites Turrilitoides and Scaphites



(Young, this volume) in Core 44 indicate a latest Albian
(Vraconian) age, which is in agreement with microfossil
data.

Unit V (Cores 54 through 77) consists of fine-grained
limestones that contain fine calcareous silt/sand in the
middle portion (Core 67 through Section 540-17-1). This
unit is entirely within the Prediscosphaera cretacea nan-
nofossil Zone of early Albian through early late Albian
age. The higher resolution of the planktonic foramini-
fers indicates that Cores 54 through 70 are within the Ti-
cinella breggiensis Zone of late Albian age, whereas
Cores 71 through 76 are within the middle Albian 7. pri-
mula-Hedbergella rischi Zone.

Unit VI (Cores 77 through 79) consists of fine-grained
limestone with abundant coarse skeletal debris. The age
of the unit remains uncertain. It may still belong to the
T. primula Zone (B cretacea nannofossil Zone). Shelf-
derived foraminifers such as Favusella washitensis are
common in the marly layers. Echinoid spines, crinoid
fragments, and ostracodes are abundant. These fossils
indicate the influx of shallow-water material to Site 540
during the middle to late Albian.

Foraminifers

Pleistocene foraminifers occur only in Core 1. A fair-
ly typical fauna of the Globorotalia truncatulinoides Zone
(N22) was recovered.

The Miocene extends from Core 2 to 540-7-1, 34 cm.
Core 2 is correlative with N17 of the upper Miocene, in-
dicating a hiatus of at least 5 Ma. Dissolution distorts
the faunal content and reduces the frequency and pres-
ervation.

The long Oligocene succession (540-7-1, 35 cm through
540-25,CC) is upper Oligocene down to 540-23-2, 27
cm. Lower Oligocene species occur from there down to
540-24,CC, and concurrent nannofossils down to 540-
25-1, 85 cm, immediately above an ash layer at 540-25-1,
85-110 cm. The presence of the ash and the brevity of
the lower Oligocene suggest a hiatus above or below the
ash bed.

The interval from 540-25-1, 110 cm to 540-27-1 was
assigned to the uppermost Eocene Turborotalia cunialen-
sis Zone on the basis of the assemblage in 540-25,CC.
Foraminifers from the rest of the interval are poorly pre-
served, and assignment is based on nannofossil data.
Poorly preserved foraminifers also prevail in residues
down to 540-30,CC, but the fauna of 540-28,CC was
correlated with the Morozovella lehneri Zone of the
middle Eocene and that of 540-29,CC with the M. ara-
gonensis Zone of the early Eocene. Late Paleocene spe-
cies of the Planorotalites pseudomenardii Zone (P4) oc-
cur in 540-30-2, 32-35 cm and 540-30,CC.

The interval from Cores 31 through 36 is an extremely
complex succession of turbiditic sediments, including
hardgrounds; interpretation is complicated by poor core
recovery. Faunas from some laminae of Core 31 are
dominated by planktonic species of the Campanian-
Maestrichtian, indicating the Late Cretaceous in spite of
populations of widely mixed, Albian to Maestrichtian
species in most residues. Cores 32 through 36 contain
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rotaliporas and other species of the Rotalipora brotzeni
Zone.

Beginning with Core 37, light gray, mottled and/or
laminated limestones with minor, thin intervals of dark
marly limestone occur and continue to 540-76,CC. Al-
though, with rare exceptions, the limestones could not
be disaggregated, those of the softer, dark beds could
be. These beds yielded well-preserved, although some-
what narrow, faunas, particularly within the Planomali-
na buxtorfi Zone of the uppermost Albian (Cores 41
through 45) and the upper part of the Ticinella breggi-
ensis Zone. With increasing depth, the softer, dark beds
became fewer and the foraminiferal fauna more restrict-
ed. Consequently, continuation of the upper Albian T.
breggiensis Zone was based on the intermittent but con-
tinuing presence of 7. raynaudi and absence of indica-
tors of older horizons.

Below Core 70, T. raynaudi is absent and planktonic
foraminiferal fauna contain only 7. primula, Hedbergel-
la rischi, and H. planispira. This assemblage has been
assigned to T. primula-H. rischi Zone of middle Albi-
an. T. primula and H. rischi have not been found in
Cores 78 and 79; the age of the lowermost interval re-
covered at Site 540 remains thus open. Cores 78 and 79
may still belong to the T. primula Zone.

Cores 77 through 79 differ markedly in lithologic and
paleontologic qualities from the overlying sequence. Skel-
etal particles of wide range in size occur in layers and as
constituents of largely fine-grained limestone. Planktonic
foraminifers from minor argillaceous layers change pre-
dominantly to shelf species, including well-preserved,
large specimens of Favusella washitensis. Benthic forms
become common, as they were at Site 535. Echinoderm
material such as echinoid spines, microcrinoid frag-
ments, and various ostracodes are also abundant. The
autochthonous benthic assemblages of the fine-grained
limestones are characteristic of mid-bathyal zone; Prae-
bulimina, Ellipsoidella, Gaudryina, and Osangularia are
the best-represented genera.

Calcareous Nannofossils

Core 1 contains assemblages that include Emiliania
huxleyi, Gephyrocapsa oceanica, G. caribbeanica, and
Ceratolithus cristatus, indicating the E. huxleyi Zone
(CN15) of late Pleistocene through Holocene age. In ad-
dition, reworked nannofossils of Miocene and Pliocene
age, as well as some Cretaceous species, occur as minor
elements of these assemblages.

The sediments in Cores 2 through 7 (partim) are of
Miocene age. Cores 2 through 5 contain Discoaster berg-
grenii, D. quinqueramus, and Triquetrorhabdulus rugo-
sus, indicating the D. quinqueramus Zone (CN9) of late
Miocene age. Numerous middle Miocene species, such
as D. neohamatus, D. bollii, and Catinaster coalithus,
occur as reworked elements of these assemblages. The
abundance of these reworked species increases (strati-
graphically) downwards. The youngest components in
the assemblages in the interval from Core 6 through
540-7-1, 30 cm are of the C. coalitus Zone (CN6) of the
middle Miocene. Species present include C. coalitus, D.
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bollii, and T. rugosus. D. kugleri occurs as a reworked
component in some samples in this interval.

The sediments in Cores 7 (partim) through 25 (par-
tim) are of Oligocene age. The interval from 540-7-1,
34 cm through Core 19 contains Sphenolithus ciperoen-
sis, S. predistentus, and Dictyococcites bisectus, indi-
cating the S. ciperoensis Zone (CP19) of late Oligocene
age.

Cores 20 and 21 contain S. distentus and S. predis-
tentus but lack S. ciperoensis, indicating the S. distentus
Zone (CP18) of late Oligocene age. Cores 22 through 24
contain S. predistentus with neither Reticulofenestra um-
bilica nor R. hillae. This association indicates the S. pre-
distentus Zone (CP17) of early Oligocene age. S. predis-
tentus, R. umbilica, and R. hillae are found in 540-25-1,
0-85 cm, indicating the Helicopontosphaera reticulata
Zone (CP16) of early Oligocene age. A prominent ash
layer (from 540-25-1, 87-110 ¢cm) of indeterminant age
separates the overlying Oligocene sequence from the un-
derlying strata.

The interval from 540-25-1, 110 cm through 540-27-1
contains D. barbadiensis, D. saipanensis, and sporadi-
cally occurring Isthmolithus recurvus, indicating the D,
barbadiensis Zone (CP15) of late Eocene age. The oc-
currence of I. recurvus in some samples (e.g., 540-26-1,
86-88 cm) denotes the I. recurvus Subzone (CP15b) of
latest Eocene age. However, because I. recurvus occurs
only sporadically through part of this interval, classifi-
cation at the subzonal level is not warranted for the en-
tire interval.

The interval from 540-27,CC through Core 28 con-
tains Nannotetrina quadrata and Chiasmolithus gigas,
indicating the C. gigas Subzone (CP13b) of middle Eo-
cene age. Section 540-29-1 contains D. lodoensis and D.
sublodoensis but lacks N. guadrata. This interval is as-
signed to the D. sublodoensis Zone (CP12) of the late
early Eocene through early middle Eocene. The interval
from 540-29-2 through 540-29,CC contains a dissolu-
tion assemblage whose zonal affinities are, as yet, un-
certain. The presence of D. lodensis and D. barbadien-
sis, does, however, indicate an Eocene age for this inter-
val.

Core 30 contains Paleocene sediments. The interval
from 540-30-1, 0 cm through 540-30-2, 40 cm contains
D. multiradiatus, D. mohleri, and sparse Heliolithus
kleinpellii, indicating the D. multiradiatus Zone (CP8)
of late Paleocene age. A sharp lithologic boundary oc-
curs at 540-30-2, 40 cm. The interval from 540-30-2, 45
cm through 540-30,CC contains H. kleinpellii, Fascicu-
lithus tympaniformis, and C. danicus but lacks any spe-
cies of the genus Discoaster. This interval is assigned to
the H. kleinpellii Zone (CP5) of early late Paleocene
age.
The interval from Core 31 through 540-36-1, 60 cm is
composed of sediments that, based on lithologic crite-
ria, are obviously redeposited. Nannofossil assemblages
within this interval yield differing ages. The vast majori-
ty of samples within this interval contain assemblages
typical of the Eiffellithus turriseiffeli Zone of late Albi-
an through early Cenomanian age. One sample (540-31-1,
12-13 cm), however, yields an assemblage that includes
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Micula mura and Lithraphidites quadratus, indicating
the M. mura Zone of middle to late Maestrichtian age.
This Maestrichtian sample is from sediments intercalat-
ed between two cross-bedded intervals that appear to be
an integral part of the redeposition lithologic unit. This
implies that the redeposition of at least part of this lith-
ologic unit was at least as young as the middle to late
Maestrichtian. The consistent E. turriseiffeli assemblage
(late Albian through early Cenomanian) recovered from
the majority of the redeposited unit (both matrix and
some clasts) probably indicates the age of the sediment
that was mobilized and redeposited.

Below this redeposited interval is a thick Albian
through Cenomanian carbonate sequence with some
black chert and marly interbeds. The interval from 540-
36-1, 60 cm through Core 49 contains E. turriseiffell,
Prediscosphaera cretacea, and Parhabdolithus angus-
tus, indicating the E. turriseiffeli Zone of late Albian
through early Cenomanian age. The preservation of the
assemblages, however, was rather poor to moderate.
Thus the next younger zonal marker, L. acutus, may not
have been preserved well enough to be recognizable. The
Turonian zonal marker species Gartnerago obliquum
and M. staurophora would have, in our opinion, been
preserved and recognizable had they been present.
Therefore, the age of the interval from 540-36-1, 60 cm
through Core 49 is given as late Albian through Ceno-
manian.

Samples from Core 50 were devoid of age-diagnostic
nannofossils. The interval from Cores 51 through 79
contains Prediscosphaera cretacea, Parhabdolithus an-
gustus, and Lithastrinus floralis. This interval is assigned
to the Prediscosphaera cretacea Zone of early Albian
through (early) late Albian age. Preservation of nanno-
fossils is sporadic throughout this interval. The majority
of the hard limestones yield only very sparse assem-
blages of poorly preserved nannofossils. The clay-rich
(“marly”) layers do, however, yield sufficiently well-pre-
served nannofossil assemblages for age-diagnostic pur-
poses. Even the clay-rich layers, however, contain a high
percentage of amorphous calcite, which greatly dilutes
the nannofossils.

Summary of the Transect

Sites 535, 539, and 540, located along a transect west
of the Florida Escarpment, represent a discontinuous
stratigraphic succession ranging in age from Holocene
through late Berriasian.

Holocene and late Pleistocene ages are recorded by
two different facies: (1) a nannofossil-foraminiferal ooze
of the upper slope at Sites 539 and 540 and (2) a turbi-
ditic clay in a canyon at the base of an escarpment at
Site 535.

Only two short intervals containing Neogene micro-
fossil assemblages were recovered: (1) parts of the upper
Miocene nannofossil Zone CN9 and the planktonic fo-
raminiferal Zones N17 and N16 at Sites 539 and 540,
and (2) part of the middle Miocene nannofossil Zone
CN6 and planktonic foraminiferal Zone N13 at Site 540.

Paleogene assemblages are better represented in the
recovered sequence at Site 540. In particular, the strati-



graphic record consists of a complete sequence of Oligo-
cene except for its very oldest layers; some late (P17-
P16), middle (P12, CP13b), and early (P8, CP12) Eo-
cene; and foraminiferal Zone P4 and nannofossil Zone
CP8 of the late Paleocene.

The biostratigraphic record for late Paleocene through
late Cenomanian is practically missing. Rare specimens
indicate the presence of some Campanian-Maestrichtian.

According to the occurrences of ammonites in Holes
535 and 540 (Young, this volume), a substantial overlap
of the Cenomanian through middle Albian interval of
these holes exists. However, the Cenomanian sediments
recovered are different. At Site 535 the interval from
535-17,CC through 535-43-2 (240 m in length) is domi-
nantly laminated limestone with conspicuous shallow-
water components. Correlative sediments at Site 540
(Cores 32 through 40; 85 m in length) consist of an up-
per unit of pebbly mudstone with volcanic sandstone
and a lower unit of limestone, laminated limestone, and
rare chert.

The interval from Core 540-41 to terminal depth (360 m
in length) at Site 540 is a continuous sequence of late
Albian through middle Albian age. Apparently this in-
terval of Site 540 is recorded at Site 535 by only the
scaphitid-bearing rubble of Core 45.

Age of Lithologic Unit II, Hole 535

The age of Lithologic Unit IT (154-387 m; Cores 535-
17 to 535-42) in Hole 535 is somewhat controversial.
Preliminary shipboard analysis of microfossils suggest-
ed that the interval was mainly middle to early Albian in
age (Fig. 3). Postcruise investigation of ammonites, how-
ever, indicated a possible late Albian(?)-Cenomanian(?)
age (see Young, this volume). A good juvenile specimen
of Acompsoceras in Core 535-31 was dated as middle
Cenomanian, but a Scaphites in Core 535-45 was dated
as latest late Albian. The specimen in Core 45 was
found in rubble along with a good Aptian section based
on microfossils. It was considered as a sample displaced
or caved from somewhere further up the hole.

Based only on these two ammonite occurrences, this
entire 233 m interval was assigned a late Albian(?)-mid-
dle Cenomanian(?) age, ignoring the Albian microfauna
and microflora data reported earlier in the shipboard re-
ports. These older microfossils, which are a mixture of
shallow-water and mid-bathyal forms, were considered
to be reworked material.

Some of the scientific party question the Cenoma-
nian age for this interval and still believe that the inter-
val is from the middle-early Albian. This conclusion is
based on the following evidence.

1. There are some good early-middle Albian forami-
niferal faunas and nannofloras preserved in this section
that occur in a logical age sequence (see this site chap-
ter and Premoli Silva and McNulty; Lang and Watkins;
Watkins and Bowdler, all this volume).

2. Postcruise palynologic investigations of Hole 535
support the Albian age for this interval (see Riley and
Fenton, this volume).

3. The lithology and thickness of this sequence (233 m
of laminated and bioturbated limestone) is completely
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different from the middle Cenomanian section at Hole
540 (53 m of pebbly chalks). It is more like the lithology
of Unit III below, suggesting a continuation of similar
sedimentation.

4. An early-middle Albian age for this interval would
follow directly the Aptian age for Unit III below, mak-
ing a logical and continuous age sequence. A Cenoma-
nian age would mean a large hiatus or unconformity ex-
ists at the boundary between Units II and III.

5. No Cenomanian microfossils were found in the
unit to support the ammonite age, although it is possi-
ble that Cenomanian pelagic faunas could have been
overwhelmed by reworked material and not detected.

6. It is difficult to imagine a nearby source for mid-
bathyal Albian microfossils. Intense erosion or scouring
at mid-bathyal depths by bottom currents to expose old-
er deep-water Albian sections during the middle Ceno-
manian would be required.

7. The seismic data (i.e., Line SF-15, Fig. 2) argue
strongly for the Albian age. These data suggest that
Hole 535 drilled through the lower part of a unit just be-
low seismic Unconformity 1. The top of this unit (Un-
conformity 1) was just reached at Hole 540 and dated as
middle Albian (Fig. 2). Thus, the seismic data indicate
that the unit must be as old or older than middle Albi-
an. The only way the interval could be Cenomanian, is
to make it a large, cohesive slump-block, that was dis-
placed from a younger stratigraphic position near the
MCU to a lower position down along an old paleoero-
sional channel (Fig. 2). There is no evidence for this on
the seismic data, although such a block could easily be
below the resolution of the seismic data and masked by
diffractions (Fig. 2).

8. The lithology in the upper part of the seismic unit
just below Unconformity 1 is similar in both Holes 535
and 540. Coarse skeletal debris is found in the bottom
of 540 as well as in the upper parts of 535, suggesting a
similar origin for the hummocky, discontinuous seismic
facies observed in this unit (Fig. 2).

In summary, both the microfossil data and the seis-
mic stratigraphy argue for an Albian age and against a
Cenomanian age. However, the ammonites, although ju-
venile specimens, are age diagnostic. This controversy
cannot be solved at this time without further work.

SEDIMENTATION RATES

Site 535

The sediment recovered in Cores 1 through 17 (par-
tim) consists mostly of Holocene through upper Pleisto-
cene mud and clay. Estimated sedimentation rates of
over 600 m/Ma for this unit represent rapid deposition
in the distal parts of the Mississippi Fan. The sediment
recovered in Cores 17 (partim) through 43 (partim) is
dominated by redeposited material and lack of fossil
control; thus, rate calculations are not possible. Cores
43 (partim) through 46 are characterized by numerous
hiatuses, suggesting significant periods of erosion and/
or nondeposition. No rates were calculated for this sec-
tion either. Cores 47 through 79 (terminal depth) repre-
sent apparent continuous sedimentation from the base
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of the Barremian through the upper Berriasian. Bio-
stratigraphic zones and calculated rates for this interval
are shown below:

Sediment
accumulation
Hole 535 rate
cores Zone (m/Ma)
47-50 Lithraphidites bollii 6
51-72 Calcicalathina oblongata 4
73-79 Retecapsa angustiforata ?

Thus, there is a significant increase in sedimentation rate
in the middle Hauterivian corresponding to the boundary
between lithologic Units III and IV.

Site 540

Seventy-nine sediment cores were recovered at Site
540. Very little sediment represents the upper Neogene,
lower Paleogene, and Upper Cretaceous. The data from
the Oligocene and Albian-Cenomanian intervals do,
however, yield significant results because of the length
of the sequences and absence of hiatuses. The data used
to determine the sedimentation rates are predominantly
derived from the study of core catcher samples.

The Oligocene section (Cores 7 through 25) is appar-
ently represented by nearly continuous sedimentation.
The biostratigraphic data used to define the sedimenta-
tion rates shown on this figure are shown below.

Sedimentation

Hole 540 rate
cores Biozone (m/Ma)
7-12 lower Globigerina ciperoensis Zone, 55

P22
13-18 upper Globorotalia opima Zone, P21a 18
19 middle G. opima Zone, upper P2la; 9

base defined by bottom of the
Sphenolithus ciperoensis Zone

(CP19)

20 lower to middle G. opima Zone, lower 9
P2la

21 lower G. opima Zone and upper Glo- 9

bigerina ampliaperta Zone, upper
P20; base defined by bottom of §.
distensus Zone (CP18)
22 lower G. ampliaperta Zone, lower P20 9
23-24 Cassigerinella chipolensis Zone, P19 8

The sedimentation rates were slow (9 m/Ma) during
the early through earliest late Oligocene (36-28 Ma).
Subsequently, in the late Oligocene, the sedimentation
rate increased rapidly to 18 m/Ma and then 55 m/Ma.
Vail and others (1977) show evidence for a worldwide
fall of sea level at approximately 29 Ma.

The sediment recovered in Cores 35 through 77 ap-
parently represents continuous sedimentation from the
early Cenomanian through the middle Albian. The bio-
stratigraphic data used to define the sedimentation rates
are given below.
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Sedimentation
Hole 540 rate
cores Biozone (m/Ma)
35-40 Rotalipora brotzeni Zone 57
41-45 Planulina buxtorfi Zone 24
46-70 Ticinella breggiensis Zone 119
71-77 T. primula Zone 39

Sedimentation during the late Albian was rapid (119 m/
Ma). This was followed by a decrease in rate of sedimen-
tation during the Vraconian and early Cenomanian.

GEOCHEMISTRY

Site 535

Organic Geochemistry

Ninety-eight rock samples were taken from recovered
material at Site 535 from Cores 12 (100 m) through 79
(706 m) for analysis by the Rock-Eval. From the Rock-
Eval data, CHN and carbonate bomb (49 samples) were
selected. These data were used to determine the hydro-
gen and oxygen indexes and lithology (limestone versus
marl versus shale).

On the basis of lithology, the rocks penetrated at Site
535 are separated into five units. Organic geochemical
analyses indicate that Units I and II are geochemically
distinct and that Units III through V together constitute
a third group (Fig. 16, Table 6). Unit I is an unconsoli-
dated gray mud with visible plant fragments. Unit Il is a
thinly laminated carbonate rock of poor hydrocarbon
source potential. The last group, Units III-V, is a cyclic
carbonate rock of good hydrocarbon source potential.

Unit I was first penetrated at the mudline to a depth
of 154.3 m (535-17-7, 30 cm); it is a poor, immature hy-
drocarbon source-rock. The lithology of this unit is a
gray mud with several carbonate sand intervals. Coring
the soft soupy sediment contorted and obscured most
bedding planes. Calcium carbonate content of the mud
is up to 10%, but the sand can be as high as 59% lime-
stone. Very little to no pyrite is present, but woody de-
bris and plant fragments are common. The origin of the
sediment in Unit I is thought to be mainly the Mississip-
pi River, 800 km to the northwest. There are no oil or
gas indications in this unit.

Six sediment samples from 100 to 154.3 m were ana-
lyzed on the Rock-Eval for richness, type, and thermal
maturity of the organic material (Fig. 16; Tables 6 and
7). The hydrocarbon source potential is poor (average
0.49 mg HC/g rock), and any hydrocarbons that would
be generated, as indicated by the S,/S; ratio, would be
gas (type III kerogen). The maturity parameter, the tem-
perature at maximum evolution of hydrocarbons during
pyrolysis (S, peak temperature), is generally higher than
either of the deeper units, probably as a result of the re-
worked, more mature(?) plant debris. From the produc-
tion index (S;/[S; + S,]), there is no indication of gen-
erated or migrated hydrocarbons.

The type of organic material can be approximated
using the S,/S; ratio from the Rock-Eval analysis, but a
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Table 6. Organic geochemical summary for Units I, II, and III-V for Hole 535.

MNumber Max,

, & Carbon
Core  Sedimentation Rocl:- S2 peak Numb Average  Average
. Thickness  recovery rate ( L HC) (ms H ) S temp _ 51 carbon Organic  Carbonate  hydrogen oxgyen
Unit Age (m) (%o} (m/Ma) mmples g rock g rock g rock Sy (°C) Sy + Sp samples (wt.%o)  (wi1,%) index index
1 Holocene 1o 154.3 69 ~ 600 0.49 22 022 424 0.15 6 117 a2 >100
Pleistocene
11 Albian 2.2 74 29 0.05 1.86 1.13 1.7 417 0.08 1 1.3 75 204 >100
27¢ 0.58 0.97 0.6 0.07 9 0.6 77 152 >100
b 19.1 1.21 15.8 0.01 2 4.7 66 440 a1
111-V  lower Albian to 326.5 69 6-44 63 0.15 10.2 1.5 6.8 424 0.04 32 4.0 59 393 48
Berriasian 62° 0.11
15 0.09 33 0.9 17 0.06 4 0.3 92 193 > 100
28 0.22 18.9 1.9 10.2 0.01 28 4.5 55 422 41
2 Hewlett Packard CHN analyzer.
Carbonate bomb.
:A\-uue after deleting two very rich samples (535-35-5, 15-18 cm; 535-41-5, 118-120 ¢m).
Average of all samples > 5.0 mg/g rock for S3.
€ Average after deleting oil-stained rock (535 58—4 11-13 em; Si = 3.06).
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Figure 16. Organic geochemistry summary, Hole 535 (water depth, 3455.5 m). See text for description and see Table 7 for correlation of sam-
ple numbers with DSDP designations. T.D. = terminal depth. (After Clementz et al., 1976.)
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Table 7. Organic geochemistry data for Hole 535.

Hydrogen Oxygen

b3 S ” index index
Sub-battom 1 2 S pk. Organic
Sample  Core-Sample depth mg HC (M lezmp. = carbon cacrfgn mg HC (M
no. (interval in cm) (m) g rock g rock S2/S3  (°C) Sy + Sp (wr.%e)  (wt.%o) g OC g OC
Unit 1
15 12-2, 100-102 100.00 0.05 0.48 0.23 414 0.09 1.35 36 > 100
16 13-2, 140-142 109.90 0.09 0.35 0.19 415 0.21 1.27 7 > 100
17 14-3, 50-52 120.00 0.06 0.44 0.19 420 0.12 1.06 41 > 100
18 15-3, 100-102 130.00 0.08 0.40 0.16 421 0.17 1.07 s > 100
19 16-1, 78-80 136.28 0.10 0.71 0.33 424 0.11 1.17 61 >100
20 17-2, 43-46 146.93 0.15 0.53 0.22 424 0.2 1.10 48 > 100
Unit II
21 18-2, 67-70 156.67 0.04 0.73 0.72 408 0.04
2 19-4, 136-138 169.36 0 0.73 0.85 413 0 0.40 B85 181 > 100
23 20-1, 139-143 174.89 0.04 0.37 0.46 406 0.10
24 20-5, B3-85 180.33 0.03 0.32 0.46 416 0.08
25 21-1, 79-81 183.79 0.05 0.47 0.39 403 0.09
26 21-4, 30-32 187.80 0.05 0.35 0.27 403 0.12
27 22-4, 100-101 198.00 0.05 0.70 1.14 410 0.07 0.46 2 151 > 100
28 23-5, 0-02 208.00 0.04 0.84 0.94 395 0.04 0.53 85 158 >100
29 24-4, BB-90 216.88 0.06 1.06 0.86 417 0.05
30 25-1, 96-98 221.96 0.06 0.73 0.70 395 0.07
26-1, 22-24 230.72 0.05 0.62 0.67 417 0.08 0.30 85 242 > 100
32 27-2, 103-106 242.53 0.03 0.49 0.32 411 0.07
kK] 28-1, 34-39 249.84 0.02 0.28 0.22 407 0.08 0.46 m 61 =100
34 28-6, 10-12 257.10 0.05 0.59 0.38 415 0.08
35 30-1, 146-148 269.96 0.05 0.35 0.47 412 0.12
36 304, 71-73 271371 0.04 0.46 0.32 388 0.09
37 31-3, 16-19 280.66 0.05 0.23 0.27 410 0.19
38 31-7, 10-12 287.10 0.06 1.00 0.61 404 0.06 0.89 52 112 =100
39 32-3, 8-10 290.58 0.04 0.81 0.76 417 0.05 0.70 68 115 =100
40 33-1, 72-74 297.72 0.02 0.23 0.19 401 0.09
41 34-2, 47-51 308.47 0.04 0.35 0.57 406 0.04
42 35-4, 36-40 320.86 0.03 0.12 0.32 416 0.18
43 35-5, 15-18 s 0.41 17.8 8.09 395 0.02 5.38 57 370 40
44 36-1, 52-54 326.02 0 1.41 1.09 414 0 0.64 68 220 =100
45 37-3, 49-51 338.99 0.03 0.49 0.53 417 0.06
46 38-1, 61-62 345.11 0.06 0.79 1.20 410 0.06 0.60 L5 167 >100
47 39-5, 57-60 360.57 0.06 0.50 0.75 406 0.10
40-1, 103-106 364.53 0.03 0.50 0.78 415 0.06
41-5, 121-123 380.18 0 20.4 23.5 405 0 4.00 75 510 21.7
Units 11I-V
50 42-5, 21-22 388.71 0 .9 15.3 391 0 7.35 65 434 28.3
51 43-1, 10-12 9210 0.01 0.96 0.74 407 0.01
52 43-3, 17-19 395.17 0 376 19.2 407 0 sn 82 720 37.5
53 44-1, B1-82 401.81 0.1 10.7 9.1 420 0.01 1.60 B0 669 T73.8
54 46-2, 24-25 420.74 0.17 4,75 s 421 0.03
55 46-2, 41-42 420.91 0.05 0.63 11.3 421 0.07 0.28 9 223 >100.0
56 47-1, 96-97 428.96 0.12 1.2 13.0 408 0.01 .60 40 in 23.9
57 48-1, 51-52 437.51 0.11 3.98 2.5 417 0.03
58 49-3, 91-92 44991 0.12 9.12 6.1 416 0.01 2.50 50 365 59.6
59 50-2, 75-76 457.25 0.30 21.3 1.1 394 0.01 6.4 29 333 31.6
60 50-3, 27-34 458.27 0.19 11.1 0.7 403 0.02 6.3 a7 176 26.5
61 51-2, 23-25 465.73 0.12 16.2 1.0 400 0.01 5.1 43 318 325
62 52-1, 63-65 473.63 0.06 5.60 4.2 404 0.01 1.32 56 424 100.0
63 53-3, 19-21 480.59 0 8.51 85 406 1] 2.20 56 387 45.5
64 54-2, 96-97 489.46 0.10 2.46 4.7 410 0.04
65 54-6, 51-52 495.01 0 15.1 11.8 401 0 2,70 62 559 47.4
66 55-1, 82-83 497.32 0.04 0.88 22 415 0.05
67 55-4, 61-62 501.61 0 24.3 1.3 383 0 4.60 58 528 39.6
68 56-3, 136-132 510.31 0.08 1.07 1.7 405 0.07
&9 56-5, 78-80 512.78 0 24.0 9.1 393 0 4.48 44 536 58.7
70 57-3,2-3 518.52 0 5.19 4.6 415 0 1.80 70 288 62.8
71 57-4, 84-85 520.84 0.07 0.79 0.8 398 0.08
72 58-2, 106-108 527.56 0.50 s 14.9 398 0.01 8.20 61 99 26.8
73 58-4, 4-6 529.54 0.04 1.00 1.0 395 0.04
743 58-4, 11-13 529.61 3.06 18.6 18.9 420 0.14 3.0 83 600 3l.8
75 59-2, B7-88 536.37 0.05 7.91 4.8 411 0.01
76 60-3, 67-68 546.67 0.04 5.88 4.4 401 0.01
T 61-1, 49-50 552.49 0 46.8 20.0 398 0 10.1 44 463 232
T8 61-5, 66-67 558.66 0.04 4.51 36 420 0.01
79 62-1, 106-107 562.06 0.04 0.89 1.3 415 0.04
80 62-2, 66-67 563.16 1] 8.19 6.3 406 0
81 62-5, 133-134 568.33 [i] 1.7 7.7 410 0
82 63-4, 103-104 575.53 0 21.2 10.8 395 o 5.00 4 424 394
83 64-4, 56-57 584.06 0.66 63.3 19.3 400 0.01 13.20 44 480 24.8
84 64-5, 12-13 585.12 0.37 2.84 il 399 0.11
85 65-2, 38-40 589.88 0.06 0.33 0.4 419 0.16 0.20 91 164 >100.0
86 65-2, 120-122 590.70 0.06 1.38 2.1 414 0.04 0.50 88 276 >100.0
87 65-2, 132-134° 590.82 0.08 5.9 5.6 395 0.02 1.10 82 481 86.0
88 65-2, 145-146 590,95 0.07 9.83 7.9 414 0.01 2.20 63 447 56.8
89 65-4, 20-21 592.70 0.03 0.13 0.4 410 0.17 0.12 94 109 >100.0
90 66-2, 35-36 598.85 0.16 17.2 16.9 398 0.01 .12 61 551 2.7
91 66-4, 15-16 601.65 0.08 4.81 7.1 415 0.02
92 66-5, 5-7 603.05 0.04 0.22 0.5 415 0.16
93 67-2, 134-135 608.84 0.09 9.99 13.6 408 0.01 29 58 344 252
94 67-3, 75-77 609.75 0.14 5.89 B.7 422 0.02
95 67-4, 75-77 611.25 0.06 0.77 1.8 414 0.07
96 68-5, 113 617.63 0.12 7.70 7.3 405 0.02
97 69-1, 63-64 620.63 0.06 1.28 4.7 415 0.04




Table 7. (Continued).
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H;\fdrngen Oxygen

Sub-bot S1 _ Sz : Organi co index index
Sample  Core-Sample "depu:m ﬂ) ('“8 HC) o & O (E'.‘;ﬂ:) (MEZ)
no.  (interval in cm) (m) g rock grock | Sp/83  (°C) Sy + S (wu%h) (wt.%) \ gOC g0C
Units I11-V (Cont.)
98 69-6, 87-89 627.87 0.14 10.3 9.8 401 0.01 34 H 303 30.9
99 70-3, 141-142 632.91 0.08 6.82 6.4 416 0.01
100 70-5, 58-59 635.08 0.06 1.55 1.4 417 0.03
101 T1-1, 109-110 638.59 0.04 1.96 24 396 0.02
102 71-3, 97-98 641.97 0.29 20.1 14.5 410 0.01 6.6 45 305 21.1
103 71-4, 33-35 642.33 0.04 0.05 0.1 0.48
104 72-4, B4-85 651.84 0.36 20.8 13.1 399 0.02 55 58 378 28.9
105 73-1, 92-93 656.42 0.15 5.47 4.3 402 0.03
106 73-3, 43-44 658.93 0.09 5.7 5.1 413 0.02
107 74-2, 117-121 667.17 0.14 5.65 4.3 417 0.02
108 75-3, 116-117 677.66 0.15 7.65 5.8 415 0.02 3 43 254 4.7
109 76-2, 97-100 684.97 0.19 4.34 4.5 409 0.04
110 T7-1, 20-21 691.70 0.14 4.00 4.3 424 0.03
111 78-1, 36-37 696.36 0.07 1.63 24 421 0.04
112 79-1, 55-56 705.55 0.18 133 10.8 401 0.01 4 k) 333 30.8
 Oil-stained sample.
more accurate approach short of the elemental analysis tial as a hydrocarbon source. Except for two ri_ch (17.8
that includes oxygen is to determine the hydrogen and and 20.4 mg HC/g rock) dark gray limestone 1nter\_ials
oxygen indexes from the S, and S; Rock-Eval data and (535-35-5, 15-18 cm; 535-41-5, 121-123 cm, respective-
the organic carbon data from the CHN analyses. The ly), this unit is a thinly laminated limestone that varies
indexes for Unit I are too oxygen rich to be plotted on from light gray to gray. Several intervals of shallow-wa-
Figure 17. On this basis, the organic material in Unit I is ter skeletal limestone are included in the generally deep-
predominantly terrestrial debris. water limestone. Bioturbation of the thinly laminated
The top of Unit II was penetrated at 154.3 m (535- limestone is common, and pyrite is observed throughout
17,CC) and the bottom at 387.5 m (535-42-4, 47 cm) for this section. A fetid odor was noted when many of these
a total thickness of 233.2 m. This unit has poor poten- cores were cut.
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Figure 17. Modified van Krevelen diagram for Hole 535. The large open circle in the right-hand column represents the average for 9 of
11 samples from Unit II; the large triangle represents the average for 6 samples from Unit I. See Introduction and Explanatory
Notes (this volume) for description, use, and interpretation of this diagram.
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Twenty-nine limestone samples from Unit II were an-
alyzed on the Rock-Eval for richness, type, and thermal
maturity of organic matter. The hydrocarbon source po-
tential is poor (0.58 mg HC/g rock) except for the two
samples mentioned above, which demonstrate good hy-
drocarbon source potential. One of these samples im-
mediately overlies the composite group (Units IT1I-V),
an organic matter-rich interval; so this sample is proba-
bly related to the depositional environment of this lower
unit, not Unit II. From the S,/8S; ratio (0.60), one would
expect gas to be generated from Unit II if it were ma-
ture; however, the S, peak temperature (417°C) is below
the required 435°C temperature. A gas sample recovered
from this unit (Section 535-20-6) and analyzed on the
Carle gas chromatograph was found to be only carbon
dioxide (CO,). Figure 16 and Tables 6 and 7 show the
data for Unit II.

Eleven samples were selected from Unit 11 for organic
carbon and carbonate carbon analyses; two of the rich
samples mentioned above are included. The nine lean
samples have average values for organic carbon of 0.6
wt.% and for carbonate carbon of 77%, and hydrogen
and oxygen indexes of 152 and more than 100, respec-
tively. Except for the two rich intervals, all nine samples
contain type III kerogen. Based on organic carbon con-
tent, Unit II is a fair, immature limestone source rock
(more than 0.3 wt.% organic carbon).

The third geochemical group (Lithologic Units ITI-
V), extending from 387.5 m (535-42-4, 47 cm) to 714 m
(535-79-2, 110 cm; terminal depth), is 326.5 m thick and
contains numerous intervals of potential oil source-rocks.
Lithologically, the unit is predominantly a thinly lami-
nated limestone that grades over short intervals from a
very light gray limestone to very dark gray marl. In the
limestone intervals, bioturbation is common, and high
concentrations of pyrite are ubiquitous. A fetid odor
was noted when most of these cores were cut.

Sixty-three rock samples were analyzed on the Rock-
Eval for richness, type, and thermal maturity of the or-
ganic matter (Figs. 16-18; Tables 6, 7). Twenty-five rock
samples show a poor (0.0-2.5 mg HC/g rock) to fair
(2.5-5.0 mg HC/g rock) hydrocarbon source potential;
the remainder are rich enough to be considered poten-
tially good source rocks (i.e., they contain more than
5 mg HC/g rock). Carbonate rocks of all shades of gray
were selected for analyses, which averaged 10.2 mg HC/
g rock. The richness values are very high in comparison
to Units I and II.

The richness (S;) of the rock samples can be com-
pared to their color (Fig. 19). Black and white photo-
graphs used in conjunction with a gray scale give a good
estimate of color. The terminology used for these obser-
vations are as follows: (1) very light gray; (2) light gray;
(3) gray; (4) dark gray; and (5) very dark gray. Light
gray through very dark gray rocks are not bioturbated
but are very thinly laminated. Very light gray to light
gray limestones are frequently bioturbated. Where the
core is not broken (i.e., section missing), the variations
in color can occur over a thickness of 1 cm to 2 m. The
frequency and intensity of the changes in color are dra-
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Figure 18. Histogram of hydrocarbon source potential as measured by
the Rock-Eval S, peak, Units III-IV, Hole 535. Number of analy-
ses = 63; average mg HC/g rock = 10.2; mean mg HC/g rock =
6.4.

matic and cyclic, probably the result of continual shift
from an oxic to an anoxic depositional environment.

In general, light gray limestones are poor source-
rocks, and very dark gray (“dark”) marl and limestone
are good source-rocks (Fig. 19). The gray to dark gray
rocks range from poor to good source-rocks (S;). In
Units ITI-V, light gray limestones are poor candidates as
source-rocks, but it is not necessarily true from Rock-
Eval data that the darker the limestone the richer the
rock.
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Figure 19. Hydrocarbon source potential versus color of sediments,
Units I1I-V, Hole 535. See text for discussion.

The type of organic material can be approximated if
no organic carbon values are available to <calculate the
hydrogen and oxygen indexes using the S, to S; ratio
(Fig. 16; Clementz et al., 1979). To distinguish rich gas-
prone source-rock (kerogen type III) from rich oil-prone
source-rock (kerogen types 1I and I1/1II), the S, values
can be compared to the S,/S; ratio (Fig. 20). Four rock
samples have values greater than 5 mg HC/g rock and
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Figure 20. Source potential and expected hydrocarbon types as ex-
pressed in a plot of S, versus S,/S; for Units IT and IT1I-V, Hole
533,

are gas prone. Three of the four samples are from Cores
50 and 51 and the fourth from Core 55; all are dark to
very dark gray rocks. In contrast, one sample is a poor
source-rock but very oil prone. The remainder of the
samples except for the very rich ones, fall roughly on a
45° line that passes through the origin, suggesting that
when the rock becomes richer (higher S, value), it also
becomes more oil prone.

Thirty-two samples were selected for organic carbon
and carbonate carbon analyses; four lean samples were
included. The 28 rich samples have an average organic
carbon content of 4.5 wt.% and an average carbonate
carbon content of 55% (marly limestone), whereas, the
lean samples (4) contain only 0.3 wt.% organic carbon
and 92% carbonate carbon (limestone). The hydrogen
and oxygen indexes for the rich rocks are 422 and 41, re-
spectively, and for the lean rocks are 193 and more than
100, respectively. The rich rocks tend toward type II, but
should still be considered type 11/111, whereas the lean
rocks are type III.

Carbonate and organic carbon data for both Unit II
and Units III-V are plotted on Figure 21; the data are
from Table 7. Except for the two very rich samples, or-
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Figure 21. Carbonate versus organic carbon content of selected sam-
ples from Units [ and I11-V, Hole 535.

ganic carbon data for Unit II are below 1%, and also,
all (except one) are limestones. The organic carbon data
also fall on a fairly straight line, in contrast to the data
for Units I11-V, which do not fall on a line but are scat-
tered in the marly limestone and limestone fields. Be-
cause these rocks, where they are rich in organic matter,
are various shades of dark gray and are all carbonates,
we propose that they be designated “dark carbonates”
in contrast to “black shales,” which are predominantly
the mid-Cretaceous mudstone but do include some Neo-
comian marly limestone and limestones of the North At-
lantic (Arthur and Natland, 1979).

Asphalt and oil stains were encountered from a depth
of 530 to 538 m (Cores 58 and 59) and at 585 m (Core
64). The upper interval is fractured or brecciated, and in
some the calcite-lined fractures are filled with breccia
and asphalt (Fig. 22A). In addition, oil (darker areas) is
most commonly present in the limestone associated with
the asphalt-filled fractures (Fig. 22B). At least one lime-
stone-asphalt contact appears to be a solution contact
suggesting the fracture system has been flushed by water
(Fig. 22C). The asphalt does not fluoresce under a fluo-
roscope as does the oil stain. Both the asphalt and the
oil stain show fluorescence when cut with 1,1,2,2-tetra-

chloroethane. A fetid smell was noted when the core
was cut.

The asphalt may have originated by fractionation of
oil and subsequently migrated into the calcite-lined frac-
tures or may be an example of a very asphaltic (imma-
ture) oil. It is difficult to believe that biodegradation
could have played any part in its formation. The oil stains
have barely penetrated the rock, implying that a more
liquid precursor was never there. Additional shore-based
studies in this volume address the origin of the asphalt
and the oil stain.

A gas sample was recovered from Section 535-68-1
(610.5-612 m), analyzed on the Carle gas chromato-
graph, and found to contain only carbon dioxide.

Carbonate Bomb

Analyses for CaCO; content were run on 135 samples
to determine chemical composition of the limestones and
marly limestone and to evaluate the type of organic ma-
terial. The carbonate bomb results are tabulated in Ta-
bles 8 and 9. The data show that most of the samples
are high in CaCO, and can be classified as limestones or
marly limestones. Even the dark sediments that are very
rich in organic matter contain considerable CaCO;.

CHN Analyzer

Organic carbon determinations were carried out on
41 acidified and dried samples. The results of these an-
alyses were used with the carbonate bomb data to calcu-
late the organic carbon content of the original sediment
sample. The percent organic carbon of the sediment was
then used with the Rock-Eval data to calculate the hy-
drogen and oxygen indexes. The results of the CHN
analyzer and the percent organic carbon are shown on
Table 9.

Interstitial Water

Interstitial water samples were taken every fifth or
sixth core down through Core 28, and one additional
water sample was taken from Core 50. Cores 2, 7, 12,
and 17 were taken in soft Quaternary muds, and ample
water for analysis was obtained. Cores 22 and 28 were
taken in limestones and very little water was obtained. It
was decided at this point to stop sampling because of
the poor recovery of water in the limestones. One addi-
tional sample (Core 50) was attempted from a thick, rel-
atively soft, dark marly limestone layer. Very little water
was squeezed from this sample and only partial results
were obtained. The results of the chemical analyses of
these samples are tabulated in Table 10 and plotted
graphically on Figure 23.

Site 540

Organic Geochemistry

Fifty-eight rock samples were taken at Site 540 span-
ning the interval from Cores 10 (85.62 m) through 79
(736.76 m) for Rock-Eval analysis. The Rock-Eval data
were used to select 20 samples for CHN and carbonate
bomb analyses. These data were used to determine the
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Figure 22. Occurrence of asphalt and oil stains in Core 535-58. Note that cm scales differ slightly in A, B, and C. A. Brecciated limestone with black
asphalt in fractures. B. Oil-stained (darker areas) limestone associated with asphalt-filled fractures. C. Oil-stained limestone with corroded as-
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alt/limestone contacts suggesting water flushing prior to asphalt emplacement.
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Table 8, Carbonate contents of sediments recovered at Hole
535 (carbonate bomb method).

Core-Section ~ CaCO3
(interval in cm) (%)

Core-Section ~ CaCOj
(interval in cm) (%)

10-1, 106-107 7 47-1, 85-86 94
10-2, 106-107 8 48-5, 66-67 31
11-7, 63-64 34 50-2, 12-13 91
12-4, 75-76 59 50-4, 30-31 48
13-3, 48-49 10 51-1, 37-40 90
13-6, 145-146 36 51-3, 24-26 85
17,CC (21-22) 92 52-4, 6-7 68
19-1, 33-34 92 53-1, 18-19 70
20-3, 124-126 94 53-6, 54-55 82
20-4, 142-144 89 54-1, 23-25 7
21-1, 118-121 89 54-3, 43-44 85
21-5, 44-46 99+ 55-5, 84-85 68
22-1, 36-39 93 55-5, 111-112 74
22-4, 71-73 99 55-5, 120-121 86
22-7, 79-80 99 55-5, 140-141 90
23-1, 86-87 98 55-6, 30-31 90
23-4, 122-123 91 56-1, 25-26 73
25-2, 80-81 89 56-1, 78-79 86
26-1, 23-24 86 57-3, 0-2 79
26-4, 5-6 83 57-3, 58-60 85
27-1, 115-116 85 59-4, 57-58 70
28-1, 45-46 82 60-2, 10-12 65
28-5, 28-29 90 61-1, 39-40 62
30-1, 90-92 80 61-2, 12-13 88
30-4, 62-63 58 61-2, 64-65 80
30-4, 77-78 92 62-4, 0-1 55
31-1, 83-84 89 62-4, 51-53 85
31-5, 62-63 86 62-5, 42-43 91
31-5, 82-83 92 63-1, 65-66 92
31-5, 90-91 98 63-4, 112-114 57
31-6, 140-141 66 64-6, 49-50 33
31-6, 22-24 96 65-3, 4-6 61
32-1, 67-68 86 66-4, 81-82 60
32-3, 87-88 99+ 66-4, 107-108 90
33-3, 1-2 99+ 67-4, 83-84 64
33-5, 48-49 78 67-4, 88-89 89
33,CC 89 68-2, 117-118 22
34-2, 63-65 90 68-4, 37-38 83
35-1, 41 80 68-5, 72-74 15
35-5, 105 49 69-3, 44-46 49
36-2, 63-65 77 71-2, 56-57 55
36-5, 125-127 96 71-4, 84-85 66
37-3, 61-62 90 72-4, 51-52 74
37-5, 97-98 97 73-1, 93-94 4
38-4, 66-67 92 73-3, 23-24 64
40-1, 48-49 92 74-1, 112-113 57
41-5, 141-142 65 74-4, 10-11 65
42-4, 63-64 96 76-2, 142-143 44
42-4, 149-150 98 78-1, 35-36 70
43-3, 20-21 74

43-5, 107-108 62

46-2, 78-80 54

Note: For additional carbonate bomb results from Hole 535,
see Table 9.

hydrogen and oxygen indexes and lithology (limestone
versus marly limestone versus shale).

On the basis of lithology, the rocks penetrated in Hole
540 are separated into six units. The first unit (Core 1)
was not sampled for organic geochemistry. Results from
the Rock-Eval analyses of Units II and III contain no
detectable organic material, which is not surprising be-
cause these rocks are bioturbated and very light gray or
are gravity-flow deposits. These units will not be dis-
cussed further, but the results of the analyses are shown
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Table 9. Total organic carbon contents of acidi-
fied samples from Hole 535.

Acidified Organic
Core-Section sample = CaCO3 carbon
(interval in cm) (%C) (%) (%)

12-2, 100-102 1.35 1.35
13-2, 140-142 1.28 1.28
14-3, 50-52 1.06 1.06
15-3, 100-102 1.07 1.07
16-1, 78-80 1.18 1.17
17-2, 43-46 1.10 1.10
19-4, 136-138 2.65 85 0.40
22-4, 100-101 5.07 91 0.46
23-5, 0-2 3.52 85 0.53
24-4, 88-90 2.71 — p—
26-1, 22-24 2 85 0.3
28-1, 34-39 2 77 0.46
31-7, 10-12 1.86 52 0.89
32-3, 8-10 2.18 68 0.70
35-5, 15-18 12.5 57 5.38
36-1, 52-54 2 61 0.78
38-1, 61-62 B 85 0.60
41-5, 118-120 16 75 4.0
42-5, 21-22 21 65 7.35
43-3, 17-19 29 82 5.22
44-1, 81-82 8 80 1.6
46-2, 41-42 4 93 0.28
47-1, 96-97 6 40 3.6
49-3, 91-92 5 50 2.50
52-1, 63-65 3 56 1.32
53-3, 19-21 5 56 2.2
54-6, 51-52 7 62 2.7
55-4, 61-62 11 58 4.6
56-5, 78-80 8 33 5.36
57-3,2-3 6 70 1.8
58-2, 106-108 21 61 8.2
58-4, 11-13 18 83 3.1
61-1, 49-50 18 44 10.1
63-4, 103-104 9 e 5.6
64-4, 56-57 23.5 44 13.2
65-2, 38-40 2 91 0.2
65-2, 120-122 B 88 0.5
65-2, 132-134 6 82 1.1
65-2, 145-146 6 63 2.2
65-4, 20-21 2 94 0.12
66-2, 35-36 8 61 3.12

Note: Carbonate bomb data and organic carbon
contents of original material are given for ref-
erence. Final organic carbon contents deter-
mined with CHN analyzer.

in Table 11-12 and Figure 24. In contrast, Unit IV in-
cludes most of the limestones that are rich in organic
matter at this site. Unit V contains one rich sample, but
Unit VI contains no limestone rich in organic matter.
The results of analyses of these units are also shown in
Tables 11-12 and are discussed below.

Unit IV, extending from 328.15 m (540-36-1, 65 cm)
to 498.5 m (through Core 53), is 170.35 m thick and
contains numerous intervals of potential oil source-rocks.
Lithologically, the unit is a thinly laminated limestone
with thin beds or nodules of black chert. The limestone
grades from a light gray to a very dark olive gray and
contains very little pyrite. Towards the bottom of the
unit (from Sections 540-48-2 to 540-53-1) the laminated
bedding is mildly to severely bioturbated. The age of
this unit is early Cenomanian to late Albian.
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Table 10. Summary of shipboard interstitial water chemistry, Hole 535.

Sub-bottom
Core-Section depth Alkalinity  Salinity Calcium Magnesium  Chlorinity
(interval in cm) (m) pH (meq/1) (%0) (mmol/liter) (mmol/liter) (%0)
Surface seawater 8.20 2.506 6.4 10.57 54,93 19.79
22, 144-150 0 12.022 7.5 18.59 62.41 19.96
7-6, 140-150 50 6.94 7.215 36.7 18.53 57.25 19.52
12-3, 140-150 100 7.06 11.376 37.3 19.04 56.56 19.76
17-2, 140-150 150 7.0 5.633 36.4 14.61 53.50 19.55
22-6, 140-150 200 37.3 18.14 46.31 20.58
28-6, 0-5 250 44.3 22.98 24.31
50-3, 27-34 450 49.4 29.37 51.20 21.39
Core-Section H Alkalinity Salinity Calcium Magnesium Chlorinity
(interval in cm) P (meg/l) (%o) (mmol/liter) (mmol/liter) (%o )
7 8 2 B 8 37 39 41 43 45 a7 10 15 20 25 45 50 55 60 20 22 24 26
Surface T=F T | 8k e o A= ek T X Lo T T T L E— D | e LI S B e e R A B
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Figure 23. Interstitial water chemistry profiles, Hole 535.
Table 11. Organic geochemical summary for Units [-VI, Site 540.
Number Max.
Core  Sedimentation  Rock- SE_! 5%; e sé s, Sapeak i Number Carban Average  Average
, Thickness  recovery rate Eval (&C) m.__) mg CO2\ Sz temp 1 carbon  Organic Carbonate hydrogen  oxgyen
Unit Age (m}) (%) (m/Ma) samples  \ g rock g rock 2 rock S3 (*C) Sp + Sz samples  (wi.%) (wt.%o) index index
1 Holocene to late 4.5 100 o
Pleistocene
I late Miocene to 275.5 63 55-8 10 0 0 0 ] [ 0
middle Paleocene
I Cenomanian 49.6 20 3 [] 0 1] 0 0 0
IV early Cenomanian to 161.6 21 119-24 17 0.07 15.4 1.7 8.9 421 0.02 9 4.0 B0 459 35
late Albian 13 213 1.8 12,0 7 5.0 82 489 42
ab 1.6 0.8 19 2 0.5 73 154 >100
v Albian 2258 4] 119-39 25 0.6 1.6 0.7 22 421 0.04 9 0.9 B4 194¢ 65
1t 7.7 0.8 0.2 1 1.8 3] 428 42
) 24b 1.3 07 1.9 8 0.8 84 161 68
VI Albian 28.5 72 3 0.04 0.6 0.9 0.7 411 0.08 2 0.4 75 149 > 100

2 55 mg HC/g rock.
b <5 mg HC/g rock.
€ Data for Sample 540-73-1, 105-106 cm were deleted because there were no Sy _3 values.

Seventeen samples were analyzed on the Rock-Eval
for richness, type, and thermal maturity of the organic
matter (Fig. 24). Four rock samples show a poor (0-
2.5 mg HC/g rock) hydrogen source potential; three of
these samples are at the bottom of the unit and are bio-
turbated. The remainder of the samples (13) are rich
enough to be considered potentially good (i.e., more than
5 mg HC/g rock) source-rocks; they average 21.3 mg
HC/g rock. The data for this unit are shown in Tables
11 and 12 and on Figure 24,

The type of organic material, if no organic carbon
values are available to calculate the hydrogen and oxy-
gen indexes, can be determined using the S,/S; ratio
(Fig. 24), and also by plotting the hydrogen source po-
tential (S,) versus the S,/S; ratio (Fig. 25). As shown on
Figure 25, the richer the sample, the more oil “prone”
the organic matter.

Nine samples were run for organic carbon content;
seven rich samples and two lean samples were analyzed
to determine the hydrogen and oxygen indexes. Three
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Table 12. Organic geochemistry data for Units [I-VI, Hole 540.

Hydrogen Oxygen
s S2 + index index
Sub-bottom ! S pk. Organic  CO3
Sample  Core-Section depth mg HC\ /mg HC\ Sy temp. Sl carbon carbon mg HC m,g_COz)
no. (interval in cm) (m) g rock g rock S3 (*C) 51 + S (wt.%) (wi.%) g OC g OC |
Unit 11
125 10-4, 62 85.62 o 0 0 0
126 11-5, 13-14 96.13 0 0 0 0
127 12-5, 17-19 105.17 0 0 0 0
128 14-5, 148-150 125.48 0 (1] 0 0
129 16-6, 70-72 145.70 0 0 0 0
130 17-3, 148-150 151.48 0 0 0 0
131 20-1, 103-105 176.53 0 0 0 0
132 24-2, 45-47 215.45 0 0 0 0
133 29-1, 56-57 261.56 0 0 0 0
134 30-1, 80-81 271.30 0 0 0 0
Unit 111
135 i1-2, 27-29 281.77 0 0 0 1]
136 32-2, 34-35 291.34 0 0 0 0
137 33-1, 119-121 300.19 0 0 (4] 0
Unit 1V
138 i6-1, 71-72 328.21 0.06 12.6 10.1 405 0 1.7 93 741 74
139 37-1, 12-73 i 0.09 13.7 6.7 400 0.01 1.9 75 176 26
140 37-2, 57-58 339.07 0.06 19.4 12.3 400 0 4.6 87 422 34
141 41-1, 120-121 176.20 0.13 1.5 1.9 412 0.08
142 42-1, 60-61 i8s5.10 0.09 14.6 9.5 395 0.01
143 42-2, 33-34 386.33 0.05 21.8 10.8 390 0
144 43-1, 57-61 394.67 0 20.8 15.9 395 0 5.6 B4 n 23
145 44-2, 44-48 405.44 0 19.5 10.1 395 0 31 87 629 62
146 45-1, 18-19 413.19 0.21 14.4 7.9 395 0.01
147 46-2, 10-12 424.10 0 24.2 11.4 kL] 0 6.5 83 mn 33
148 47-1, 77-78 432.77 0 13.0 9.8 411 0
149 47-2, 53-54 434.03 0 41.3 17.6 407 0 4.8 68 712 41
150 48-1, 144-146 442,94 0 34.1 16.6 407 0
1351 50-2, 60-61 462.60 0.30 59 52 421 0.05
152 51-1, 5-7 470.05 0.11 2.3 a0 418 0.05 0.5 65 460 =100
153 52-2, 37-38 481.37 0.05 0.6 0.5 400 0.07
154 53-1, 38-39 489.38 0.07 2.0 2.0 400 0.03 0.8 82 250 > 100
Unit V
155 54-2, 74-75 500.74 0.05 0.8 1.2 413 0.06
156 55-2, 144-145 510.44 0.04 1.2 1.3 408 0.03
157 56-1, 130-131 518.80 0.08 1.1 1.8 411 0.07
158 57-2, 104-108 529.54 0.07 1.2 1.8 412 0.06 1.0 B3 120 68
159 58-2, 84-87 538.84 0.05 2.0 34 417 0.02 1.3 95 154 45
160 59-1, 32-33 546.32 0.08 2.3 2.5 421 0.03
161 60-2, 111-112 558.11 0.11 1.8 3.0 406 0.05
162 61-1, 36-37 565.36 0.07 0.8 1.2 408 0.08 0.6 90 133 >100
163 62-2, 41-42 576.41 0.07 0.7 1.1 405 0.09
164 63-1, 86-88 584.86 0.11 1.7 10.2 415 0.01 1.8 85 428 42
165 64-1, 77-78 594,77 0.13 4.5 4.4 410 0.13
166 65-1, 147-148 604.47 0.06 0.9 2.2 405 0.06 0.7 94 129 60
167 66-3, 47-48 615.97 0.07 1.9 2.7 410 0.04
168 67-3, 69-70 625.69 0.06 2.0 39 405 0.03 0.9 80 22 58
169 68-3, 0-2 634.50 0.05 0.8 0.7 405 0.06
170 69-1, 23-24 641,23 0.11 4.5 7.6 412 0.02 1.7 86 265 35
171 70-4, 62-66 655.62 0.02 0.2 0.2 2 51 100 > 100
172 70-6, 88-91 658.88 0.01 0.2 0.2
173 71-1, 99-100 660.99 0.01 0.2 0.2
174 72-2, 105-106 672.05 0.02 0.3 0.6 410 0.06
175 73-1, 105-106 680.05 0 0 0 0 0.2 80 ] ]
176 73-4, 103-104 684,53 0.07 0.7 0.9 408 0.09
177 74-2, 87-88 690.87 0.06 1.2 2.0 403 0.05
178 75-1, 96-97 698.96 0.07 1.1 1.5 405 0.06
179 76-2, 70-72 709.70 0.07 0.7 1.4 406 0.1
Unit VI
180 77-3, 131-132 721.31 0.05 0.32 0.4 400 0.14 0.3 | 107 > 100
181 78-3, 11-12 729.61 0.04 0.73 0.7 400 0.05
182 79-1, 76-77 736.76 0.03 0.76 0.9 411 0.04 0.4 79 190 =100

samples are type II kerogen and six samples are type I1/
III kerogen (Fig. 26). There appears to be good correla-
tion between the two methods of determining kerogen
type. All samples are thermally immature; the highest
temperature at maximum pyrolysis yield of S, peak is
421°C, well below the 435°C needed for maturity. With
the exception of one sample, all samples lie to the right
of the 0.5% R, (vitrinite reflectance) line on the van
Krevelen diagram (Fig. 26).

Carbonate and organic carbon data (9 samples) are
plotted on Figure 27 to determine the lithology of the
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rocks rich in organic matter. All samples in Unit IV with
more than 1 wt.% organic carbon content are limestones
and are classified as bituminous limestones.

The top of Unit V was penetrated at 498.5 m (top of
Core 54) and the bottom at 717 m (through Core 76) for
a total thickness of 218.5 m; the unit has poor potential
as a hydrocarbon source. This unit is a bioturbated lime-
stone (Chondrites, mottled, and wavy diffuse laminae)
that is light gray to light olive gray. Very little to no py-
rite was observed in this unit. The age of this unit is late
to middle Albian.
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Figure 24. Summary of Rock-Eval data, Hole 540. T.D. = terminal depth. For correlation of sample numbers with DSDP designations,

see Table 12. (After Clementz et al., 1979.)

Twenty-five rock samples were analyzed on the Rock-
Eval for richness, type, and thermal maturity of the or-
ganic matter. Only one rock sample showed good (7.7 mg
HC/g rock) hydrocarbon source potential; the remain-
der (24 samples) showed poor potential as hydrocarbon
source rocks with an average S, value of 1.3 mg HC/g
rock. The data for this unit are shown in Tables 11-12,
and on Figure 24.

The type of kerogen using the Rock-Eval data is shown
on Figure 25. The one rich sample is a potentially good
oil source-rock. Two samples are potentially fair source-
rocks for oil, a mixture of gas and oil, or condensate.
The remainder of the samples are potentially poor source-
rocks for a mixture of hydrocarbons or gas.

Nine samples were analyzed for organic carbon con-
tent to determine the hydrogen and oxygen indexes. One
sample could not be used because the Rock-Eval indi-

cated too little pyrolyzable HC to measure. Of the eight
remaining samples, two are type II/III kerogen and six
are type III kerogen (Fig. 26).

All samples are thermally immature; the highest tem-
perature at maximum pyrolysis yield of the S, peak is
421°C, well below the 435°C required for maturity. Based
on the hydrogen and oxygen indexes, these samples are
immature; they all plot to the right of the 0.5% R, value
on a van Krevelen diagram (Fig. 26).

Carbonate and organic carbon data for the nine sam-
ples are compared on Figure 27 to determine the litholo-
gy. Except for one lean sample, all are limestone, and
those that equal or exceed 0.3% are bituminous lime-
stone.

Unit VI, which extends from 717 m (Core 77) to
745.5 m (terminal depth, Core 79), is at least 28.5 m
thick and contains potentially poor source-rock. Litho-
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Figure 25. Hydrocarbon source potential and expected type plotted
as Rock-Eval parameters S, versus S,/S;, Hole 540. See text for
details.

logically, the unit is a bioturbated limestone with car-
bonate sand and coarse-grained skeletal limestone of
middle Albian age.

Three samples were analyzed on the Rock-Eval for
richness, type, and thermal maturity. The average S,
value is 0.6 mg HC/g rock, indicating potentially poor
source-rock. The type of organic matter as shown on
Figure 25 is a potentially poor gas source-rock and on a
van Krevelen diagram (Fig. 26) as type III kerogen with
very low hydrogen content and high oxygen content, a
gas source-rock. These rocks are thermally immature,
based on S, peak temperature and on the van Krevelen
diagram (Fig. 26).

Based on organic and carbonate carbon data, these
rocks are limestones with 0.3 or more wt.% organic car-
bon (Fig. 27), threshold values for carbonate source-
rocks.

Carbonate Bomb

One hundred fifty-three carbonate bomb samples were
analyzed for percent CaCOj to determine lithology. The
results are tabulated in Tables 13 and 14. These data
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show that most of the samples analyzed are limestones.
Most of the marly limestones occur in Unit II.

CHN Analyzer

Organic carbon determinations were carried out on 20
acidified and dried samples. The results of these analyses
were used with the carbonate bomb data to calculate the
organic carbon content of the original sediment sample.
The percent organic carbon of the sediment was then
used with the Rock-Eval data to calculate the hydrogen
and oxygen indexes. The results of the CHN analyzer
and the percent organic carbon are shown in Table 14,

Interstitial Water

Five interstitial water samples from Tertiary oozes
were taken and analyzed at Site 540. The results are tab-
ulated and shown graphically in Table 15 and Figure 28.
The data show a distinct increase in salinity, chlorinity,
and calcium content and a decrease in magnesium con-
tent with depth.

Summary and Significance of Organic Geochemistry
Results

Significant findings at Sites 535 and 540 that relate to
organic geochemistry of petroleum source rocks follow.

1. Except for Site 370 in the North Atlantic (Arthur
and Natland, 1979), Site 535 records the oldest (Berria-
sian) sedimentary rock showing indications of anoxic or
very low oxygen conditions.

2. In contrast to the organic matter-rich “black shale”
(interbedded dark and lighter-colored claystone, marl-
stone, and limestone) of the Hatteras Formation (Hau-
terivian-Cenomanian) in the North Atlantic (Arthur and
Natland, 1979), the rock record at Site 535 suggests
slightly older (Berriasian-early Albian) organic matter—
rich “dark carbonate” (gray to very dark gray marly
limestone and limestone).

3. In the eastern North Atlantic, two types of organ-
ic matter (II and II/III) are found (Tissot et al., 1979).
This contrasts with the type III kerogen that was found
at Sites 391 and 101 in the western North Atlantic (Tis-
sot et al., 1979). Types II and II/III are found at Sites
535 and 540.

4. Oil-stained limestones were found adjacent to as-
phalt-filled fractures in the immature source-rock unit
at Site 535 (lower Albian to Berriasian, Unit III-V). Oil-
stained carbonate was also encountered at DSDP, Site 2,
Leg 1 (Challenger Knoll; Davis and Bray, 1969). The
Challenger Knoll oil was extracted from the core and ex-
haustively analyzed. The oil-stained limestones and pos-
sibly the asphalt at Site 535 could be similarly treated to
provide additional geochemical data for oil from deep-
ocean basins. Site 535 oil should be compared with the
Site 2 oil as well as oil being produced in and around the
Gulf of Mexico in the U.S. and Mexico.

5. Unit IV, Hole 540, contains laminated limestone
with excellent oil source-rock potential and can rightly
be classified as bituminous limestone containing good
types II and II/11I kerogens. Units III to V, Hole 535,
contain both marly limestone with excellent rich imma-
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Figure 26. Modified van Krevelen diagram for Hole 540. See Introduction and Explanatory Notes (this volume) for description, use,
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ture oil source-rocks that were designated “dark car-
bonates” containing good type II/III kerogen.

6. The reef-debris reservoir facies of Late Jurassic
through mid-Cretaceous age contains much of the oil of
the Reforma-Campeche shelf and the Golden Lane of
Mexico (Meyerhoff, 1980). Offshore in the Gulf of Mex-
ico, a dark gray and black shale (carbonate?) inter-
fingers with this reservoir (Meyerhoff, 1980). The dark
carbonates penetrated at Sites 535 and 540 may be a car-
bonate facies of this shale, and, if the dark carbonate
has sufficient lateral continuity and is mature under the
proper geologic circumstances, it may be an important
source rock for these oil fields and other fields that bor-
der the Gulf of Mexico.

7. The source rocks penetrated in Holes 535 and 540
can be contrasted with the rocks of the same age pene-
trated in the North Atlantic. The Albian-Aptian section
in the western Straits of Florida is dominantly lime-
stone, whereas in the North Atlantic black shales were
penetrated. The Berriasian-Barremian section penetrated
in Hole 535 is organic matter-rich marly limestone and
limestone, but in the North Altantic this section is a very
lean marly limestone.

PALEOMAGNETISM

Paleomagnetic sampling was concentrated in the up-
per portion of the thick Lower Cretaceous sequence re-
covered at Site 535 (Cores 18 to 56, 154.5-515.5 m). On-
board paleontologists dated this section as ranging from
Albian to Hauterivian/Valanginian with a probable hia-
tus in the Barremian. It was, therefore, expected that

these deep-water limestones recorded the early part of
the long Cretaceous normal magnetic period and several
of the younger reversals in the underlying magnetic anom-
aly sequence (Fig. 29).

Four hundred nine oriented samples were minicored
at 0.5-0.8 m spacing in the interval 154.5-515.5 m, where
recovery averaged 69%. Very low intensities prevented
on-board measurements, so the samples were measured
after the cruise with a cryogenic magnetometer at the
University of Texas, Galveston Geophysics Laboratory.
As of September 1981, samples from Cores 39 through
56 (354.0-515.5 m) have been analyzed. NRM intensi-
ties range 4.4 X 10%to 2.9 x 10~7 emu/cc and aver-
age 6.1 x 10~ 8 emu/cc. All samples were demagnetized
in three to six steps between 25 and 300 Ce. Many sam-
ples displayed a soft component of magnetization, which
was usually erased by demagnetization to 25 Oe. Ortho-
gonal vector diagrams indicate that the remaining mag-
netization is a stable component (see Testarmata, this
volume). Only 9 of the 179 samples displayed unsatis-
factory vector diagrams, and these samples were exclud-
ed from further analysis.

The stable inclinations derived from the vector dia-
grams are plotted stratigraphically in Figure 30. The re-
sulting reversal stratigraphy is quite surprising: only one
reversely magnetized sample occurs among 169 normal-
ly magnetized samples. This pattern does not agree with
the reversal sequence derived from the marine magnetic
anomaly pattern and from other magnetostratigraphic
studies for correlative periods. Two possible explanations
for the discrepancy are (1) that the core was remagne-
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15 ' . % ; — % . i Table 13. Carbonate content of sediments from Hole 540
Marly . (carbonate bomb method.).
€ Shale ——— -t i —— Limestone —~{
B imestone 5
Core-Section ~ CaCOg3 Core-Section ~ CaCOj3
i (interval in cm) (%) (interval in cm) (%0)
) 1-1, 6-7 63 41-1, 117-118 88
| QUnitlV I 1-1, 116-117 51 421, 55-56 97
e Unity 33, 60-61 68 42-2, 93-94 89
& Unit VI 4-3, 50-51 69 44-2, 41-42 90
- . 5-1, 60-61 7 44-2, 85-86 99
5-2, 107-108 41 45-2, 35-36 95
ik 5-2, 120-121 29 45-2, 101-102 99 +
T 5-3, 20-21 42 45-2, 145-146 90
5-3, 51-52 37 46-1, 73-74 95
H 4 6-1, 73-74 69 46-2, 51-52 9
= 6-1, 105-106 7 47-1, 76-77 89
< 6-2, 8-9 62 47-2, 92-93 88
27 o & 6,CC (5-6) 78 48-1, 138-139 91
8 6,CC (9-10) 72 48-2, 17-18 87
g | 7-1, 4-5 61 49-1, 81-82 83
g i 8-3, 70-71 84 50-1, 42-43 98
S e 9.2, 82-83 65 50-2, 31-32 91
- = 1 9-4, 82-83 87 51-1, 14-15 95
o 10-2, 76-77 86 52-1, 29-30 94
sk i 11-1, 113-114 80 52-2, 37-38 68
5 11-4, 109-110 61 53-1, 31-32 88
12-3, 29 55 54-2, 75-76 96
3 - 12-4, 28-29 77 54-4, 74-175 99+
13-2, 38-39 71 55-2, 71-72 94
i 5 13-2, 83-84 84 55-2, 147-148 92
] 13-4, 103-104 59 56-2, 55-56 99 +
14-4, 44-45 87 58-1, 41-43 9
- ] 14-5, 21-22 86 58-2, 79-80 95
s o 15-2, 77-78 87 59-1, 16-17 97
o 15-3, 57-58 79 59-2, 50-51 93
B o 1 16-3, 83-84 85 60-1, 36-37 92
. 9 4 °® 16-6, 70-71 56 61-1, 23-24 94
L L L L 1 f . 3 ; 17-3, 148-149 65 61-1, 25-26 99
9 50 100 17-5, 110-111 87 62-2, 86-87 94
Carbonate (%) 18-1, 71-72 80 63-1, 142-144 97
Figure 27. Organic carbon versus carbonate content, Units IV-VI, :g? gg:ﬁ gﬁ gi-f' gg:g; g; +
Hole 540. 19-5, 78-79 61 64-1, 70-71 93
20-1, 103-104 56 65-1, 64-65 99+
20-2, 76-77 85 66-1, 97-99 99+
tized, or (2) that the entire sampled interval is within the %;: MM; g‘i‘ g‘;‘f :2‘5)::22 g;
long Cretaceous normal zone and that the shipboard pa- 23.1, 46-47 79 67-2, 18-20 97
leontologic dating is erroneous. Both of these alterna- 23-3, 26-27 63 67-3, 123-124 82
tives will be investigated. 24-3, 54-55 89 68-1, 70-71 96
" s - 24-3, 82-83 36 68-1, 86-87 75
Postdepositional remagnetization can not be discerned 282, 99101 s 69-1. 9-10 6
from measured inclinations (averaging 37.8°) because the 29-1, 123 41 69-5, 21-22 81
magnetic inclination of this site (41.3°) has changed by 292,23 45 ;0-; 46-48 38
only 0.2° since 120 Ma. The presence of one reversely ggé' ;g:;; gg ??:1' ;g:gg gi
magnetized sample is not conclusive evidence against re- 31-1, 33-34 41 71-3, 48-49 04
magnetization, because the possibility exists that the 31-1, 138-139 44 72-4, 48-49 89
sample was misoriented during the sampling procedure. ;i; gg:gg g‘; ;gg f}ﬁf . ﬁ
Adjacent pieces of core need to be sampled to test the 331, 50-51 82 74-1, 12-13 95
existence of the reversed zone. 33-1, 91-92 79 75-1, 58-60 9
35-1, 34-35 98 76-2, 83-84 99
37-1, 48-49 94 78-1, 77-78 83
PHYSICAL PROPERTIES 371, 65-66 56 281, 80-81 7
" 37-1, 100-101 97 78-5, 65-66 90
Site 535 38-1, 27-28 86 78-5, 71-72 85
Figure 31 summarizes the physical properties data at ;g::' ;?:;; :; ;g::‘ 32_“‘;; gg
Site 535. Considering general trends first, all parameters 39-1, 37-39 99 79-3, 73-74 93
change markedly at about 146 m, the unconformity be- 40-1, 55-57 99 79-6, 48-49 90
tween soft Quaternary mudstone and hard Cretaceous hiesl % o B
limestone. Below this level, density and thermal conduc- !
tivity increase slightly, and porosity decreases with only Note: For additional carbonate bomb results from Hole 540,
see Table 14.

minor perturbations in these smooth trends. Sonic ve-
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Table 14. Total organic carbon contents of acidi-
fied samples from Hole 540,

Acidified Organic
Core-Section sample  CaCO3 carbon
(interval in cm) (%C) (%) (%)
36-1, 71-72 24 93 1.7
37-1, 72-73 31 5 7.8
37-2, 57-58 35 87 4.6
43-1, 57-61 35 84 5.6
44-2, 44-48 24 87 3.1
46-2, 10-12 38 83 6.5
47-2, 53-54 18 68 5.8
52-2, 37-38 1.4 65 0.9
53-1, 38-39 4.18 82 0.75
57-2, 104-108 19 95 0.95
58-2, 84-87 25 95 1.25
61-1, 36-37 6 90 0.63
63-1, 86-88 12 85 1.8
65-1, 147-148 12 94 0.72
67-3, 69-70 4.3 80 0.86
69-1, 23-24 12 86 1.7
70-4, 62-66 0.4 51 0.20
73-1, 105-106 0.9 80 0.18
77-3, 131-132 1.03 71 0.30
79-1, 76-77 1.9 79 0.40

Note: Carbonate bomb data and organic carbon
contents of original material are given for ref-
erence. Final organic carbon contents deter-
mined with CHN analyzer.

locity on the other hand generally increases with depth
but shows considerable variation. Acoustic impedance,
which represents the product of the velocity and density,
reflects these velocity variations. Shear strength was mea-
sured for most of the unconsolidated sediment cores.

SITES 535, 539 AND 540

These cores were highly disturbed by drilling, and their
value was somewhat questionable.

We distinguished 10 groupings of physical properties
based principally on vertical sonic velocity (Fig. 32, Ta-
ble 16). These groupings generally correspond to zones
of variable velocity separated by intervals of more con-
stant velocity. Throughout the Cretaceous section, ve-
locity values are distinctly anisotropic, with horizontal
velocities usually 10% greater than vertical values. This
difference probably reflects the laminated nature of the
limestones.

Because temperature logging or heat flow probe were
done at this site, an attempt was made to measure the
thermal conductivity of sediment cores. More than about
40 measurements on soft sediments and consolidated
sediments were made. Conductivity of the soft sediments
with high porosity (i.e., high water content) is low (around
2-3 mcal deg~! s~! cm~!), whereas consolidated sedi-
ments show rather high conductivity values (around 4-
5 mcal deg~! s~! em~!). These values are quite reason-
able when a comparison is made with some official val-
ues of a dry limestone (with porosity 2%; Clark, 1964).
Some samples showed very low apparent conductivity
values, even below 2% . This may have been caused by a
poor contact between the flat probe and diamond-saw-
trimmed sample surface or it may quite reasonably be
explained by low conductivity of water (1.43 mcal deg !
s—!cm~! at 20°C), which was used to moisten the sam-
ple surface and probably occasionally formed a thin lay-
er between the thermal probe and the sample surface.
All of these values are in good agreement with the esti-
mate that the conductivity values fall between those of a
single crystal of CaCO; (~9-10 mcal deg~! s~! cm~1)

Table 15. Summary of shipboard interstitial water chemistry, Site 540.

Sub-bottom
Core-Section depth Alkalinity  Salinity Calcium Magnesium  Chlorinity
(interval in cm) (m) pH (meg/1) (%) (mmol/liter) (mmol/liter) (%o)
Surface seawater 8.30 2.48 1.3 10.99 56.26 19.91
1-2, 114-120 2.64 7.58 i 36.2 10.93 52.13 19.11
7-3, 144-150 56.44 7.19 4.99 36.8 14.66 50.41 19.78
12-4, 144-150 105.44 T7.16 4.22 7.4 15.08 50.77 20.11
19-3, 144-150 170.44 7.35 3.340 38.1 18.09 47.59 20,74
24-4, 140-150 219.40 7.47 3.340 9.7 20.95 46.73 21.04
Care-Section " Alkalinity Salinity Calcium Magnesium Chlorinity
{interval in cm) P {meq/1) (%) {mmol/liter) {mmol/liter) {%a)
7 8 246868 34 36 40 10 15 20 50 55 18 19 20 21
Surface L S I | LN [ . | ) [ et Pt o | T T T N T 1 1 1
G Seawater al o . ’ & -
'.r |l / i ,I' Jf
7 ] / I /
— 50112, 114-120
E
£ 100(-| 73, 144-150
-]
E 150~ | 12.4, 144150
£
% 2001
3 19-3, 144-150
2501
24-4, 140-150
3oo0L I | L | I S T | Il L L L L I T T |

Figure 28. Interstitial water profiles, Hole 540.
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Geomagnetic polarity

From From
magneto- oceanic
stratigraphic Stage magnetic
sections anomalies
- Danian
29 26
85 30
[ 31
Maestrichtian 27
- 32 28
B 29
70
B 30
N k|
. 33 Campanian
75 | 32
" 34
80 |- Santonian
B 33
Coniacian
2 34
— Turonian
90 |-
- il
3z |t
95 -
= Cenomanian
100 -
-
-
- Albian
105 -
[ Mo
110
B Aptian
M1
L M2
115 - e
i M3
il . M4
= M1 Barremian
— M2
120
| M3
~ M4 Hauterivian
5 e

Figure 29. Two versions of the Cretaceous magnetic time scale. Black
indicates normal polarity; white, reverse polarity. Modified from
Lowrie and others (1980).
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and the water (1.43 mcal deg—! s~ ! cm~—!). The thermal
resistivity (reciprocal of the conductivity; R = K1)
should also be a function of porosity (saturated with
water) as suggested by several authors (e.g., Bullard
and Day, 1961). Resistivity versus porosity plots for
Site 535 show no clear relationship because of the gap
in the data set as shown in Figure 33. Even so, these
data fall on or near an empirical curve for limestone
plus seawater.

Density variations in Lithologic Units II-V general-
ly correlate with lithologic variations. In particular, the
rhythms or cycles that characterize these units are mim-
icked by density cycles recorded by the GRAPE logs.
An example for Section 535-42-4, is given in Figure 34.
White, bioturbated limestones of the cycles are most
dense; dark marly limestones are least dense; and gray
laminated limestones fall between the extremes. These
density variations are most pronounced where the cycles
are best developed. GRAPE logging provides an initial,
continuous, qualitative density log of these rhythms that
are so characteristic of the lower 550 m of Site 535.

In addition to these trends, a number of interrela-
tionships are noteworthy. The sonic velocity, the differ-
ence between parallel and perpendicular components of
the sonic velocity (V) and the gravimetric density (p)
data are statistically correlated to the gravimetric porosi-
ty (¢) data (Fig. 35). The population of individual data
was divided into subpopulations for every 5% of the
porosity value. The average and the standard deviation
values were calculated for the subpopulations and plot-
ted in relation to the porosity values (Fig. 35). Perpen-
dicular and parallel components of the velocity data are
treated independently except for soft (unconsolidated)
sediments, which reflect the parallel component solely.
Tendency of the V versus ¢ is similar to the data given
by Anderson (1974) and Boyce (1976). The relation be-
tween p and ¢ may have important implications. The es-
timated best-fit line through the plots for p versus ¢ in
Figure 35 is numerically approximated as

pp = 2.75 — (1.725 X ¢) (observed),
whereas the formula normally used on shipboard is
pp = 2.70 — (1.675 X ¢) (Boyce, 1976),

where p, represent the wet-bulk density of a sample.
The density values from these two formulas differ only
by 2% from each other. This indicates that the p versus
¢ relation (Boyce, 1976) is a good approximation.

The second graph given in the middle part of Figure
35 shows a relation between the anisotropy of the sonic
velocities and the porosity. Anisotropy is tentatively de-
fined by

A, = 100 x (u) ().
W+ V

Soft (unconsolidated) sediments are not included in the
statistics. It is shown that the anisotropy factors show a
peak at around 20% porosity. It is, however, assumed
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Figure 30. Stable inclinations and natural remanent magnetization (NRM) intensities of Lower Cretaceous samples from
Hole 535. Note only one reverse sample is present in this portion of the core. X’s indicates samples for which no
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Figure 31. Summary of physical properties, Hole 535. See Appendix II at end of volume for raw data.
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Figure 32. Sonic velocity groupings, Hole 535.

a priori that the unconsolidated sediments are elastically
isotropic. The lowermost graph of Figure 35 shows a bi-
modal distribution of the frequency of porosity values.
Zero frequency around 30-45% porosity corresponds to
the lithologic boundary between Units I and II.
Another item of geophysical interest is suggested by
the thermal conductivity data. Although downhole tem-
perature measurements were not attempted, the vertical
profile of the underground temperature might be esti-

Table 16. Groupings of physical properties, Site 535.

mated based upon estimated average heat flow (HF) val-
ue of (or nearby) this area (Martin and Case, 1975).
Even though HF data for the location of Hole 535 is not
available, we may assume that HF of the area is close to
the average 0.825 HFU value for the area. The estimate
of the temperature is given by solving the heat conduc-
tion formula in a reverse sense:

HF
HF =K xgrad T—= T = S ? dx (x: depth, positive downward),

where K = thermal conductivity, assuming that heat is
carried upward only by conduction. Using the average
heat flow value and K varying as in Table 16, T, the
thermal gradient can be calculated. Figure 36 illustrates
the results of this calculation. The thermal conductivity
values of the lowermost part between 710 and 1000 m
are assumed to be an extrapolation of the upper part as
shown by dotted lines in the figure.

Finally, acoustic impedance values can be used to
compute reflectivity values or reflection coefficients for
a number of horizons. These data suggest that strong
seismic reflectors should occur at 0, 155, 380, and
700 m below the seafloor, and intermediate strength re-
flectors at 280 and 470 m.

Site 539

Only five measurements were made at Site 539. The
results are listed in Table 17. No discussion is given for
this site.

Site 540

Figure 37 summarizes the physical properties data and
trends at Site 540. In addition to these data, two subsur-
face sediment temperature measurements were made at
depths of 52 and 71 m using the DSDP heat flow probe.

All parameters show generally smooth trends to about
250 m. Velocity, density, and conductivity increase with
depth in this interval; porosity decreases. Between 250
and 480 m, all parameters show extreme variability. This
interval shows the greatest lithologic variation of the
section. Below 480 m, all physical properties parameters
are nearly constant, reflecting a fairly uniform litholog-
ic interval.

As at Site 535, sonic velocity results permit several
groupings or subdivisions of the section at Site 540 (Fig.

Acoustic
Sub-bottom Sonic velocity impedance Thermal
depth Densitsy Porosity  Vertical Horizontal (vertical) conductivity
Groupings (m) (g/emd) (%) (km/s) (105gem—2s—1) (10~ cal/em s deg)  Lithology

A 0-154 1.84 58 — 1.65 2.8 2.87 Soft sediment
B 155-204 2.9 25 2.84 2.88 6.5 4.19

C 205-279 2.33 23 2.80 .00 6.5 4.11

D 280-319 2.36 21 3.28 3.35 17 4.19

E 320-379 2.36 21 T 3.25 1.5 4.66

F 380-419 2.40 19 340 3.45 8.2 4.55 Limestone
G 420-469 2.38 20 336 152 8.0 4.73

H 470-609 2.36 20 3.20 1.50 7.6 4.80

I 610-710 2.43 17 341 3.69 8.3 491

il 710-7 2.57 5 4.70 4.72 12.1 .

Note: Values represent averages.
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Figure 33. Thermal resistivity versus porosity, Hole 535. See text for discussion.

38 and Table 18). Of these, Interval F is notable for its
apparent average high velocity. This interval corresponds
with Lithologic Unit IV with abundant slump features.

Figure 39 contains cross-plots of porosity versus ve-
locity, conductivity, density, and anisotropy, as well as a
porosity histogram. Velocity, conductivity, and density all
increase with decreasing porosity. Anisotropy appears to
be evenly distributed throughout the section.

Heat flow measurements were run twice at sub-bot-
tom depths 52 and 71 m. The probe was set at a 1-min-
ute sampling rate and then lowered by the sand line into
the hole. Lowering was stopped at 12 m above the bot-
tom of the hole about 10 minutes before stabbing into
the bottom sediment. The probe was kept there for about
25 minutes and then it was lifted off bottom. The mud-
line temperature was measured on each run by stopping
the probe at the mudline for about 10 minutes while on
the way out of the hole. The changes of the temperature
with time are shown in Figure 40. Three temperature
measurements, i.e., mudline (0 m) and 52 and 71 m sub-
bottom depths are plotted in Figure 41. The conductivi-
ty data for this depth range are also plotted in the fig-
ure. The heat flow probe operation for further depth
was not achieved, for after 70-80 m, the sediments were
too firm to allow us to send the probe down without
fear of its destruction. Results of the measurements are
as follows:

Mudline temperature: Ist run = 5.53°C
2nd run = 5.52°C
Bottom-hole temperature: 52m = 7.35°C
71 m = 8.09°C
Average of K (9-74 m depth) = 2.74 x 10~ cal/cm s deg
Temperature gradient (0-71 m depth) = 36.06°C/km
Calculated heat flow (Q) = ~0.99 HFU

The temperature gradient measured in this hole was prob-
ably lower than that before drilling. The magnitude of
decrease in the bottom-hole temperature caused by flush-
ing water circulation has not been estimated yet. The
heat flow value of this hole, however, compared very
closely to the local heat flow values (Martin and Case,
1975).

Summary

All the data for sonic velocity, density, thermal con-
ductivity, and anisotropy are summarized for Sites 535
and 540 and plotted against the porosity in Figure 42.
Also shown is the frequency distribution of porosity.
Comparison of the present data to those of an elaborate
study by Boyce (1976) reveals the remarkable features of
the sediment samples of this area. First, a tight cluster-
ing of the density versus porosity plots along a single es-
timated line indicates a considerable homogeneity of the
sediment. Secondly, the average anisotropy of the sonic
velocity values is low (2-3%) compared to that of the
sediments obtained in Leg 33 (2.5-7.5%) (Boyce, 1976).
Thirdly, the porosity of the specimens obtained at Sites
535 and 540 is distributed in a bimodal manner. This
distribution directly reflects the distinct unconformity
between Quaternary mudstone and Cretaceous limestone
at Site 535.

SEISMIC STRATIGRAPHY

Introduction

An extensive grid of multifold seismic data has been
collected in the deep southeastern Gulf of Mexico by the
University of Texas during the past few years (Fig. 43).
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Figure 34. Comparison of raw GRAPE density with lithology of Section 535-42-4. White limestones are
most dense; dark marly limestone, least dense; and gray, laminated limestones are intermediate in density.
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Figure 35. Porosity versus velocity and density (A), and velocity an-
isotropy (B) cross-plots for Hole 535. Porosity histogram (C) for
Hole 535. See text for discussion.

These data were used to develop a preliminary seismic
stratigraphic framework and to choose the drilling sites
for Leg 77 (Fig. 43). The lines designated GT-2 and GT-3
(Gulf Tectonics) were collected in 1977 and 1978 as part
of a regional study sponsored by industry. The lines des-
ignated SF (Straits of Florida) were collected late in 1980
as part of an IPOD site survey specifically for Leg 77.
The basin sites, Sites 535 and 540, were located along
the eastern flank of a broad north-south erosional chan-
nel, where a thick pre-middle Cretaceous Mesozoic sec-
tion either outcrops or subcrops beneath a thin Cenozo-
ic cover (Figs. 1, 2, 43). The general setting of the sites
and the background and objectives for drilling them were
discussed in the Background and Objectives section.

Table 17. Summary of physical properties for Site 539,

SITES 535, 539 AND 540
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Figure 36. Subsurface temperature values and geochemical gradient
calculated from thermal conductivity data and assumed heat flow,
Hole 535.

Regional Setting

The new seismic data revealed for the first time de-
tails of the deep crustal structure and stratigraphy of the
deep-water southeastern Gulf and allowed for the devel-
opment of a preliminary model for the early history of

2-minute
GRAPE Thermal
Gravimetrics conductivity
: . ‘Wet-bulk e,
Sonic velocity éens: Wet-bulk Water Torvane (%10 3
Core-Section {kni/3) i() @ densu; ¢  content  shear cal
(interval in cm)  Horizontal  Vertical (horlmnm!) (%) (g/em?) (%) (%) (kPa)  deg-cm-s) Lithology
Hole 539
2-2, 100-102 I 544 1.63 64 1.50 it 48 Mud and ooze
2-3, 145-147 1.556 1.70 60 1.62 64 40 2.18 Mud and ooze
Hole 539A
1-1, 100-102 1.524 1.50 72 1.42 T 54 4.79
1-3, 100-102 1.624 1.70 60 1.70 58 4 26.8 MNannofossil ocoze
1-5, 100-102 1.631 1.79 54 1.74 56 2 527 3.06

Note: ¢ = porosity.
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Figure 37. Physical properties plots, Hole 540. See text for discussion of trends and Appendix II at end of volume for raw data.
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Figure 38. Average interval velocities (vertical measurements) estimated
for core data, Hole 540.

the area. Of primary interest is the presence of a thick
section of pre-middle Cretaceous sedimentary rocks fill-
ing in and overlying an irregular block-faulted acoustic
basement. The basement is inferred to represent a rifted
and attenuated continental crust formed during the ear-
ly rifting and later seafloor spreading phase of early
Gulf history. The overlying sequence is inferred to repre-
sent synrift and postrift sediments, probably a transi-
tion upward from nonmarine to shallow-marine sedi-
ments deposited as the basin subsided. This sequence is
truncated by a major unconformity that was tentatively
dated as middle Cretaceous based on seismic correlation
with DSDP Site 97 (Worzel, Bryant, et al., 1973) and a
tentative seismic tie to wells in the northeastern Gulf.

Table 18. Physical properties groupings, Site 540.

This unconformity is recognized Gulf-wide on the seis-
mic data by truncation or onlap, or as a strong promi-
nent reflector. It is a key marker for interpreting the geo-
logic history of the region. It is designated as “MCU”
on all the seismic sections (e.g., Figs. 2, 5).

Preliminary Seismic Stratigraphic Framework

Introduction

The entire eastern part of the study area (east of the
main erosional channel, Fig. 1) is underlain by a thick
(up to 2-3 km) pre-MCU sedimentary section, which
overlies and fills in an irregular block-faulted basement.
These rocks either outcrop or subcrop beneath a thin
Cenozoic cover along the eastern flank of the erosional
channel (Figs. 1, 2). The pre-MCU section was subdi-
vided on a preliminary basis into three main seismic se-
quences (upper, middle, and lower) separated by major
unconformities designated as Unconformities 1 and 2
(Figs. 2, 5). The prominent MCU separates the upper
sequence from the overlying Cenozoic section. The un-
conformities are recognized by both truncation of re-
flections below and onlap of reflections above.

Upper Sequence

The upper sequence between the MCU and Uncon-
formity 1 can be observed on Lines SF-15 and SF-22
(Figs. 2, 5) as well as regional Line SF-4 just to the north
(Fig. 44) (see Fig. 43 for location). Near the channel
area, it is characterized by uniform, continuous reflec-
tions, whereas further east it becomes more discontinu-
ous in character as it approaches the Florida Escarp-
ment (Figs. 2, 44). At the base of the escarpment, the
sequence becomes much more chaotic and is overlain by
a thick wedge of sediments coming from the scarp (Fig.
44).
The MCU, which truncates the upper sequence, can
be projected and followed continuously from the basin
up onto the bank margin along the Florida Escarpment
(Fig. 44). The surface is interpreted to go under the
wedge. Here it probably represents a fossil bank margin
at approximately middle Cretaceous time. Relief on the
margin from bank to deep basin (and thus an approxi-
mation of paleowater depth) probably was somewhere
between 1000 and 1500 m.

Acoustic Thermal
Sub-bottom  Number  Wet-bulk Sonic velocity® impedance? conductjvity
depth of densiljy Porosity  Vertical Horizontal (vertical (%10~ cal Lithologic
Groupings (m) samples  (g/ecm?) (%) (km/s) (x 105 gem~—4s5~ ly deg=lem—ls—1) units
A 0-90 19 1.62 62 1.70 2.17 2.72 [ and I1
B 90-200 22 1.80 52 2.00 2.00 3.59 1.64 i
C 200-252 10 1.91 47 2,25 2.25 4.29 4.08 i
D 252-272 5 1.92 44 2.82 2.82 5.49 i
E 272-328 B 2.23 33 2.69 2.60 5.99 I
F 328498 30 2.30 24 3.51 3.56 B.O7 v
(S.D. .19 127 3.61)P
G 498-717 42 2.27 26 2.96 2.96 6.65 v
H® T17-T46 11 2.36 21 123 3136 7.61 vi

2 Corrections applied based on Boyce (1976).

Abnormally large standard deviations are remarkable. 5.D. = Standard deviation.

€ Lithology uncertain.
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Figure 40. Heat flow probe measurements, Hole 540. A. Sub-bottom
depth = 52 m. B. Sub-bottom depth = 71 m.
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Figure 41. Subsurface temperature measurements and thermal con-
ductivities, Hole 540. Q* value reduced 1.7% for in situ value. See
text.

Middle Sequence

The middle sequence between Unconformities 1 and
2 actually consists of two main subunits. The upper sub-
unit has a wedge shape in east-west profiles thinning up-
dip to the east; it is thickest beneath the channel area
(Figs. 2, 44). Internally, the unit has a seismic facies
characterized by discontinuous, hummocky, overlapping
reflectors (Figs. 2, 44). This facies extends for some dis-
tance in a general north-south direction beneath the
channel area throughout the study area. This subunit
onlaps, thins, and wedges out to the east onto the pro-
grading reflections of the underlying subunit discussed
below (Figs. 2, 44).

The lower subunit also has a wedge shape but in the
direction opposite to the overlying subunit. The thinnest
part is beneath the channel area, and it thickens to the
east toward the Florida Escarpment (Figs. 2, 44). Inter-
nally, it consists of gently westward prograding, inter-
nally thinning, continuous, relative high-amplitude re-
flections that onlap or downlap onto Unconformity 2
(see Figs. 2, 44).

Lower Sequence

The sequence below Unconformity 2 consists of a
series of relatively uniform and continuous reflections
(Figs. 2, 44). The lower part is somewhat more discon-
tinuous and onlaps and fills in an irregular acoustic
basement interpreted to be the top of a rifted and block-
faulted crust.
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Figure 43. Map of southeastern Gulf of Mexico showing location of University of Texas Institute for Geophysics multifold
seismic lines used to develop seismic stratigraphic framework and to select Leg 77 drilling Sites 535 to 540. Heavy lines
indicate location of Line SF-15 (Figs. 2, 45), SF-22 (Figs. 5, 46), and SF-4 (Fig. 44).

Pre-MCU Dirilling Objectives

Sites 535 and 540 were designed to drill as much as
possible of this thick pre-MCU section in the eastern
part of the study area. The section is at or near the sea
bottom along the channel and is easily accessible to the
drill. Site 540 was designed to drill through an abbrevi-
ated post-middle Cretaceous section and date the MCU,
and to then drill the sequence between the MCU and
Unconformity 1. Site 535 was designed to pick up ap-
proximately where 540 left off (stratigraphically) and
drill the rest of the sequence between Unconformities 1
and 2 and then penetrate below Unconformity 2 as far
as possible. The two holes combined would provide an
almost continuous section from the MCU down into the
lowermost sequence below Unconformity 2. The objec-
tives of these sites were to date the seismic units and
their bounding unconformities and determine the na-
ture of the rocks corresponding to the various seismic
facies.

Cenozoic Sequence

Overlying the MCU is a Cenozoic sequence (drilled
earlier in Hole 97; Worzel, Bryant, et al., 1973) that
thins by erosion along the channel (Figs. 2, 44). The
lower part of the section is characterized by continuous,
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high-amplitude reflections eroded by a major uncon-
formity with significant local relief. The upper part is
characterized by more irregular, discontinuous, lower
amplitude reflections. Based on the results of Hole 97,
this sequence is composed of Tertiary ooze and chalk.

Correlation of Drilling Results with Seismic Data

Introduction

Sites 535 and 540 were quite successful in meeting the
drilling objectives. Together they penetrated and sam-
pled an abbreviated Tertiary section, the MCU, and the
entire Lower Cretaceous. Unfortunately, Jurassic rocks
were not reached. There is an excellent correlation be-
tween the lithologic units and unconformities drilled and
the major reflections and unconformities observed on
the seismic data. Each site is discussed separately below.

Site 535

The section drilled at Site 535 was divided into five
major lithologic units (I-V) (Fig. 3; see also Sedimen-
tology section). Velocities measured perpendicular to the
core were taken throughout the section. These measure-
ments were grouped into 10 subgroups, and average val-
ues were determined for each subgroup (Fig. 3; see also
Physical Properties section). These average values were
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Figure 44. Portion of regional seismic Line SF-4 across basin area east of erosional channel showing thick pre-middle Cretaceous (pre-MCU) Mesozoic section with prominent
seismic sequences and unconformities (circled numbers). See Figure 43 for location.
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used to convert lithologic unit boundaries to two-way
traveltime. This allowed for a direct comparison of the
drilling results with seismic Line SF-15, along which Site
535 was drilled (Fig. 45).

This conversion indicates a good correlation between
the lithologic units and the major seismic units, uncon-
formities, and seismic facies. Lithologic Unit 1 (154 m
of Quaternary mud) corresponds to the horizontally lay-
ered sequence on the seismic data that onlaps and fills
the erosional channel (Figs. 2, 44-45). This sequence ap-
parently represents the very distal fine-grained part of
the Pleistocene Mississippi Fan system that filled the en-
tire eastern deep Gulf.

Lithologic Unit II appears to correspond to part of
the upper subunit of the “middle sequence” lying be-
tween Unconformities 1 and 2 (Figs. 2, 45). It is laterally
equivalent to the hummocky seismic facies of this sub-
unit, although at the drill site, the facies is characterized
by somewhat more uniform and continuous reflections
(Fig. 45). The regional relationships of this unit are dis-
cussed further below.

The upper and lower boundaries of Lithologic Unit
III correlate with two, closely spaced, high-amplitude
reflections, which are prominent unconformities along
Line SF-15 (Figs. 2, 45). The upper unconformity oc-
curs within the “middle sequence”, whereas the lower
unconformity corresponds to Unconformity 2. The unit
appears to be the thin and abbreviated part of a wedge
of sediments that progrades and onlaps Unconformity 2
from the east. Sedimentation evidently was much reduced

Southwest

o
~o

at the drill site, possibly because of its distal location or
currents sweeping through the channel area. This is sup-
ported by the low sedimentation rate (6 m/Ma, Fig. 3).

Lithologic Units IV and V correspond to the upper
part of the “lower sequence” lying below Unconformity
2. It is characterized by relatively low-amplitude reflec-
tions. The lower boundary correlates with a prominent,
high-amplitude reflection and regional unconformity, sug-
gesting a major change in sedimentation. Such a bound-
ary may have been reached in the bottom of Hole 535;
the last core had a much higher velocity than any pre-
vious measurements (4.70 km/s for five samples) (Fig.
3). Unfortunately, we parted way with the bottom-hole
assembly and were not able to either confirm this litho-
logic change or determine the nature and age of the
rocks below.

This hole allows us now to date fairly accurately the
major seismic units and unconformities. The prominent
unconformity between Units I and II is an erosional
channel that cut down through the Lower Cretaceous
rocks and is now filled with Pleistocene mud, represent-
ing a large hiatus. The two unconformities correlated
with the upper and lower boundaries of Unit III are ten-
tatively dated as late Aptian and Hauterivian, respec-
tively, again supporting a period of abbreviated sedi-
mentation at the drill site (Fig. 2). The unconformity at
the base of the hole is tentatively dated as late Berria-
sian, possibly marking the top of a sequence that in-
cludes Upper Jurassic rocks (Fig. 2). The uniform, con-
tinuous reflections of this older sequence just below the
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Figure 45. Portion of Line SF-15 (Fig. 2) showing correlation between Lithologic Units I-V at Site
535 and major seismic sequences and unconformities (MCU, circled numbers, and dashed bound-

aries). See Figure 43 for location.



unconformity suggests a continuation of deep marine
sedimentation at the drill site area, similar to the Lower
Cretaceous rocks above.

Site 540

A detailed sonic velocity structure for the hole was
determined from laboratory measurements. The veloci-
ty data were divided into eight groups based on similari-
ties in velocities and correspondence with lithologic units
(Fig. 4, see also Physical Properties section). The sedi-
mentary section drilled was divided into six major litho-
logic units (I-VI, Fig. 4, see also Sedimentology sec-
tion). The first four velocity units correspond to Litho-
logic Unit II, and the remaining four units correspond
to Lithologic Units III-VI, respectively. These data al-
low for conversion of drilling data to two-way time,
which provides a direct comparison with seismic Line
SF-22, along which Hole 540 was drilled (Fig. 46).

There appears to be some correlation between litho-
logic units and the seismic data. Unit III occurs at the
base of a sequence of high-amplitude reflections, and its
base correlates approximately with the MCU. Here the
MCU is defined as a prominent unconformity separat-
ing high-amplitude reflections above from low-amplitude
reflections below. The unconformity does not show as a
prominent reflector, but it can be recognized by the
change in seismic character as well as truncation below
and onlap above.

The age of Unit III (the gravity-flow deposits) ranges
from the middle Cenomanian to late Paleocene, so the
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interval here spans a considerable length of time. It prob-
ably represents a bundle of unconformities below the
resolution of the seismic system. These unconformities
can be expected to diverge laterally and may be individ-
ually recognized where the section is thicker. The term
MCU is still considered appropriate, however, because
the lowermost unconformity (base of Unit III) is middle
Cretaceous in age, based on the early Cenomanian age
for Unit IV below.

The base of Unit IV appears to correlate with the base
of a sequence of high-amplitude, continuous reflections
(Fig. 46). This probably corresponds to the change from
the rhythmically bedded Unit IV above to the more uni-
form limestone of Unit V below (characterized by a more
discontinuous, lower-amplitude seismic facies) (Fig. 46).
The age of this boundary is late Albian.

The bottom of the hole correlates approximately with
the top of a zone of higher-amplitude reflections and
Unconformity 1 (Fig. 46). This unconformity may cor-
respond to the lithologic change from Units IV to V,
which is characterized by a significant increase in coarse
skeletal debris. This boundary does not correlate exactly
with the seismic unconformity but this could be due to
inexact velocities. Unconformity 1 can be dated as mid-
dle Albian (Figs. 2, 5).

There are two unconformities seen on the seismic da-
ta in the Tertiary section that don’t correlate with major
lithologic boundaries, but they do correlate with uncon-
formities or hiatuses identified by the paleontology. One
unconformity occurs just below the sea bottom at the
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Figure 46. Portion of seismic Line SF-22 (Fig. 5) showing correlation of lithologic units at Site 540 (1I-VI)
and cores at Hole 97 (2—late Miocene; 3—middle Miocene; 4—early Oligocene; 5—late Eocene; 6-12—
Cenomanian) with major seismic sequences and unconformities (MCU, circled number, and dashed

boundaries). See Figure 43 for location.
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well site (Fig. 46). It dips to the northwest, truncating
beds below, and is onlapped by a thickening section above.
It probably correlates with a prominent hiatus between
middle Miocene and upper Oligocene (Fig. 4).
Another northwest-dipping unconformity crosses the
well site, also truncating beds below and being onlapped
by beds above. This is a very prominent unconformity
and has been mapped regionally. It has been studied in
considerable detail and found to correlate with a middle
to upper Eocene hiatus. A description of this uncon-
formity in the drill site area and a discussion of its possi-
ble origins is presented in Angstadt and others, 1983.
Above the Eocene unconformity the seismic data is
characterized by a relatively low-amplitude seismic fa-
cies, which probably corresponds to the uniformly de-
posited oozes and chalks of Unit II. Between the Eocene
unconformity and the MCU is a series of high-ampli-
tude reflections, which probably corresponds to the al-
ternations of hard limestone beds and chert within the
overall chalk sequence toward the bottom of Unit II.

Regional Implications

Correlation of the drilling results with the seismic da-
ta has led to several conclusions regarding the regional
setting and geologic history in the vicinity of the drill
sites. These conclusions are discussed below.

1. The drilling results have allowed us to date several
major unconformities that have been identified on the
regional seismic lines:

a) early Miocene

b) middle-late Eocene (Angstadt et al., 1983)

¢) Late Cretaceous, which in this area includes the
MCU

d) middle Albian—Unconformity 1

e) late Aptian, between Unconformities 1 and 2

f) Hauterivian—Unconformity 2

g) late Berriasian
All of the Cretaceous unconformities correlate with ma-
jor changes in lithology and sedimentation.

2. The seismic data support an Albian age for Litho-
logic Unit II drilled in Site 535, as suggested by the mi-
crofossils, not a Cenomanian age as indicated by the
ammonites. Unit II correlates with the upper seismic
subunit in the “middle sequence” between Unconformi-
ties 1 and 2 (Fig. 2). This is supported by the middle Al-
bian age established for Unconformity 1 at Site 540. For
Unit II to be Cenomanian in age, it would have to be
composed of a large slump block displaced down the
paleoslope of the submarine canyon from a position at
the MCU. If present, such a block might be below the
resolution of the seismic data or masked by diffractions
from the irregular channel surface (Figs. 2, 45). See the
Biostratigraphy section for further discussion of this
problem.

3. The region of the hummocky seismic facies seen
on the seismic data in the “middle sequence” is still a
problem. Because of its internal geometry and its north-
east-southwest distribution, this facies originally was
thought to represent rapid deposition as lobes in a deep-
sea fan system, although the facies could represent ex-
tensive slump deposits internally remobilized along a
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paleoslope. The seismic facies at Site 535 is more uni-
form and continuous and represents the lateral equiva-
lent of the main hummocky facies to the east (assuming
Unit II is Albian in age and not a displaced block as dis-
cussed in Point 2 above) (Fig. 2). The presence of coarse
skeletal debris in both Units II (Site 535) and VI (Site
540) supports the seismic evidence that the two units be-
long to the same seismic unit, which includes the hum-
mocky facies (upper subunit of middle sequence) (Fig. 2).

Unit II (Site 535) consists mainly of fine-grained hem-
ipelagic carbonate material interspersed with coarse skel-
etal debris. These sediments probably were deposited at
fairly high rates of sedimentation by currents, as sug-
gested by (1) the general lack of pelagic fossils, (2) the
relatively high sedimentation rate (if an Albian age is as-
sumed), (3) the presence of the coarse debris, indicating
gravity-flow deposits, and (4) common occurrence of
cross laminations. This fits well with the general model
inferred for the hummocky facies, but it doesn’t explain
the hummocky facies itself. A true fan model seems less
likely now, as there is no evidence for turbidite beds in
Unit II (Site 535) as well as Unit VI (Site 540) (i.e., grad-
ed sequences with sharp lower boundaries). Neither site
drilled directly into the hummocky facies; it may repre-
sent mainly lobes of coarse debris deposited by gravity-
flow mechanisms along a broad north-south channel
system. The units drilled may be the lateral, more finer-
grained equivalent. The source for the coarse debris
could be an extensive area of submarine canyons cut in-
to the Florida Escarpment northeast of the drill site
area.

Alternatively, the hummocky facies could represent an
extensive area of internally deformed beds that slumped
down a paleoslope shortly after deposition. These beds
could have become unstable along the flank of an old
erosional channel system developed at the site of the
present channel.

4. The results of Site 540 can be tied to nearby Site
97 (Worzel, Bryant, et al., 1973) using seismic Line SF-
22 (Fig. 46). Data at the two sites agree quite well. Ceno-
manian pebbly limestones similar to those of Unit III
(540) were recovered in Cores 6 through 12 at the bot-
tom of Hole 97. The two horizons correlate along the
seismic line and correspond to the MCU. The Eocene
unconformity at Site 540 progressively truncates the se-
quence of high-amplitude reflectors and intersects Hole
97 at about Core 97-5 of late Eocene age. The tracing of
the early Miocene unconformity to Hole 97 seems to
support a much thinner Oligocene section at 97. It ap-
pears to intersect the hole between Cores 97-3 (middle
Miocene) and 97-4 (early Oligocene), which agrees with
the age of the unconformity at Hole 540.

5. The thin gravity-flow deposits corresponding to the
MCU at both Sites 97 (Worzel, Bryant, et al., 1973) and
540 apparently are the distal portions of thick talus
wedges that formed along the base of the Florida Es-
carpment. East-west regional Line SF-4 shows how the
MCU horizon expands into one of these wedges (Fig.
44). The source of the carbonate debris evidently was
the Florida Escarpment to the east. Erosion of the scarp
is suggested by submarine canyons. Preliminary dating



of the gravity-flow deposits at Site 540 (Unit III) suggest
at least three separate periods or pulses of debris flow
and turbidity current sedimentation (middle Cenoma-
nian, Late Cretaceous, and late Paleocene). Thickening
of the upper and middle Lower Cretaceous sequences
toward the Florida Escarpment, as well as a lateral fa-
cies change in this direction (continuous to discontinu-
ous), indicates that the Florida Escarpment area also
was the source of sediments throughout much of the
Lower Cretaceous.

CONCLUSIONS

The conclusions concerning this site are given in the
Summary section earlier in this chapter.
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MUD, clive gray (5Y 471}, homogeneous, with scattered
burrows and small [~2 mm) wood fragments. Moderate
drilling deformatian.

late Pleistocens

trumcatulinoides N22 (F)

Information on core description 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.

Glaboratalis truncanulinoides N22 (FI
Emifiamia hoxleyi {N)

SITE 535 HOLE CORE 1 COREDINTERVAL 00-25m 535 HOLE 3
g FOSSIL g FOSSIL
s § CHARACTER g ; EHARACTER
R EMARE EE — N
2. Su|B| 2 ] ) MAE zl g
i E’S & E g S legu:lrg\r H LITHOLOGIC DESCRIPTION SElEE|E E g ElE Lw;g‘ LITHOLOGIC DESCRIPTION
R HEEHEEE FEH R HEHHEEE 25 1
= |18 |& g g = = E |3 § ElE =}
g & H 2 B HEHEE k2
.
AG o FORAMINIFERAL MUD, moderote yellowish  brown MUD snd SANDY MUD, obive gray (B 4/1] stwernating
VIBYR 5/4) to light beownish gray (BYR B/1), with sharp with pals reddish brown (108 5/4) enly in Section 4,
T uppes and and hasal contacts with clay. Lover two-thirds 3)-40 em, homogensous with rare burrows filled with
E of core is homogeneous olive gray MUD (5Y 3720 with sand. Modurate diilling detormation.
= rate sand laminse and burrows filled with very light gray
- INB) sandy mud, SMEAR SLIDE SUMMARY !!‘1!= b e
H s 3 3
£ & SMEAR SLIDE SUMMARY (%] o D [ o
= 116 1,45 1,106 Tuture:
- L] ™ D Sand 2 ] = 80
§ Texture: Sitt 18 -] 5 0
3 Sand M 20 - Clay s 0 1] 0
i 24 20 12 Compasition:
% Clay 52 59 L3 Quartz 5 0 2 50
Composition: Feldspar - - a0
AMICS: ! Quartz 1 1oz Hawvy minwrahy : * - =
Feldspar - - 2 Clay m 56 o4 0
Clay 52 58 &5 Glauconit T 1 T
Pyrite - - T Pyrite - = - Tr
Carbronate urspee. L L] Carbonate urspst, o 1] 3 -
Faraminifers 26 30 - Foraminifers T - = -
Cale, nannalomils 5 3 T E Cale. nannofosil 1 - T -
Diatoms 1 1 Tr 2 Plant debsris 3 3 1
Rudiglarians = - Tr .E Rock fragments - - = 10
Spange spicules Tr Tr - a
Fish remains. - - 1 g
Plant debein - - 2 =
Preropods a 13 -
SITE B35 HOLE CORE 2 CORED INTERVAL 25-120m
'é' cM:‘os::rL
RACTER
§ E [EIE 2| . | and pate raddish brown
- =
f% .c:'é ¥ g E g ;' tfr?a’é’fgﬁv LITHOLOGIE DESCRIPTION
eS(EN121 5158 (B2 g H]
H - G
= "'9—' a 3 g 5 = H
@ H g E__ £ §
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SITE 635 HOLE CORE 4  CORED INTERVAL  215-31.0m SITE 536 HOLE CORE 5 CORED INTERVAL  31.0-405m
2 FOSSIL ] FOSSIL
CHARACTER 3 CHARACTER
= ; = 1%
MEMAE |2 NARE £l e
oN = = w = ol =
TE EE|E § ElE t?r?lg:.uc:gv LITHOLOGIC DESCRIFTION TE 35 & g El e Lﬁ‘iﬂc{gr LITHOLOGIC DESCRIPTION
an|z Q = Elan 5
g2 1="5( 8|3 i FEE us =M 2 8| e
Z | |32 ] " ] i b
s g : HE = F B HEIE E
. é E 2 E 8 § HEH B
MUD, olive gray (BY 4/1), homogensaus, disturbed by
drilling. Savaral thin silty Leminations. CLAY, light ofive gray (5Y 5/2) 1o olive gray (5Y 3/2),
homogensous with scattared mud patches 1-2 cm scross;
! facaminifer layers <1 cm thick in Section 4, 37 and 116 em,
and In Section 5, 11 and 50~80 cm, Drilling deformation
moderate 10 extreme.
SMEAR SLIDE SUMMARY {%]:
L 1,138 231 4,116
= +] M M
§ Texture:;
Silt 5 20 10
'g Cimy % BO 50
& 2 Composition
=2 Quarts 3 8 8
= Feldspar - H 2
T Clay 3 80 L]
o Glauconite - Tr =
2 Pyrite 1 - -
5 Carbonate unspec.  — 2 -
£ Forsminifers - - a0
2 Cale, nannafosily - Tr
8
£ 3
i E
i
§ H -
E 3
=2
S
AG)
E
=
g 8
AP
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SITE 635 HOLE CORE [ CORED INTERVAL  405-500m SITE 535 HOLE CORE 7 CORED INTERVAL  50.0-595m
2 FOSSIL -] FOS5IL
- ; CHARACTER i |5 CHARACTER
<
g |5u|2]2]2 z| & 8 |zule[ale Z| 2
S EHHE 8% GRAPHIC 2 |85 H S| = GRAPHIC
,g :é < & 5 E LITHOLOGY LITHOLOGIC DESCRIPTION Vi .‘.é E A £ o LITHOLOGY LITHOLOGIC DESCRIPTION
£ 1271553 (E| [2|3 FFE SHAHHHHEEE F5H
F |8 ; 5 E § - |8 a ale 7
S HEHEE Eoms 3 5 |2|2]2)5 £ E
CLAY, olive gray (5 3/2] to grayish olive {10 4/2} and CLAY, M_ o l.lUD near base of Section 3, olive gray
light alive gray (5Y 572, lﬂwo;:ﬂm :xhg ﬂ: ;l'll 5Y :J’fl :‘I,.:‘u :l_-'lc ur::::r ss:: hﬂ‘mn:;m wnd
small foraminifecrich patehes in Section 4, 20 and 22 em, very defor illing, n Section 4, 90 cm down
r 1 core i 8 drilling mixture of clay and SiL Mutdy ntenal
SMEAR SLIDE SUMMARY (%) in Section 2, 125135 em
.70
D SMEAR SLIDE SUMMARY (%)
Texture: ing 1n
sitt 10 [ M
Clay 0 Texturs!
thaan: St 20 (L]
Cuartz 2 Clay a0 0
Clay 80 Composition
Carbonate urmspec. 7 2 Quartz 10 2
Cate, nannofossily Tr Feldspar 1 1
Plant deberly 1 :;vm ? oo
e L
Carbonate unspec, ¥ -
Foraminifers T -
Cale nannolossily % -
Raciolarisns e -
Prant debris 1 -
3
.
= =]
= B
: 4| 4 vewo
2
g [
=—mw
5
£
8
=z
iz
€ iz
o
g g g s
i i
2 g8
g i
B & o 7 L1, |—Thinsity
E-1 layar
i e
énﬁ AP




SITE usas HOLE CORE B CORED INTERVAL 58.5-69.0m SITE 635 HOLE CORE 9 COREDINTERVAL 63.0-785m
] FOSSIL £
g 2 FOSSIL
g g CHARACTER “ ; CHARAETER
MABER Z| = 8 z| e
2. o H B| & GRAPHIC Gul2l i
5 E§ § z £ £ | urolocy LITHOLOGIC DESCRIPTION T 2z|u g g g @ Lﬁ;‘g&;gv LITHOLOGIC DESCRIPTION
w512 i) |8]% BEES o wE|2R g e e
EEE P : A HHEH S :
= = - =
ENHEHE ik BHHHE $iH
4 Hight olive
_ = i CLAY, olive gray (5 4/1), homogeneaus excapt for seversl
05 CLAY. olve gray {5Y 4/1), homogeneous and slightly 05 = thyin layars of sandy mud in Section 2, 5-35 cm, and
3 eslenrsous, Intanse drilling delormation, i gy scattered plent and wood fragments. Lorge burrowi?)
! in Section 3, 125 cm, i lined with nannofossis and filled
SMEAR SLIDE SUMMARY (%): ‘ with ctay. Intanss drilling detormation.
1.0 . 'I»j .
? — SMEAR SLIDE SUMMARY [%):
Texture. q 1,100 2,16 3123
Sy 8 1 1+] M M
Clay L H . Texture:
Compositisn: | Sand Y 10 -
- Quartz & il 10 30 an
Faldsgar 1 cy 0 s ®
Clay 50 P "
2 Carbnate unipec, 2 2 $ Quart: == 1 | -
Cale. nancofasils 1 Feidsoor T 1 —
Clay 20 -] L]
Glaiconite Tr -
Carbonan unipee. 7 w0 10
voIo Foraminifers - 1 -
$ Calc, nannofessils 2 1 a0
2 Plant debeia - i =
g
3 7 voo z 3
- a
2
g 1117 i’
= £
2
B
=
2
4 4
it
i
cd
is
HH
ES
i i
Eg 5
5 22
i
=
& = L Y cc
]
z
iz
B
=
o
ﬁ &
§3 = oG
o cc {
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o SITE 535  HOLE CORE 10 CORED INTERVAL 785-880m SITE 535 HOLE CORE 11 CORED INTERVAL 88.0-975m
e
oo g Foss ] FOSSIL
« |& CHARACTER g g CHARACTER
g l=ulel® ; HE- MO @
I EH H I E =] GRAPHIC £ |25 E = GRAPHIC
5 :S ¢ 3 2 E|E AITHOLOGY LITHOLOGIC DESCRIPTION FE[EE|E E s gl & frisiylon LITHOLOGIC DESCRIPTION
¥§~§°§§ il g 3 | ;:gu;§a; 2% = k]
= - [ "= k3
F |2 HEE = 3 = £ EES 5
EHEHHE 3 M EHEHEHE 3 1H
MUD, ofive gray (5Y /1), silt fraction shawi biotchy GLAY, olive gray (6Y 4/1), homogensous snd highty
concentration throughout comg — mixed by intense drilling deformed in Sections 1-5. Cantaini scattersd plant frag-
deformation, Scattered piant fragments. Silty a1 Section | mants. In Section B, 110 em clay changes to pale brown
121 cm, and st Section 2, 100120 em. I5¥R 5/2) aned brewnish gray (5YR &71). Core-Catchir
containg patches of nannolomikrich clay, Burrow lined
Q, SMEAR SLIDE SUMMARY (%): with nannofassils and fllisd with clay acewr in Section 4,
1,100 - 20 em,
o
Taxture: SMEAR SLIDE SUMMARY (%)
Silt 15 1,110 7,26 7,80
Clay 85 $ o 5} ']
Composition: Texture:
Ouartz & Sand - - 5
Feldspar T 2 Silt 10 (] k)
Clay 80 Clay %0 20 5
Carbonats unipec. o Compasition
+ Cuartr 1 2 w
ORGANIC CARBON AND CARBONATE %) Fldipar - 1 |
1,106 2,108 Heavy minerals - - Tr
Organic carbon - - Clay %0 80 5
Carbonate 7 B Carbronate unapee. B B o
Foraminiters - - Tr
Cale, nannolossils 1 1 1
3
i ORGANIC CARBON AND CARBONATE (%)
x 7,83
a Drganic carbon
) Catanaty 34
a6 ¢
|
@ 4
s g .
T —{- voio & =
= .
g ¥ 3 .
i H 1
% z 5 — |1 voio
o -
H 1
g —
§ & B
% é 5 :
a ..% ralca = i gl
£
g . |
= Grponish gray
Z| —
= Pale brown to
§ 5 bwownish gray
i ’ .
g % [CG
.
iy
AM|AP cc %




SITE 535 HOLE CORE 12 CORED INTERVAL  975-107.0m SITE 535 HOLE CORE 13 CORED INTERVAL  107.0-1165m
g FOSSIL g FOSSIL
¥ § | cwamacten . |E | _cuanacren
cu|B]3 g 8 |z.l2]= z| w»
‘f'g' Eg HE z £ E Lmv 3 LITHOLOGIC DESCRIPTION ze Es = g g 2 E ngv LITHOLOGIC DESCRIFTION
=Nz g an|z o -
S NHHHHBEE EFE A HHEHEEE i FH
¢ HH T EH - BHHEE Eied
| |5 [B]2]3]3 d s |2 3 FEE
CLAY, olive gray [5Y 4/1), homogenecus, weccuted and ﬂmmm:’::ﬂvnl‘:lm:.‘““sv 4::‘:1;:,:.,‘,. olive
intensaly deformed by drilling, from Section 1 thraugh 1ap with scaty t fragemenm
af Ssction 1. Section 3, 30—65 em i & deformed mixtizm to Section B, 126 cm, CALCAREOUS lNANNOFO_SSILI
ol clay and MUDDY FORAMINIFERAL OOZE. MUDDY CLAY occurs between Section 8, 125 cm and Secrion 7,
FORAMINIFERAL DOZE, olive grav (5Y 4/1) with 4 om. Olve gray [5Y 4/1) CLAY, moderataly deformed
soattered lighter patehm (laght olive gray [BY 5:2]] ooy with scattersd plant fagments and foraminiber.rich patches
from Section 3, 65 cm to buse of cam, Oaze n mauiee from Section f, 4-53 om, end Cors-Catcher, Mo edi-
and contaim seversl long (2-6 em) clay Iragments, Moder MBATArY SIFUCTUrES apparent
ate drilling deformation in lower hell of core. e
SMEAR SLIDE SUM %
SMEAR SLIDE SUMMARY (%) 1,90 2,120 E,65 6, 148
3,100 o o M ']
o Texture:
Texture: Sile 20 o 0 L]
e Sandd 40 Clay 80 E] o o
S 40 Compesitian:
Clay 20 Ousorez 5 5 Tr 1
Composition: 2 Feldspar 7 1 - -
Ouarts 5 Clay 80 0 80 n
Feldspar 1 Cartsonats unspec 172 4 16 B
Clay 0 Foraminifers - - - 1
E Glaueorite T Cale, nannofossity 1 T = 20
Carbonats unipec. 3 + Calenpheics r_u:
:g Foramaniters 60 tunicate spioubes — - - 2
o 3 5 O ) Cabe. nannofossils 2
2 = .'I'_I,_'l' Spange spicules 1 ORGANIC CARBON AND CARBONATE (%):
=2 e b i . Shall debris 5 3 8, 145
J+T— Calcispheres and Qrganic carbion ! k&
o ey oty tunkcate weeubes 3 Carbonate 0 k]
- Eg—mw
AT ORGANIC CARBON AND CARBONATE (%)
- 475
e K | it 23 ¥
(4 T Organic carben -
g b gititg T3 Carbanats ]
[T T
£ 4 T N
2 i il H
H B P 5
J' - g
§ 2 gy =
— o
3 5 :':'T_l': £
é % _T-T_'-
T -
A e [ R B
G|PM co] 4T -
[
3=
se
g
3% b
cr
AN AM
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SITE 535 HOLE CORE 1 COREDINTERVAL 1165-1260m SITE 538 HOLE CORE 15 CORED INTERVAL  126.0-1356m
(] 551 2 FOSSIL
5 Z CHARACTER ¥ H CHARACTER
Bul|2| 3 El & Lful2]2 ! gl g >
1 EHHE 3 2| & Snapuic EAEHEFIE 2| & daAPiC o LITHOLOGIC DESCRIPTION
N E HE £| & | uHology L LITHOLOGIC DEACRIFTION L2 e HE £ B uTHoLOGY | Eg b
£71E7 5 e 5[] (2] ® +FH N HEFHEE +FH
F ol HEIE 5'..! R HEHEH =_,§
s [8)3)2]5 Fs FE HEH FE
T
% * CLAY, olive gray [BY 4/1), homogeneous with scattered CLAY, grayhh oliva [10Y 4/2), with several small, scattered
patches of MUDDY FORAMINIFERAL DOZE and oces- 05— patches of muddy foraminiferal coze. Cors s arliling
sianal plant fragments. Foraminiteral mud s light obive brecels down to Section &, 28 om, then vary deformed
aray {SY B/2-BY 8/1). Intense drilling defarmation for 1 1o base.
mest of care
1.0 SMEAR SLIDE SUMMARY {%):
e d SMEAR SLIDE SUMMARY (%) 3,83 3,93
1,25 1,128 2,10 o M
o [l Taxture:
. Texture: Sand - a0
Sand B 10 & Sii 1] 0
2 Siit 5 80 76 Clay ) ] a0
- Clay -] o0 20 Composition:
8 Composition: a2 Clay 0 an
E Cuartz - 10 L} Gvbuu\_uumm - n
L e Clay w2 Foraminiters - a0
:;1‘ = Carbonate unipec. L] 0 i
g Foraminiturs - 0 60
Cale. nannotossily L] - 1
§’z_j Radialarian - 3 2
g0 Sponge spicules 1 - 1
z Plant debris T 1 1
2 Tunicate and
% hplothurisn spicules - 1
3 : ) .
%
i
glu -3
FMjcm -
4
=
H
Z
H
@
g
5 s
£ ]
E -4 voio
E
"'Iw oM s ~ =
SITE 535 HOLE CORE 16 CORED INTERVAL  136.5-1450m
— FOSSIL
g § CHARACTER
EMEIELE gl 2 >
e ES HEIH HEE liviotyi 2t LITHOLOGIC DESCRIPTION
£7IET 5| 5|2 (8] (®|® el
F 18 a E g = = Els
o = a 3
=
§ MUD and SANDY MUD, olive gray 1o light olive gray
i 05 (5¥ 4/1-5Y §/2 and 5Y B/1), alternating s shown, Mud
k] z 1 n homogensous; sardy mud layer in Core-Catcher has
= w sharp bass! contack and is graded. Most of core s very de-
= |3z formed by drilling. Thin sendy leyers st 100106 em.
£ s‘i 1.0
SMEAR SLIDE SUMMARY (%):
2 3| 124 €610
; M
! Texture:
£ Sand @ -
LA it n 10
Clay 1 w0
Camgasitian:
Chuartz 50 =
Faldipar 2 -
= 10 e
Carborats umspec. 10 g
Cade, nannofosily - 1
Rock fragments ] -
silt o -
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SITE 535 HOLE CORE 17 COREDINTERVAL  145.0-1545m SITE B35 HOLE CORE 19  COREDINTERVAL 184.0-17356m
g FOSSIL g FossIL
2 g CHARACTER § g CHARACTER
MM HEE zl 2 - FANEE z| @
= (2 3 = GRAPHIC = pwlEl =135 3| = GRAPHI 4
A EEE El 2 | umwowoey 2 HLITHOLOGIG DESCRIFTION SE|EE|E 2 E [ | oohae LITHOLOGIC DESCRIPTION
RRHHHAREE 2 +F SHHHIREE 4 FH
= ] =
N RHHEE =tH N AHEHHE sy
5 |2]3]&[a Ed ERHEEE ik
= A M =
2 & Top 2.5 meters of core coouisix of 8 drilling beeoeia of alive ” pLe = % "
gl =z . P R s Ty LIMESTONE, grasnish gray (SGY 8/1] 1o light gray IN7)
g 3 | :::.is\r g,-ﬁ:"? ';_—: n,'f“_.;;“-o,. e on R os T | and light olve gray (Y B/1, laminated theaughout,
n in Section 1, , === .
gl 3 & SANDY MUD, light ol gray (BY 6/2). A drilling mix- | == Laeninations sre irregular and caused u"‘:k""l'"“'"'";‘:
a £ A ture of clay, sandy foraminiteral mud, calcarsous sty mud, — ——— i, Semesur-grigen oty - s CH o §
5 g B e iRy - carbonate, Light and durk iernstions sl oceur on
*| 7 A 120 cm, The Core Carcher is mainly light gray (N7) LIME = . e
2 A STONE. with taint Inmieiioes: and o b liorizontel eft: et * andior loaded on darker, finegrained lyers, Bodding is
2 'S Cltewaiptet. e ———— inchinet ~1-3° to core axis, A thin (3 om thick) fayer of
E SMEAR SLIDE SUMMARY [%): —_—— laminated, scarss pyritic carbonate tand occurs a1 50 em in
E A £0,16:00:2¥ _—— Section 2; two mare are in the Core-Catcher
§ 4 A Comgosition: " " .
= |2 Thin Sectioni:
< |3 14 Qry ¥ il 2 = 5, 104: Micritic limestone (mudstane) — fine-grained, lam-
E A Cutoosveympec;, 35 06 P inatadt With coarsar material in som laminations con.
AP/ —von £ oomeiCot's x e e visting of calcitmreplaced. radiclarie, peloit, pelugic
i M i Bolnanite * ' P faraeminifers and recrystallised debeis {calcite]. Dolo-
Y e lac e it thamis maks up shout 7% af sampla,
5—E RGANIC CARBON AND CARBONATE (%]: e
by ce 2 ——— — B, 102: Micritic limsstone (mudsional — finegrained
o = — e e and laminated. Laménatiors comist of darker micrite
g:r];::::' ! e : T : T : T imore clay-rich?) ant coarsar materisl including calcite-
e e m— (riri reploced radiolaris, foseminiters, and pyrite,
—— = i
=0t [T} SMEAR SLIDE SUMMARY (%)-
SITE 535 HOLE CORE 18 CORED INTERVAL 1545-1840m 3 h——— I‘]-”“ ;—“‘5 3'-5‘
H Foss| | ———— — L Comporition:
& é CHARACTER e Ciay 10 s -
EREAE - = e —— Pyrite - - %
X EHL g El 2 GRAPHIC = L a 44
z|E8|E - & LITHOLOGIC DESCRIPTION e rbonate urspec, BB 7 50
g'g gﬁ H i g g o ¥ LITHOLDGY o |2 Ee—— et Y = B
2 |5 |3 " 5 e —
S |- §gg= &l i?g e ——— AND TE (%)
L x L e 1,33 4 136
- 4 | Organic Carban 040
B ———— e Carhonate 2 8
———— LIMESTONE, light olive gray (5 8/1) to preenish gray m====
o5 I (SGY /1), banded and laminated as marked, Laminations 5 T
————— N and thin beds 0.1 mm—2 cm thick ere either alternations 2 Tyt
1 e of cosrta lalitsize] and fine |clay) carbomate particies < : T : T : T +
——— andfor color varigtions. Coarser laminaticns and Layers F ———
1 F— :_ T ; have apparent losd strectures and some appear 1o be | ——T——
T rippled an & wery fine scale, Boundaries batween laysn e — —
P i i warisble: both sharp and gradationsl, Coarser layers I : T : T :
T ‘.— [RJ Y abways lighter in color, Seversl small offsets nated in Sec P—p—t—y—t—y
= | sicn &, No Core-Catcher, AR ===
e i Thin Section: P e
- 4, 50: Limestans (peloidal, wackevlonel — consists pri- —— ~
Fl marily of micrite and thin laminations composed of I : T : T :
layers or lenses of paloids with lesser amounts of shell e
detwis, calcified rodiolaia, arenacesus feraminiters ——
| and pyrite. One lver i normally graded Long sxi ———
of shell debris i wbperallel o bedding. Dolomite ' T T
i l oecurs us scattered rhomibic crystals | = 5%), .—: T : T :
z T T T
2 | SMEAR SLIDE SUMMARY (%): & F B
1,150 e
0 P o = .
Composition e T
1 Gy 15 e
. Carbonate unspoc. -] T T I
Foraminifers Tr = .
Cale. nannofoslls Tr e e s
= oG Sponge spicules Tr 7 o
r} [— Delomite & -
B =
§ L [cc 4
2 P 4 :
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SITE 535 HOLE CORE 20 COREDINTERVAL 1735-1830m SITE 535 HOLE CORE 21 CcpRED INTERVAL  183.0-1926m

0bS ANV 6€S ‘SES SHLIS

g FOSSIL E ‘:H:g“ll-
CHARACTER ACTER
® % =
- EMAE = Y R EMBE L =
€t |2z 8 B £ ,5_ p| o | g LITHOLOGIC DESCRIPTION EEHE g H 2l & GRAPHIC LITHOLOGIC DESCRIPTION
z = & LITHOLOGY - H - 5 LITHOLOGY |,
MAEL] 3 ol w FE w3 (2N Z < w 3
=Ei§§§ = BaEl s T HEE R E
=4 =] = ] -] E
g |g 7 E e E
& |clz]|=]|8 E | ; = § HE g &
8 —— T e LIMESTONE, banded greenith gray (SGY 8(1-5G 8/1)
o5 o : LIMESTONE, banded gresmish gray (5GY 8/1) 1o derk = 10, dusk Jresaish geay 156 /1) Ehanging I 8 somuiskist
= el greenish gray (55Y 4/1) on & scale of 1 mm—20 em, lam. i ———— uniform and lighter greenish gray (56 8/1) to yullowis
1 m— e e - ingted throughout. Seversl scales of rthythmisity super- 1 e —— gray [BY 8/1) in Section 4, 90 cm, and persisting 10 base
—— X imposad: 1) laminations — consist of micritic limastons, = : T : T : of core. Alternating laminated and borrowed intervals
1= r_: I || » usially dark, shternating with Nghter micritic limestone 1. T X in Sectiors =3 give wity 10 burrowed fimestone @t hase
— .—'—l T “1 or irregular, fighter colored [aminations of carbonate wilt B ol Section 3 through Section 5. In lamingted sones burrows.
T — or very fine-grained sand, and 2§ 1-20 cm banding — T : T : T ar mostly sulparallel 1o bedding which & approotimataly
——— | eontlsty of lightdark alternations of laminsted micritic B m— nerizontal, Discrete, light colored carbonate silt laminaticns
—— limestone and of intorvats ol mi le!lr_nﬂ_!ﬂm a"t!'ﬂllfir\t'l 1 ardd thin {1 mm—3 mm) leraes comman in Sectlons 1-3;
T—— with lighter intervals rich in carborate gilt/fine send laming ;_. : — 401 grains ae mixed and disseminuted in mastive, burowed
B i 1 tions, Burrows are sparse. Several amall sumped lamina T limestore fram  base ol Section 3 through Section 5.
AP e e | . tions in Sections 3 and 5. Load strucrures in silty leyen B e Several 4ilt lavers with load structures; occaional emall
2 _: — : ‘_: in Section 1, _~!III em; Flw-lilln‘:! weind in Section 2. 2 T : T : T shumps in leminsted intervals s marked, Larger burrows
= < T | EB-B7 em. Microcros laminations in caorbonate st in - m are fillsd with carbonate sil. Shell fragment in Saction 2.
e e — & Section 2, 58 em. —— 65 cm
— e
T Thin Seetion: e Thin Section:
== 2, 58 Laminated micritic (mestong Imudstone) — fine —y— 4, 106; Limestone (skelota! wackestons with a burrgw
— grabned micrite with coarmer.grained laminations, Cosrser 5 T fil of skeletal packstone] — wacketone containg 20%
T T lavers composed of pelods (50%), skofetal fragments 2 =y = peloids of very fine sand-ire snd sbout 5% sketetal
———— | Uciucnd. neclmartuict aed thin beestve chell fragmacis £ e fragments (thinahelied rudisis?) and foraminifers
—_—— I = = 10%), snd cemant (40%). Grain tize of coaciar matar- e {Orbitaling] in 8 fing-grained matrix with some dis-
E : = '_: il u~50 g, Pyrito fringes soma laminatione. —_— cernible siltsize poinids, seelotsl iragments, and calcite
3 I 3 o —— — sphures (replaced radiolaria?). Packsiane filing the bur-
— SMEAR SLIDE SUMMARY (%) T : — : row contains about 30 oyster and rudist shall frag:
- 1,66 1,100 4 156 &, 986 ——— ments, 20% pelobds, 6% biocky calcite cement, and
L o o M " o e i minar achinoderm fragmonts and midiotid faraminifers
e H Campation: — v i
Clay 20 W w0 0 o ——
e - Cahonataunspec. B0 90 90 60 e SMEAR SLIDE SUMMARY (%)
== Ly 3,80 547
| — ORGANIC CARBON AND CARBONATE (%): ——T o o
. e 3,124 4142 T Compositian:
5 e flight}  {dark] = Clay 30 0
= 4 e Organic carbion - - . Y Carbonmte prspes, 70 B0
B T T T 1 T I &
T .l :- : = Carhonate ™ e = e _: . Calc. nanngfossils bl
e — i —— = ORGANIC CARBON AND CARBONATE (%]:
:,:l 5 —— 1,10 544
=———F L T Organic carbon - -
— —— | ———— Carbonate ] ]
= 5 ——
_———
T T | HI —— e +
m====== ——=——=\&
—— 1 X
L =————=xp¥
e |
——
— —
—
[ i
—
————
oy
———
o
T——T—r
A ===
——
—=——== I
E oG
=55
e i
7 =S
e ——
FA|Fp cc ===




SITE B35 HOLE CORE 22 CORED INTERVAL 1925-2020m SITE 535 HOLE 23 CORED INTERVAL 202,0-211.5m
£ Fi o
< 5 I:HAOR“N;%'ER i I cummn
MAE HE MEAOEE z| 2 .
oy = =] i S|l =
g‘é £3 E g 5l E Pirs: ; LITHOLOGIC DESCRIPTION TE gs i Bl z | e d o LITHOLOGIC DESCRIPTION
T AHHEHBUE +FH A HHEH B EE P Ejeg) ¢ [e2
f £ 1H 12 g =
-HHHHE HEE BHHHE 1 :HE
i fe—— i enl —— .
= : —— w + LIMESTONE, mottied greenish gray (SGY 6/1-5Y 6/1), P — : T 'l 0 k= s LIMESTONE (interbedded muchtons and skeletal grain-
0.5 = = a1 with alternating leminated and barowed intervals in Sec- 05 —r stane), Biocksstic layers are genevally gresrish graw (BGY
. —— tion 1 86 marked, Limestone ks vary finely crystalline with r— /1 and massive with abundant medium dark gray (NA) snd
1 T : T : T : [ :;ﬂ:oe eo;ll;r carbonsty I-I!I:dwpo;:ll wnd pbundant 1 = — : T : - yellowish gray (5Y B/} shell tragments. Dark gray dhall
B ——— 1-2 em x 2-3 cm burraws fillad with fine-to-caarse car- T I T fragments are | mm—10 mm across and are mostly
1 — bonate send and shell fragments. Cosrser carbonate and 10— oystefmalivse fragments aligned subparaticl 1o begding
= shull debris becomes more sbundant in burrows and as T Lighter fragments are mainly rudists and foraminifers with
- = scattered particles in the limestons downcors, by Sec : T : T : T v 2om size targe. Finer grained carbonate is mised with the
ad = thams §-7, intervals of skelatal debeis Up to 38 cm thick e T coarser grained shall debris, Interbedded fne-grained lieme-
r — become common,  These intervaly sre entaruively bur- S 2 sors i greenish gray (BGY B/1), with scattered shell
s rowed and mixed with the anclosing fine grained lime 0" ] fragments and sbundant burrows, many filled with cosre
— S— — store;  baial and upper contscts are gradational and S S— ':t shell  detwis, Contects between  fine-grained  limartons
T commanly burrowsd. Skelntal limestone consists of mixed — — — and bioctastic layers are gradationsl and extensively bus
2 . —— fing-grained limestone and 1-5 mm fragments. of carbon 2 " _“4 1owedd. Dnly one hioclastic intarval has a sharp baws (Sec
e S & nte sand (peloidi?) and oysterlike shell fragments, Sholl — e — i tion 1, 90-04 cm: pyritized base). Most bioclastic intervals
A—r = ,_; fragments aligred subparsllel 1o bedding (generally per- EP . S— .E are not discrete layers but burrowed mixtures of shell
L e pendicular 1o core axish. Interbedded with skeletsl layers R e——— Is debais and fine-grained carbonate, Several thin carbonate
e and nomal finegrained limestone se thin (2-5 em] S ——— = silt tayers occur. Both [Sectiona 4 and 61 are laminated:
—hr Vight greenish gray (5GY B/1) gray (SY &/1) layen com — = T ] she laver in Section 4 sppes sippled and fautted.
—_——— manly with sharp basal contactt and burrowed, grada = ]
=== tional tops. Basal contacts are commanly inregular whers —— ,h_
7 S — material file burrows. These layers are composed of fine e e
e = sittsize carbonate. e N Thin Sections:
e I : I : — 1, 11 Limestona (grainstone] — fregments i this lime
3 — = Thin Sactiont . 3 ——— % stone consist of dark casbonate rock fragments (50%),
e &, 144 Micritic limeitone [mudstone] — finely crystslling e A molluse fragments [20%), rudists (10%), formminifers
e limestone composed af B5% micrite, 10-12% cement, e I (10%), peloids (10%), and minor echinodérm  and
e and 3-5% graine. Graird include rudists (40%], oysten’ i — — == earsl fragments. Matrix & esleite cement (BU%) and
== molluse fragment (20%], benthic foraminiters (20%), — "0 micrite (10%]. Avarage grain size |5 about 500 um
2o-i—p-1 peloids (5%, carbonate rock fragments (5%) and trace A ‘ Dark cotor of lithackits may be due 1o pyrite.
5 i smounts of echinoderm fragments. _g (= 3 % T k I === 1,30: Limestone {grainstone) — fragments, ~500 g in
b T T - - - = | b site, include limestone clasts (40%), molluscs (20%),
= — :__l_ ORGANIC CARBON AND CARBONATE [%): e ——— torsminiters (20%). wdists [10%), pelioids (B%) with
e = 1,36 471 4,100 cC ——ir = _” minor ¢oral, bryoroa and calcarsous green akgee. Some
4 e Organic carban = = 046 - i e ‘nterpenetration af grain contacts, Matrix is 0% cament,
= ._._':_ Carbonate LE] [ a -3 —" ; : B0, mécrite,
- — i s T 4, 21: Limestone (skeletal wackestone with a layer of
T e S skelntal packstone and burrow filt of skeletsl grain
0 = S B —— - vione) — Packstone confains coarse sandsize fragments
——— —_—— of oysters, rudisn, end miliolids (30%) and peloids
Ty —_— 1 (20%). Some rudist fragments have sadiment filled
1 I e m— — chambers. Grainstene eontana medivm sand-sioe voids
ety T e e (10%), paboich and rounded lithoctasms (25%], skelatal
e e 1 ——— qgraing (35%) and blocky calcite cement (30%).
= L S e — 6. 41: Limeitone muditone with lenses, beyers, and burrow
5 5 s e e 1 H il of pack: ) = gereral i
- _— lkl matrix (mécrite and detritus <30 pm TO%), skaletal
-1 T e grains (molluses, calcite spheres, textulanid snd mil-
 — —— — L e S— Ly iolid foraminiters — 20%). peloids (10%) snd caleita
AP ——— x T = =A cerment (traces),
o —_—— = & CC: Limestons (grairatons) — consists principally of
— T T T k snailow water carbonate grains (BU%] cemented by
—— —— Y calcite (40%). Grains include petoids (26%), foraminiters
cP = L - —— : . (25%), rudists (10%), molluses (20%), limestane lithe-
[ Tt ’% clasts (10%), and echinoderms [5%), Some palfial canals
& T I T — e —— of rudat fragments are filled with chalcadony.  Dne
=== P ===== E 3 mm mudstone/packstone Layer oecurs in this sempla.
T T T lcc s —
e = 2 ORGANIC CARBON AND CARBONATE %1:
. 1,86 4,122 51
— Organie earbon = = 053
e =1 Catnete ®_a @
7 T
[FM| oo

€01

0pS ANV 6€S ‘SES SHLIS



20!

SITE 635 HOLE CORE__ 24 CORED INTERVAL _ 2115-221.0m SITE 535 HOLE CORE 25 COREDINTERVAL 221.0-2305m
2 FOSSIL 2 FOSSIL
@ g CHARACTER § g CHARACTER
g |5«l2fa]g gl e FMEEE zle >
2.l s g GRAPHIC A EHEE e GRAPHIC =
TS =§ E 2 E| B | uioloay LITHOLOGIC DESCRIPTION = E g H E| B | umHoloay 1 LITHOLOGIC DESCRIPTION
S HHHEREE N HEE +IEHE
E |= 5= F |8 £ =}
HHHHE M HEHE 3 ¢
=== it
LIMESTONE (interbedded mudstone and skelawsl grain- =l LIMESTONE, grasnish gray (SGY 8/1) with thin bands of
wane).  Fine-grained limestone i varigble.  The maost 054 — e light olive gray (5Y B/1); banded and lamingted throughout
common Type |5 massive, greenish gray (BGY 8/1) and T— with only minar bioturbation and scattersd thin 12 mm),
1 burrowed. It containg scattered bioclastic debris and 1 m——— Hight gray (N7) sandy laminations. Light olive gray lime
large burrews filled with fineto-coarse sand-sire carbonate T - stons bands sy 318 am iick, Contach betwesn bencs,
bicclastic debris. A less abundant type it banded snd lamin. 1.0—=T=—T——x Jayers, ‘and Jeminations an shers, The thio sendy lsmine
ated gresnish gray (SGY 8/1) imestone with mingr bio- I——T . tions are mixtures of light and dark grains, primarily
turhation snd ltth or o coarse bioclastic materisl, Yel T : — skosltal grair, peloids, serd pyrite,
lawish gray (5Y 8/1) 1o grenish gray (SGY 6/1) lemwestone — ; =
it & third varient; it s Leminated sndlor bioturbated with ———
sharp bese and sharp or gradational 1op. Bioclastic lime- e : : - : - Thin Sections:
ttan s similar 1o that in previols core. Goours m lndls: ——— 2, 32: Limestone (gralnstons) — grans in this sample in-
tinct intmnvals with mixed and gradational contacts rathe: " ——— | ciude forsminiters [30%) peloids [or limestone litho-
than sharp contscts. Burrows commen throughout. Shell el T clagts?, 30%) snd melluec fragments 130%). Matrix it
2 materisl s primaily fragmenn of moliuses and nadets < " 2 T : T : = + BEX carnent, 15% micrite,
sy 10w 2 T 3, 83: Limestone (prainstons) — sample comsisn of 60%
T : T : .__"' i grairg, 30% cement and 10% micrite. Gran types include
+ I o peloids [I5%), molluses (75%), foraminifers (30%),
SMEARSLIDE SWM;R:‘,?]', @ ————— ¢ limestane fithoclssts {10%), and traces of coids, calcar:
-E » o T :1 = oous gresn aigee and echinoderms. Sand it well zorted
= Composition: " : - : | with an sversge grain size of sbout 260 prm.
@ 5 15 A
o b 1 - ! SMEAR SLIDE SUMMARY (%):
3 Carbonate urspee. 95 84 3 T s L1 2 dam
Cale. nannotossily T - FP e A . SR o o
_— i Oz BEEE T T
1 1 — Clay 10 %5 15
Pyrita T = i
Carbonate urmpec, 89 % 85
Plant debwrls 1 Tr Tr
a DRGANIC CARBON AND CARBONATE (%):
.80
Drgenic cerbon -
== il
SITE 535 HOLE CORE 26 CORED INTERVAL  2305-240.0m
o FOSSIL
o § CHARACTER
- EMAE z| 2
S ES H =1 GRAPHIC
E
R 8|z El B LITHOLOGIC DESCRIPTION
12128]% £ 5l & LITHOLOGY 2
43| HEIHREE FhEE
£ s ilz)2 £ B2 ; 22
R EEHE FEHE
RP ==t
g e e N LIMESTOME, medium geay (NS] with light clive gray
5 1 ps o= {5 B/1) to yellowish gray [5Y B/1) bands, Isminated and
4 = banded throughout with some sand-size debris in discontin

uous isminations at 35 em.  Formations and banding s
f both color h

ORGANIC CARBON AND CARBONATE [%]:
122 1,23

Organic carbon 03 -

Carbonate 8 8

0vS ANV 6€S ‘SES SALIS



SITE 535 HOLE CORE 27 CORED INTERVAL  240.0-2405m SITE 535 HOLE CORE 28  CORED INTERVAL 2495-269.0m
o

FOSSIL
CHARACTER

El

E

FOSSIL
CHARACTER

GRAFHIC
GRAPHII
LITHOLOGY LITHOLOGIC DESCRIPTION SharIc fircian e

TIME - ROCK
uNIT
BIOSTRATIGRAPHIC
ZOME
MANNOFOSSILS
RADICHL A RIANS
DIATOMS
SECTION
METERS
TIME — ROCK
UNIT
BIOSTRATIGRAPHI
ZONE
FORAMINIFERS
RADIOLARIANS.
DIATOME
SECTION
METERS
NTARY

FORAMINIFERS

TILLIRG
= Dig:
11
SAMPLES

LIMESTONE, medium gray (NSh banded with light gray
BY 8/1) with sharp confscts befwesn color changes.
Lominated and banded throughaut with scattersd, sparse

LIMESTONE, banded medium gray INS) and light olive
aray (BY 6/1), banded and laminated throughout with
scatiered burrows and some contorted laminations. Thin

SoI1

(061 mm) laminse of tine carbonate sand are sparsely
scatiwed throughaut: many are dhcontinuows. Thin layer
of displaced  celestite/strontisnite cryatali nesr base of
Section 6 Small tault in Section 7, 50 cm,

L burrows, Section 3 contains 3 layers of dark greenish gray, 1
= connely crystalline (0.5—1 mm) ealetits and strontianite,
Crysuals delorm and displace laminations of encloing 1 T
I Thon, l sandy about 1 mm -
. thick accur in all sections.
e —— ORGANIC CARBON AND CARBONATE (%):
T 1,34 1,45 5 I8
Organic carbon 0,48
Carbonate ™o 90

HHHHHHHHHH

.n.,.-..ll.l....-...

Thin Sections

2, 64: Limestone (mudstone) — rock i primardy micrite
(5%} with sbout 5% grairs, Grain loem cne major and

T weveral minar laminations ard fill burraws, Grain types T

inchude 40% molhsscs, 40% foraminifers and 10% peloids. 2 —

Cement occurs & small spheres [replaced radiolara)

———1 throughout the matrix, o

3, A7 Laminated limestone [mudstons with grainstone T=/
laminations) = laminations are of two types: 1) come _‘_,
posed ¢ peloids (200400 prm), Foraminifors [miliolids, =
extadarids], molluse fragments, plus secondary dobomite
cement, arsd 2} composed of palagic foraminifers and re- RP =
Paced radiclaria. Type | tondd 1o be lemoid and discon. -
trwous: Type T lamunations e more continuous, T
aout 30100 um thick snd haws 8 maximum frequency 3 [
ot 4fmm, Pyrite & concantrated in the lewinations. 2

3, 106: Cebestite/strontianite vein or layer — thin section 4=
shows isolated clasts and inclusions of fine-grained lime-
stone within and wrrounded by crysals of celestity
and strontanite up to 1 om beng.

L

HHHHHHHHHRHHHHHHHHHUUYY

|

1
HHH

FP
NOTE: Core 20 258.0-268.5 m: no recavery.

u
HHHHHH

Albian

RP
FP

P, cretaces (N}
w

=l

SMEAR SLIDE SUMMARY (%)
1,140
o
Composinon a
Cuwrez 1
Clay 10
Carbonate unspec. 28

ORGANIC CARBON AND CARBONATE {%]:
Lns

Organic earbon A

Carbonate 8

I - —=l[F
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SITE 635 HOLE COAE 30  CORED INTERVAL  2685-2780m SITE 535  HOLE CORE 31 CORED INTERVAL 278.0-2875m
— FOSSIL = FOSSIL
4 ; CHARACTER - E CHARACTER
8 lz.le]al® z| = - R EREE z|lm
ze (221 S 3 Q GRAPHIC H P 2| 3 cle= GRAPHIC
TS |EE|E B =l LITHOLOGY < e LITHOLOGIC DESCRIFTION = EEEHELE ElE ITROLOGY LITHOLOGIC DESCRIPTION
tr o 2l w 4R = = Ol w
£71E7)3| 5|2 g2 F 5 g3 (275 5(2 | (%2 ¢
R £ EH N A HHHE g
s |B|3[2]3 FEEE BHEHEE 3
T m — e
= - -
e | LIMESTONE, handed gresnish gray (SGY 811 to dark === LIMEE':DNE ;;:fﬁn:;?Lwﬂz:e,hp.m';mnruv
———— changes. ad, al. 5 T reenish gray - ark greenish gray
P . sy ::::ﬁ* I:l:‘v:\llC:I:::\ upper 3::2-::“-» = = (5G 4/1) but with sevees! light greenish gray (5GY B/1)
} pE==—n | E:r:nll‘nlrr L um‘.fmr temingted and burrowed balaw ! - A A 1o yellowish gray (BY B/1) and mattled Ight bhuish gray
e e s il I M Mgny laminations are light colored, discontinutus loyers ¢¢= 158 71}, medism Hght gray [NB] snd yellowiah gray inter
e === A of very finegrained carbanate sarel or sl some with suble 10—=p Vals. Most abudant srearish gray limestone (Sactions 1-51
) S— — 1 load features and spparent rippled wirfeces. These alternate W alternately burrowed  @nd - indistinetly lamirated w
I——I f I with darker, finer grained limestone lsminsions. Many masked, Pyrite o common; in Se.e\mn 2. pyrite fills and
e turrows ars 2=5 mm long and subparaliel 1o bedding. Ona replaces small ammonite u_neu‘.‘ First large, well-preserved
f T : T : sanly layer (n Section 3, &9 cm, i micrtocross-laminated, :v:vmm ucrt_sr\:n ln‘:e:nun 8 BE:F Searrerad 'f"
— A sharp color change occurs |n Section 4, 75 cm, whirn rows aee Filled with carbonate a i to very fie
- L dark greanish gray marly limestone owlies lightes greenish ] carbonate sand/slt © Qlsseminated throughout thia lme.
——T——T way limestone. Limestone changss from distincily bemin: . sone. A wndy Interval oceurs in Section 3, 74-83 an,
2 o e ST ol sted ot top of Sectlon 4 1o indistinetly laminated jus —%ﬁ This limestone changes to Ight greenish gray 1 vellowish
— twlow, then darker snd more burrowsd towards colos | — 1 gray limestana in Section 5, 77 em, This lighter limestone
— e 0 3 is burrowed (chordrites at 77=B1 cm), and has o diffus
T T change in this Section at 76 em. Contact actualty cccurs _‘-':: .,.L_I:.“IZI: " ;
. —: T : T : tetween two discrete peecel and mw:::dtllliw artifact?: b = T —T pn:g.rg;n::. m;q:'r;mm; T:ﬂ:ma;m_\- 15@.1"5;‘
I——I white [imestona pisces on has of laye supgests it l_bLII'L — 10— % ion ¥, em) i masiive
i ——— It @ trise contact, Burrow filled with coarssly crystalline e an indistinet, tarowed texture, No sharp boundaries o0
e ealentitelstrontianite occurs ot top Section 5. Base Sections | — — light yellowish gray (apparent) burrows. Greenith gray
 —— 4,5, and 6 are burrowed throughout. e limestone graces to dark greenish gray marly limestone
—— = from Section 6, 90 em—Section 7, 19 cm, whers & moder-
1= : = :_‘ fucfid Thin Section — stely shasp teangition beck 1o lighter gresnish gray then
—— B, 3: Burrow-fill of celestim/itrontisnite — thin section _itx;‘:p"— medium Bluih gray limestone occury. Ammonite in Sec-
3 === shows large voidfillieg cryutals of celestite and 3| d=F E= won 7, 7 em.
o S — strontianite gnd minor fnegrained carbonaty, — .,"'_"_,_"'
=== -
= : fe==—== oo
. — T ORGANIC CARBON AND CARBONATE (%): T T T
§ e T e A - T @ 128 meluﬂ' limestane imudstone) — -uﬂ(lcumlm
-] T T " L T primatily of micrite, Laminations composed of coarser
= T Deganic carban - ;:F ::: . !
B e e & = Carbonate 58 a2 — : = ard finer micrite without amy cosrie detiis.
T i: == — SMEAR SLIDE SUMMARY {%):
e W, = i e
™ o = E s S B=== [V 5
=" a8 I s e Composition
=== < i Clay ]
T T T e e Carbonate unipec 85
 — — 1 Tt
== ey ORGANIC CARBON AND CARBONATE (%):
D - e 181 562 58 580 7,10
. — J=—=F= [ii Organic eabon  — - = 088
T T T :
-’:.:' e ——— Carbonate 89 B 92 @8 52
S = = .
. preemyer—y . n P
3 e —— 5 e — &
—— +
e ===l
e - ] oG
: - - —— T I |
J= ——r T "
: — — AP - e s ey
e eo— =X 1L
T T I !
e T - . ——
o e — ) & — |
-4 e = - —
P - Lk » T
==os e ==
— i —— .
- (==
i P -
- ‘F|_
7| e &
 —— 1




LOT

SITE 535 HOLE CORE 32 CORED INTERVAL  287.5-287.0m SITE 635 HOLE CORE 33 CORED INTERVA 287.0-306.5 m
g FOSSIL H FOSSIL
§ g CHARACTER < |2 CHARACTER
= z| » g |=ul2 ] zZ|w >
g, |Bu|2|2 § =3 GRAPHIC LITHOLOGIC DESCRIPTION HEH § 2| & Lﬁt’g’:o'gv ] LITHOLOGIC DESCRIPTION
i |E8|E| 8|2 E| E | umoloay o 12 |Ea)s H gl & 2 2
T R E I HREIE E 4 5 E’E;gs! 8= E g
= 2 E
il | : HH 3 i S;! =18 5|33z FEE
S HHE E B s |2)2)2]a oo -
' ey | e == |}
T I T ‘ I T
— ] LIMESTONE, light bluish gray (5G 7/1), yellowish gray T — ...I LIMESTONE, banded greenish gray (BGY 8/1), dark
B===——=— M (6Y B/1), greenah gray (5GY 6/1) 19 dark greanish gray Ee =T groeniish gray (SGY 4/1), and grayish olive grown (BGY 3/2)
=2 il + (5G 4/1), aternataly burrowed, massive, and indistinctly pi====== 1o fight geay and medium gray (N7—N6), Section 1 and top
oG 1 m ——— lamnanated a5 macked. Core consiim of teveral sequences P 1 t - : e : : of Section 2 and Sections 5—7 plus base of Secticn 4 arn
—— of turrowed yallowish gray and mottled bluish gray lime: - —— indistinctly- to wail-laminated and darket colored. Section
1 | |4 Wone possing downwards info Burrowed and Indisminctly Pl e 2 below 65 c andl the upper half of Section 3 are massive,
1 T — Iaminated greenish gray limestone 1o Leminated and sparely T burrowed gray Hmestone, Indistinct laminations and thickes
——T — | Burrowed dark greunish gray imestone. The approximats ey color banding are superimposed in dark limestones. Thess
T : LT sequence boundaries are in Section 1, 87 em, Section 2, loc — e pass gradationally 1o Burrowed greenish then gray lime
T i 61 cm, and Soction 3, 20 em. The base of the first sequence, R stones in top Section 2. In tum, the gray limestone ainar-
e Section 1, 87 em, i tharp, the underlying ssquance basai T [ nates with darker limesions and decresses (n sbundance
p=————c ] contacts ar grodational. Large burrows filed with light e T i the lewsr half of Section &, Some light grary, irraguiar
——— ‘L limestone are common i the besal dark limestone of all —— ﬁlJ and discontinuous limestane bands oecur in darker lime-
— e — \ secuences. One, Section 1, B7 cm, s backfilled and hor) 2 B i s e stone in lower hall of Section 5 and in Section 8. Pyrite Is
2 — zontal {zoophycus), Mettied bluish gray limestone n s '} seatterad. throughout the core particulsrly In Section B,
L wquences i adentical 19 that i|_| Core 31, Light colored Vi Thinnest laminations yield frequency of 41 mm.
E - T laminations in lmestare in Seetion 3, 100110 cm, con ] Ht
3 |5 L et of wmall (1 mm) aligned lentes or nodules urrounded - — Voin Fhins Eaction:
< |= — 1 by anastamaning clay seams. Two thin layers of line-grained = 1, 1: Laminamsd (mestone (nwiditione) — leminations are
E —— i+ carbonste sand o sift occur in Section 3, The thicker T —T— 1} + " delined by paraliel hands of micrite which differ sightly
k e layer ar 75-78 cm contains @ lge back-filled burrow. ey in color and sre separated by horizons of pyritic patches
:§ T : T ; — Contacts with the surrounding limestone are genarally T : 1A {40120 gem thick) contalning some recrystallized car-
5 e T $harp. e S bonate dobris, filaments and planktonic foraminifera.
=, o e B ——x | Pyritic horizons are always. isregulsr, Thickaess of mi-
== i Safsinn} 3 ————— ite b from 200 m—2 mm.
RM) 3 = . 7] " 3, 78: Limestone (wackestone] = laminated, with [smina- e e — . ¥ it ol
=y tionn defined by concentrations of silt and ssnd size —— GANIC CARBON AND CARBONATE {%);
™ :$ M arbonsle grains, some of which s peloids and plank- — DR T i
£ e — tonic foraminifera, Matrix slia sppears peloidal e Onganic cwbon i3 i
pi== —— Carbonate w7
4 ——— SMEAR SLIDE SUMMARY (%): e i
k T, % .5 A T g
Ex lcc 1 | o < el [
Compasition: 1 e —1
Clay 10 < 1 :— : :
Carbonate unspes. w0 4 . —F 1
ORGANIC CARBON AND CARBONATE (%) Iz :_4 ; r—
1,67 38 387 J‘_.‘—.t..b
Organic carban - [ T ‘_‘—. —
Carbanate 25 (=] o ==
+
5
&
Z|Fe
g
a
=
2 1
AP
CC|

0vS ANV 6€S ‘SES SHLIS



801

SITE :S HDFL;SlL CORE 34 CORED INTERVAL  306.5-316.0m SITE iﬁ HOLE CORE _ 35 CORED INTERVAL 316.0-3255m
S 2 FOSSIL
§ E ?CI:AI!;CTE_R sl § ; CHARACTER
s [2%]|5] 3 S| GRAPHIC EMEIE RS Z|l 2
gI{; E§ $ g z § 5 £ | wmHowoay 3 o2 HATHCLLOMI: DESCRIFTION e EE g é sl E LonaeIc. LITHOLOGIC DESCRIPTION
s |z i ; ERE %= g ] :§ g3 £ 3 3le gl & g i
SHHE E H E 5 §g =18 |3 3|5 B
3 Ed ERHEIEE B
T T -
S LIMESTONE, greenish gray (5GY 8/1) w light ollve gray _J,z:,.‘p::‘;::
os P (5Y 8/1), taminatsd snd fgintly color.banded thioughout, e + LIMESTONE, bandsd greenish gray [SGY &) and light
A — i Laminations are inclined slightly throughout core. Cross 0. 7 olive gray (BY Bf1) with several intervals of light and
1 = : P aminations are common below Soction 2, 75 cm, Packages B ——— medium gray to very light gray (NG, N7, and NB), Core is
e of laminations dip more seeply than isminations above 1 = alternataly laminatod and burrowed a6 marked; several
1.0ttt Section 2, 75 em, Adjacent layers pinch end wwalt In these = —I = intervals of cross leminated, inclined, and discordant
T s kg i Ak A Tranemed, Wb taminations oecur in Sections 1 and 2, Thickest, continuous
: T T S - intervals of massive light gray limestone is in Section 4,
= Thin Sectian: _'_|_'_x_|'a_|_ 1B8=70 and 86—120 em. Two very dark greenish gray inter-
= et 2, 118: Laminatnd limestone {mudstane] — rock consists —— wals of marly limestone occur in Section 6, 1218 and 42—
= —— of elayey micrite with some calcite replaced radiclaria, ——— 54 em. In Section B, 54—85 em, fisttened limestone frag:
I e S e — filaments, planktonic, forsminifers and minar delo- S S—— ments o lenss of vetiow colon ocour in the graenish gray
= mite, Pyrite concentrations define lamingtions, Thinnest e S S— 1 host limestone; some may be burrow fills.
5 e + laminations ars ~0,20 mm, e - "
e AT 2 e Thin Section:
z T L SMEAR SLIDE SUMMARY [%): e A B, 18; Marly limestons (mudstone) — laminated |imestone
T lne = ,:x 1,63 31 33 R ——— with sburdant day. Background laminations sr olive
g T WM M == aray micsita layers (~0,20 mom thick) snparated by ik,
£ e — i :u-rid:llnhm--lo—sn ;unlhid::bw:h‘::ﬂlmluln
. = T L - Sil a0 50 - e e lsces, Common caleits “Hilamants™ parallel o
bl L 3 1 - e '__ Cisy &0 & e T stratification, These may be true filaments or caleite-
Compodition: o camant filling voids that have been flattened during com.
Cuiartz Tr ™ = ———— paction,
Ciay 60 E - e B, 142: Laminsted limestone (mudstone) — laminations
Pyiite 16 7 a = e e eonsist of oriented blebs (compacted peloids?) of darkar
Carbonate unspec. 26 &7 0 3 = —— . materlal [light I transmitted light), orpanic debris,
Calc, nannofossits  Tr = 3 et . s— ewbonate rhombs, snd o few scattered planktonic
Dolomits Tr 1 oy = foraminitera. Blebs are about 0.5—1 mm long.
Organic matter - - Tr £ e T e
=2 el SMEAR SLIDE SUMMARY (%):
ORGANIC CARBON AND CARBONATE (%): =  —— - L6147
: === W
Orgamic earbon - ; e ep—— — Compositian:
Carbonate o0 — ; % Carbonats unspec. 80 -]
—— Cale, nannofossils 10 -
4 —— - Dalomite 5 1
—— ORGANIC CARBON AND CARBONATE (%):
B — . 1,41 518 5106
=| (el Organic carbon - 538 -
: }“_“‘ Carbonats B0 5 49
AGH
i ki
5 T
ey
= +
=X
—
. S —
6 T
s =0
— "
B 7 e
P = — s Y
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SITE 535 HOLE CORE 36  CORED INTERVAL  325.5-335.0m SITE_ B35 HOLE CORE 37 CORED INTERVAL  335.0-344.5m
g FOSSIL FOSSIL
« |E |_cnanacten | CHARACTER
8 Eu ?_?T_ El2 HAELE R E RADH v
IR EE E| £ | uiotogy HTHOL oA DESORIETION HEIE Bl E | ainehe: | ¥s LITHOLOGIC DESCRIPTION
IR HEES glE gad - HHEHAREE 2id o
= 5 HELE H " = i g g 8 Ll :g )
= e = S &
ESHEIHE EaBf 3 HHEEH HEE
== 2
e LIMESTONE, tanded light gray [NT), olive gray (6Y 4/1), CRicM LIMESTONE, light biuish gray (5G 7/t] 1o gresnish gray
o5 i : T ; Haht ollve gray (5Y 5/2), light bluish gray (SG 7/1), med. 0.5+ — — {5G B/1) with sevarsl dark greenish gray (BGY &/1); color
= * urm gray (N6 and groenish gray (5GY 8/1]. Fint 2 sections % banding i wibtle and gradationsl, Limestone i alter
ol 1 S——— e banded and distinctly laminated except for several small 1 — — nately indistinetly laminated and massive 23 marked,
] s S i massive inturvals, Last 4 sections are lighter in color and in I= 1 I : Patches of celestite/strontlanite oeeur In Section 1. Some
L e e distinetly laminated. Lamination dip stout 207 in Section 10 == intarvals of the limeitone in each section contain fine
 ——— 1, BO-100 o, bui shaliow snd berd &1 <104 &m to ——r—T carbonate sand and it miced by burrowing snd filling
= e s 5107 : tuncation of layers indeterminate. Massive inter —_—— burrows, Discrate, bminated biyers of lme carbonate sand
: T : I : y vt hawe common small pyrits spott and cavities (1 mm), e il are seattored throughout the care; thicker layers ccour
—— T abio have faint planar tabric. Lamingted intervais have ——T— i Sectiom 3—5. Thew comist of coarser carbanate debris
o —— abnarciant small (< 1 men) olongate pots paraliel to bedding, p—" : imostly poloids foraminifers and shell debris, pyrite, and
——= Carbonate sifs amd sanet il sevetal burrows in Section 4 5 S = micrite (see thin section nates). A thin vertical stylokite
 —— Sparse crushed shell fragmont in Section § moy be am. | — ‘occurs in Section 2, B4-B7 em
Sty S fmoniles, B
| ey & ==== Thin Section:
e ORGANIC CARBON AND CARBONATE {%): i e s e 6, §7: Limsstone [pelnidal wacksitone with peliodalfbic-
—_—— 1.52 2,63 5,125 : : cimtic packetons lwyers) — wackestone consist of
S Organic caenan 064 - — 10-50% peboith, 2-10% rocrystallised bioclsstic graim
—— Carbonate B8 L a8 LT (filoments and repleced radiokaria?), 20-55% micrite
[ T {# clay), Packstone laminations contain ~35% pelaid,
e —— : 15% micrite, 10-16% recrystallized foramenifers, 65—
i —_——— 1% unditferentioted shell debris, and 10% cement,
— e — T T — Pelgidy are somewhat Indigtingt, oceurring as lighter
i e s s .:.I’x @iy, tounded blotchy particles of wery fine sand 10
3 ——— 3 il I coarse sl sioe.
15 e —
=4 B — — ORGANIC CARBON AND CARBONATE [%):
a2 X I T
<  — - - 6 597
———— e Organic carbon~~ — —
I e 5 e Carbonate 0 o
=== 3 e
— < 5 I
T  —— T
—— T T
T —  —— —
= — [ e —
o Tt  — —
E=====c= ARE-====
L T =
— 8 S— o — —
et & T I  — —
T T ——
 — L — i - - T T  us
I - T — I i
— ¥ T B ——"
 —— L - - - x = —
-] T S
8 = ====
g% 5| e i ===——"
: e i e
§§ =] —_— e
& ————— + T
——T ——
-  —— "
6 o —— ==
3 E===—= ===
e — r —
s it
= & ITr—_
i gE===
g y——y—i—p
< e
7 =7

0rS ANV 6€S *SES SHLIS



011

0vS ANV 6ES ‘SES SALIS

535 HOLE CORE 33  COREDINTERVAL 3445-3540m SITE 535 HOLE CORE 33 CORED INTERVAL  354.0-3635m
g FOSSIL g FOSSIL
- E CHARACTER § CHARACTER
g |=z.[2]5Ts z| @ - é M EAE z| @
B (D% S| = GRAPHI =5 H of = H
A HE % Ele otoay |38 ] LITHOLOGIC DESCRIPTION I EE g Sl | ceRarHe, HH LITHOLOGIC DESCRIFTION
w3 |gNIZIE| < w = @ |FE Sl=~|z 2l i w |22
£7|E 15|82 B = EEEE Y |G 718758 H 2z = g as
SR ERHEE FEHE R HEEHE = rH
ENHEIHE E3 E FERHEIEE FEHIE
= e a===——— "
T ——
== LIMESTONE, light alive gray [SYR 6/1), greenish gray = - + LIMESTONE, banded grsonish gray (5GY 671, 5G 8/1)
e =———— i {BGY /1) 1o dark greenish gray (BGY 4/1], banded andd P 05 b and dath greenish gy (5G 4/1) 1o lght qray IN7) snd
e —— ., sltermstaly burrowad, and indistioctly lominated a marked, e e madium light gray (NE). Sectios 1 eontaime altermating
1 | m—— Thicker burtowed intorvas prevall in lowar part af care, 1 ———— ' : indistinctly laminated and mossive intorvali. Below this
. : + ;' : 1 + Carbonate #ilt and very Ying sand form yame Laminations; @ e e the limesione i lmminated with only scattened burtows,
e this emarerial slga il bureows and |s gporadicalty. miced b ] 1 ———— by Thin layirs of carbonate silt and fine sand ocour ioradi
=== - with finex grained limestone throwghout the cone. Saveral P o g— & cally. The layer betwoen Section 1, 40-80 em, has &
ey thin, laminated cendfuilt lswen m Section 2. Burrows E : T :—,—: microcrossdammated top. Othere are mussive o linely
T T —T mainl._- planolites type with sevcial possibhe soaphyeus 5 s s Hé! * lamingted @ marked, Pyrite occur vesr the base of the
e T or twighichmial, lage vertical burrow [zootyess or Z i K layée a1 about Section 2, 102 cm. Fine caibonate sand
v T i hchigbiul)In‘Shcthon 4, THos Tk an (niggalae-tiote:af % —_— and il comptiss many of the fine fight laminatinns through
= dark greenish gray celesti e/strontion e, -g r— + out the core, Fraquency of leminitoos s on (he oider of
p: * ¥ B " 12-13 pe om, Fracture in Section 5, 100105 em, |
2 _ﬁﬁ SMEAR SLIDE SUMMARY (%) el L 2 T T H 2 em wide and fived with derk green celestita/sentania
! m— b 1,70 T andd Hilled almost complataly with 1-2 em calcite erystals
e —— M POy - A 3 mm thick laym of cehostitelstrontiante(?] occurt o
e Tt ol Campasition:  —— Section G, 81 om
pe———— [ Cartonate unupes. 100 — — %
T : T E T ' Thiri S
x ORGANIC CARBON AND CARBONATE (%) r—p— | h i
I — 4,86 1,61 e ——, 1, 46 Limestone (wackestone] — homeganeous wacks
——— Orguric: carbin - 050 e 1 Stone with  ~ 25% carbonste vt and fine sand :_a
L Carbonats a2 5 T T micritle mattn. Matex appoars nnuul_u. but I indis
' ST . tinct. Grasns include planktonic toramiaitr, "~ fiamant”
3 = 1y & e = k + malluses and nspecified debels, largest grans about
e | £ 3 _—— 176 em
Py l‘i 4 e i 3, B0 Laminated limestone [muditane with wackestans
——— — (7] - RP T - layersh — allernatiog layers of micrite sl fine g
N oG ) S — K * carbonste sand and dit. Layers are a3 1hin ba 40 pr ol
] ——— me compoted of peloits aret shalinw wates carbanate
i3 = e Ly dobris including some millotid facsminiters Mateix
- P = " contains fine, silt-size rhombs of cabonate (dolamite?),
A e i + seattared i , danet
 —— 1 detiin.
] ' f====:
2 4 QQ 4 e
< =
i RP
W i
o
55 TR
-
5| e 1 =|re 5 '
=1 =
s S5 = 2
e——— %
T b s
o Pty
5] - ——
-
2 R = T +
§ o o = -
: | B ==
I, i
Tt 1
o i
o B e
7 e !
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SITE 635  HOLE CORE 40 CORED INTERVAL 3635-373.0m SITE 535 HOLE CORE 41 CORED INTERVAL  373.0-3825m
2 FOSSIL ; FOSSIL
» g CHARACTER « |& CHARACTER
§- Eu213|% gl g GRAPHIC = §n— R HELE g| 2 GRAPHIC =
& Q H 2
15 |EE| & g 2 =4 - LITHOLOGY K " LITHOLOGIC DESCRIFTION TS |EE|E z = -] LITHOLOGY 35 s LITHOLOGIC DESCRIPTION
w3 2N 2 2w E3E e [EE wS |gR| 2 < *—'g 2 315 5 » (EE
g7 |E HHBEE S e eIEVIEIEI5 |2 |2 ESISE & |EE
:'gi I B2 gg; g |5 |z HE E 2 g’-(
EHEHE 3 2 |Bl13{3]3 FEHE
—— g I T T
(== ~ - 3
—— LIMESTONE, greentsh gray (5GY 611} 1o durk gresnssh e LIMESTONE. medium gray 1o lignt gray (NS—NT}, genaral
-+ 05 11— +14+ gray (SGY 4010 with lght olive gray (SY 6/1) laming o —— - iy divisable into three sltenating types: 1) lght gray
g T——T— tioms. Alternatsly laminated, inditinetly laminated, and e limestone {hat & indittinctly leminsted 1o massive
3 1 —— burrowed intervals & imarked, Many of the light cotored 1 e contgim scattered and fatened cabonate pellets(?):
5L e Taminae sre ieregular and discontinuaus silty layers. Thicker e —— ¥ 2] metium gray. rmestane that b well-lamenated containing
» 1.0 it layor of carbonste silt occors # tep of Section 2. Oces- 1 T T T yallowish gray, discontinuoui sitty layers? and 3} lignt
T T T way.
= — sional sand ged S0-1illed butrows sccur in [sminated inee S E— gray limestone that is massive and mottled by oxidued
b-] T—— + wals, Ty zones sunounding pyritelned butrews. Most cantacts
e é e — —— b4 batwann these limestone types are gredational, Overall,
: ORGANIC CAREON AND CARBONATE (%i: ——— ihe core i massive snd burrowed in Sections 1.3, then
i . = T % L0 e laminated and indistinctly lsminated belaw,
5 2 o Organic carbon - T : T : T : the frequency and thickness of alternations decressing
= e . LCarbanate 52 T " + dewwncare. Laminations dip steeply (up to 34* to care
= et 2 = axiah in Section 4, 112130 cm, and Section 6, 30-40 em
Small cabecite veins in Section &
+ Thin Section:
B, 20 Laminated limestone Umudstone) — laminations
"W given by siternaticns of light (400450 um) and dark
1 (120200 pn) migritic layers with pyrite congentrations.
\ + Patches of light and fine micrile sha occur i darker
l A lumenge
- - SMEAR SLIDE SUMMARY {%}:
3 —— L ) 6,10
T S S — * " D
— —— Textura:
S o — Sine 40 50
e Clay 60 B0
T —— Composition:
—=— Cay &0 20
) S——— Pyrite ] -
—— Carbonat untpec. - ]
< = ——= Cale, nannotessils 32 -
-] — — e Fish remaing Tr
< 4 T T T Siclorstu ) 1
————— Dalomi - Tr
T
s ORGANIC CARBON AND CARBONATE (%i:
—_— 5118 5,141
e Organiic carbon 40 -
—— : Carbonate % 66
Pty
——
—
———
5 ! — —
T T ~ I
I ——
—
I — —
E g —_————
EE —_——
T
_ig ===
ety
5 — —m i
-§§ ¢ ===
% T T T
—
ié
7 —_———
FRiCM cC] Ty
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SITE 535 HOLE CORE 42 CORED INTERVAL  3825-3020m SITE B35 HOLE CORE___ 43 CORED INTEAvAL  382.0-401.0m
2 FOSSIL = FOSSIL
@ i CHARACTER - 5 CHARACTER
R EMRER Zl 2 £ |z wle z|lm
-3 = = wl@] 3 El g
TElEs|E HE 2| & (anamic LITHOLOGIC DESCRIPTION I H B LiTioLOGY < o LITHOLOGIC DESCRIPTION
o -] " tl
TN HE I REIR: M HEHEHAREE et g [E2
E A EIE - b £ |E g B = 55 T
AHEHHE R HEHEE S
= &)= a = “)l=zle =]
e T e *
7] 1—,—r : r LIMESTONE, bunded medwm gray (NG) and ofive gray e f LIMESTONE, medium geay (NS 10 light geay INT), mis
05T L I8Y a1} to light gray (NT), sitemately laminated, mdis- F o e — === anve and inebistinctly laminated in top of Section 1, well
N e o ~ tincty laminated, and burrowed |niervals all with grads = T I T | Jeminated beiow. Change to dark gray (N3, Leminated
1 it tiomal contacts. Burrowed and massive limestones occur o 1 et MARLY LIMESTONE in Section 3 14-21 cm, then a
o — — in Sectiont 2-3, 112150 god 033 cm, and in Seetion 4, T I— 1T 1Y - small piece af very lght gray (NB) to white (N8} limestone
ey 4558 em; the second interval in Sestion 4w very light § x 1.0 e from 25-28 om, While limestone contain wveral dimtinct
mrma——— ray and contaim same ammonite {ragmonts. Tha snallow g 93 == burrows filled with darker limestane chondrites?), Piecs
i e e intorval i lightly darker gray and indistinctly mottied g'a e of indistinctly leminated medium gray limestone is below
- —— (exidation wound butrowa?). Some of the well laminated £ |8 I : T : T + white limestons in Section 3. Core-Catcher contans woveral
T Intervale have abundant yellowith gray particles scatleved $ g e peecas of whitn Iimestone with seatered forsminiters and
—— slony bedding plames, Care iy wery dark in st wetian e |8 T T T A smmonite tallf?) shove ® piece of olive Dlsck mady
T 2 |& T A imestane “black shale"), Cantact between lght and
ey Thin Sections 3 x_ —— : Fay § dark lithologies in Section 3 ardl Core-Catchen unknown
7 —— 2. 38: Limestore e +2 3 =i A because ot Iracwiing during deilling.
e ing ~44% micrite, 35% calearsous nannofossily (nanno: =2 ———
e conids), 10% bivalve fragments, 5% fominiters, 5% 3 E == ' ORGANIC CARBON AND CARBONATE (%)
—— clay, and 1% achinodurms, £2 e 37 3w
e 7 e 4, 511 Limestone (mudstone) — calcitefilied fracture in }'g i — + Chiganic: earbon a:n A
S S — — muditons contasining seattered radintaria, forsminifen, A T ; T : T Carbanam
=== pyrite ramsoids, cainianeiliss[?) =l nanmocanids £l o .
o e e e 8 3 ——— i +
-v' = -: — ORGANIC CARBON AND CARBONATE (%): g_ . : T : T : l P *
= 4,63 4,148 52 1 am CC|
3 == Organie carbon 735
] T Catinais WL W SITE 535 HOLE CORE 44 CORED INTERVAL  401.0-410.0m
2 ey 7] FOSSIL
< B e « |E CHARACTER
e & |leulelale z| w
——— xn |54 #l= Sl & GRAPHIC
T — e 12 .(.E E gz £ § LITHOLDGY LITHOLOGIC DESCRIPTION
= - £ 2
* s £ET522]3 P
F 4 — ole |8 FF
T T = 5
I - i § o 'ﬁi =
i o — I X I
4 Iy e=====
P == o LIMESTONE. white (ND), biuish white (58 8/1) and light
% b5 ooty groanish gray [5GY 811} to greenith geay (5GY 8/11, and
2 s MARLY LIMESTONE, olive black (5Y 2/1). Core broken
- e ] AG 1 L Tt im0 feagmants by drilling with only & lnw |ithologic can
g —— ——T tacts imaet A general gradational sequonce from light 1o
= e - Es [ s dark limestone occurs weveral times in the cors. Specifi
o - o .
E e ol % |3 -@ e White, burrowed, massive limestone
—— < 3 3 e e i o~ With smmaniie
e £ e Medium gray -alive gray tisrom 10
5 T T & . 2 [~ wnduninetly  laminated  limestone,
e S 1= =
T G 2 [ 2 Dusk olive gray 1o olave black lime
§ S P stone of marly meilone, leminated
ﬁi e & p===—= - Grades back 1o whits limestone
s Sacs =t Darkest Intarvals occut n Section 1, 11 35, B4, wiwd 118 om,

and in Seetion 2, a1 40, 60, and 75 em. Soma varabibity
N successive saquances, Darkest layes i in Section 1, at
1MBon, a v laresione, Some ammonites heve geopatal
infills ol limestone with calcite span abown {eg Section 3,
63-72cml.

Thin Section:

1, 2: Limestone (mudstone] - containg calcarecas ranne-
planktan (manmoconids) (BO%I, micrite (35%], foramin
tora [10%), and clay (5%) Soms bioturbation noted.

2, 18: Limestone [nmsdstone}
stane
(B0%), micrite [31%1, clay (5%, foraminiters (2%,
and Hilsmenes (2%). Filoments paallel 1o stratification,

nannofossil, micritic lime-

SMEAR SLIDE SUMMARY [%]:
L2

L
Toxwre:
Clay 00
Composition:
Clay 50
Carbonate urapee, 20
Dolomiw(?} 30
AND TE (%)
L
Oxeganic cartion 18

Carbanate aa
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SITE 535 HOLE CORE 45  CORED INTERVAL  410.0-419.0m SITE 535 HOLE CORE 47 CORED INTERVAL  428.0-437.0m
= FOSSIL g FOSSIL
- ; CHARACTER m § CHARACTER
- EMAE z|l 2 - 8 |zul=]3 z| e
SHHHHARHH B miovoaic oescarion S HHHRARH R imwoLosic scRrTION
S HEIEH B i 8 g71E"(3[5(218| |®| 2
(& g 5 ] = |E § g
|8 |23 s E =13 z Fo|E z g z
CRHEIEE E3 ERHEIHEH
cc A el "
5 LIMESTONE, olive gray (BY 611 to vary light gray (N8} < ————- Aternating 1) vary light gray 1o Ight gray (NB-NT)
2 and light gray INT), Top 5 em is & coherent peece of light E 05- e bearing, massive L 2 laminamned
alive gray limeitone with indiatinct faminations and chon. g i = 1o indistinetly laminated fight yn. INTI 12 light olive gray
drit. Memaindar of care i crilling breceia ol light geay 2 1 e I5Y 5/2] LIMESTONE; and 3| ofive black (5Y 2/1), lam-
e e lvats | |3 , o e s Eep s
FTen|, oM Cl rites e, " = L S
r'rﬁmlr o molds and easts with cnmm::qmml fabrie, H £ | e — — limestone contaim Imegular, medium gray pyritic patches.
Lz e Ammonites i tha limestone s flled with lime mud
Thin Seetion: 3 2 — nd spar, some are pyritized, others sit with long axes
CC: Limastona (mudstenel — mostly seatiered plankionic g % =5 paralinl to core axis. Aptychi cocur with some ammonites
foteminifers and planktonic malkie shell fragments in 2 |3 2 1 - and singly in darker (aminated [imestone. Cove s bwokan
& miicritic matri, i FP e PR— imo discrate pieces by drilling; mout contact betwwen
i k| | P i
SMEAR SLIDE SUMMARY (%):
1,88
M
Texture:
E. Clay 100
H Compasition:
Clay B0
Carbonate unipec. 38
Cale. nanpotossils z
535 HOLE CORE 48 CORED INTERVAL  412.0-4280m ORGANIC CARBON ”“Dﬁc"‘?og':"“ L
I i ;
= wm#m Organic cacbon 36
3 MEIE z| 2 Carbonate 84 40
o
EE £ g 3 c|E PRt |, 22 L LITHOLOGIC DESCRIPTION
25|53 2|2 =4 g EE
SEHHE = H
E ]
SHEEE Ee i
e %
=N LIMESTONE, light gray (N7] to fight olive gray (5 5/2)
0. e ¥ and MAALY LIMESTONE, olive black (5Y 21), Cora
= e | broken into fragments by driiling with only several contacts
= 1 7 : — |ntact, Saction 1 it predominantly Burrowed ta indintinctly
= — laminated light olive gray limestone in the upger part and
5 |ae|ee — leminated darker ofive gray limestone with  common
= * Dodding paraliel srybolites: altarnations. in this part are be
g %r-— AP e tween lighter limestone and dark organic-rich, marly lime-
= = T I laystane Seviral  peecm
E i“ Ty ot massve, very light grary limerions with smmonites oocur
£ in Sectipn |, between BA-108 em. Section ? consists af
-} i +| 4 wveral white ammon:tn limestong to light olive gray limg-
:‘; §< [ ] stone to olive black marly limestona squences s shown
.! §_ 2 » schemutically for Core 44, Marly Himestone liyers are
RS marked on graphic lithology column. Styiolitic surfaces
g £ ocow at 47, B5, 88, and 129 oo Scattered planciites and
L4 i Soane havn geapatal
+ fabrie. One dark micsitic limestone hat 8 lght |imestone
B e
T 3
Thisi Section
1, 1100 Lamirated Timestons [masdurone] principally
o micritic lamingted limestone with organic- and clay-
et eminations  and  scattered wkeleral  fragment
Tralk Pl lovin?), Several daek
are wavy with Incigient prewsure sobution features,
ORGANIC CARBON AND CARBONATE [%);
a1 a7
Organic carbon 08 -
Carbonate a3 54
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SITE 535 HOLE CORE 48 CORED NTERVAL 437.0-448.0 m SITE 535 HOLE CORE 49  CORED INTERVAL  446.0-4550m
2 FOSSIL 2 FOSSIL
" 5 CHARACTER = E CHARACTER
& |z, [2]= g Zl g > g |leulels ; zl e .
- EE18] 5 gl s GRAPHIC = e 228 =4 - GRAPHIC
1% :é £ E 2 5| E | utholcey A E e LITHOLOGIC DESCRIPTION iz EE : g z = E LITHOLOGY " . e LITHOLOGIC DESCRIPTION
£ E z 8 3 % “l= EEsy 2|3 £T|E |3 g2 g ] B z |52
- |8 2lz|5 & EElE ; 3 |3 H zl5|% = ; )
R HEEH EZ H M HHEE E2RE 3|38
T T T T
=====] , ====cHu
—— i Alternations of light gray [N7) LIMESTONE, light gray =1 {1} Alterriating white 10 lighi gray (N} massive LIMESTONE,
0.5 : . : - i to light olive gray IS5 5721 LIMESTONE, snd alive gray R e laminated o mduntincty lsminated, light olive gray (5Y
| (5 41} 1o ulive black (Y 2/1) MARLY LIMESTONE, Ty l + 5/2) LIMESTONE, and alive gray (5Y 4/1] ta olive black
' ===k and CALCAREQUS. CLAYSTONE in sequemces similar ! g =————— N I IBY 201 taminsted MARLY LIMESTONE mn soquences
= | ity U e hadia e Core $4, Coreis priscioally il Ty Y vimilae 1o those iHuvtrated for Core 44. Diffars in that
1 i e e I l& to inditingtly leminated light olve gy limestons with 10 ==y white masiive limestone 4 minor lonly & few smmonite
e | i / enly-severat Inlervaly of missive white vo light goay Iime- _:_‘ ;_ — l " fragmentsh, Very samilar 1o Core 48 Mariy limestane inter
= = it SO U At vty T ong: IS oL T wals wee marked but these have dark limestones above and
I E sore: Fnoaintly, (. ki Ay stk . iord Tt blows arut sy be somewhat wider than shown, Core s
e R Wy deilling, rsedition from: dark. 10 Nghje:. immione T r ¥ troken im0 Iragments by drilling but many contacrs are
1 arn gonerally sharp, Transinions fram laminatien 1o o - * antact gnd s gradationg
P T  m——r ] T distinetly laminated and mussive intervals aie gradational i e e S AN
7 al| 2 Chandrites hareawa and pyrite occor sparadically. Stylo — I * ORGANIC CARBON AND CARBONATE [%)
lites common where then clay-rich lsminationms altornale e 2 e — f :
2 ] with limestone E —:— :' ==Kl R 250
— 8 =====NI Carbariate 50
e I Thin Section: = e |
= ' B, 50; Limmtons {mudstorel - principally micrite (BE%] ] = . +
Yy 5 with scattored vecrystallized skybetal Tragmunts 0.1~ £ T
& T - |t 0.3 men]. andt small 0,01 mm) pyrite graes. Bo lamins- 2 ——— |
£ e Pt 1 pedoidal teture. Ona Tragmont may & 1 |
g —_— H be & calpionatid, Mannaconids common 3 = P +
r] = z ====—My
£ =) SMEAR SLIDE SUMMARY (%1; g o~ | i
Z 3 | B 566 584 566 £ 3 =
I T o o L] v} e E » ¥
& 4 [ P = +
> Composition -
g Clny 5 s 40 e |
2 E Byrime 1 T T — ! %
z i i Carbionete untpec. 60 95 o 50 =l
& Calc nannotessits 40 Tr 31 10 2 e e O
8 + Dolomite - T 2 Tr =z T = | 1"
= 3
ORGANIC CARBON AND CARBONATE (%} 2 :
+ 5,66 % 8 = o
4 Ovganiz carbon - h 4 Ty
Carbanate T E === | p
= : AG e
f + i i =
2
L
% ; ;
.
% o
CC|
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SITE 535 HOLE CORE 50 CORED INTERVAL  455.0-4640m SITE 535 HOLE cORE 51 COREDINTERVAL 4640-4730m

SIl

o FOSSIL o OSSIL
@ g CHARACTER o = CHARACTER
<
8 |zule]z2]s 2 = - IMAEE Z|l g
= ol = a = = %
A EHEIF IR gl & GRAPHIC = H LITHOLOGIC DESCRIFTION A E I = GRAPHIC = LITHOLOGIE DESCRIPTION
1Z|Z8|z|5|¢8 Bl & LITHOLOGY la g 1Z2128[s[8)¢ ¥ UTHOLOGY [ 3fE e | luw
ER N I 4l s £ 8|5k g7 | HE a8 EazEl B (e
E |5 |z|518]8 <] ggq g |G 23 b5 !ﬁ
=} < E 2 -] < =
ERHEIHE E: E BRI FHEEES
= t + ‘ —
T T T T T T
I : — | Altroating miisier white (NS} 1o very light gray [N8] T : T ‘I‘ [ + Alternating white (NS} 1o very light gray (NS mavive
0.  —— | LIMESTONE. light geay IN7) 1o light olive gray [5Y 6/1) 05 LIMESTONE with medum gray (NG marries, laminared
T I X 1o greenish gray [SGY 6/1] Merrowed, indistinctly lami | L 1o indistingtly laminated light olve pray (Y 8/1] 1o
1 - " nated, and laminated LIMESTONE. wnd lsmnated olive 1 f alve gy (5¥ 410 LIMESTONE, and hrownith black
i pay 15Y 4/2) .ul—m\.mvt;;:ﬂ:nﬁw LIMESTONE | 11 (SR 2/1) 1o olive black lsminated MARLY LIMESTONE
- and CALCAREQ LA N eOUInCE very CALCAREQUS CLAYSTONE, as in Coves 48 and 50.
=5 | . wimilir 1o those o Cones 4848, White limastans & 8 minor | These alternating lithologies give way 10 @ fairly uniferm
- - — * component snd contains & few ammonites. The dak | - saquance af olive gray o Hight alws gray, well laminated
AP e . matly limestone oceurs (s marked) with gradatiodal to lsmustane which begime noar the base of Sestion 2 and
M | " shatp cantacts with urcounding gieonish gray limesione | LA continunt through the rest of the lower part of the core.
e e T Greenish limestons predlominates in care Core it broken f=— " |+ Calerte-replaced radiolarla ness top ol Section 1
§ l‘ T : T : I | nta dnlling fregments but many contacts are prersed |
§ —— | Dark mily limistons contsirs up to 20% dolamits thambs. i Thin Secthon:
g y 1, 80: Li {maidletane] turaless I
a 2 ol * ) 7 | . B0: Limestons (mudiane] — strocturaless limestane
n | 5 Thin Section composed mowtly of micrite (98%) with scattired,
] . | 3, 123: Lamsnated limestone (mudstone) - laminas formad € 1 caleitetidled cadinlara [~ M2 mmi, foraminiters and
? = o | try wispy, clayoy forganic mattert) lwpers, some al 3 AG aEIOCONAE
£ g= = ] i wihich aw stylolitic, bounding micrine laminse Micio- E | qk .
= S e o fotails and skelwtal 3ifL-shee carbonale icatteied through E - - CRGANIC CARBON AND CARBONATE {%):
S ! —— ! out matrin, Dodomite (5% oocurs & seattersd rhambs x L L3 L 3N
3 - —1 thoughout the thin section snd concentrated along = Ayt ey | e Organic carbon - 5.1 -
T | q ddark laminan, Avecage 12 laminanimem, ? === Carhanate L] 43 85
: e — i ====={
. = I SMEAR SLIDE SUMMARY (%} 2 == "
AG 3 P :‘ 19 s 3 R —
= + £ — T
Zla Campasition: 3 ==
Carbonate unspes, 35 "é e E—
- Calc. manmofossils o — +
3 Flant debwis and organic -
E matier 5 X 2
£ + Dadamite 20 —L
& f ORGANIC CARBON AND CARBONATE (%) _ a — +
B 213 295 3,7 4% z =
Organic carbon - [:X] - - -3 - 1'_
Carbonate 81 0 ar 48 % —
— '
£ =
&
= s — -
3 e
3 s e
— 4
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CORE 52 CORED INTERVAL 473.0-4775m SITE 535  HOLE

911

CORE 53 CORED INTERVAL  477.5-487.0m
g FOSSIL a@ FOSSIL
,‘ g CHARACTER - g CHARACTER
FREMAE zlg = g |z aTe z|lw
gu|E)| 2 ] wiB]2 2| 2
R i E|E Porintin im |, LITHOLOGIC DESCRIPTION EAEHHEE - o I3 LITHOLOGIC DESCRIPTION
w3 |35z §§ g ¥ A s [EE w3 [ER| 21 2] € - =3
= 1 a q 3 5= $TIE |38z 7
@A HHE L EH AL HHE i
= 2|2 5 2 2|5 2 H 2
JL‘: + ™ b
LIMESTONE. ofive geiy (Y 401} to light olive gray {5Y LIMESTONE, ofive gray (5Y 4/1) 1o fight alive gray (5Y
tH 611, taminated throughout with Swo thin layers of medim o5 o 6/1) lmminated troughout with ssttermd smmanites and
7 gl 4|t elark gray pyitie CLAYSTONE. Sparss burrawing. In mory ammonite apevehl Bnd pyrite. Angulas dhcordancy an
1 4 ploces tmingted sones are inclined relativo 10 laminations 1 laminated sequence {as marked) are similar to those b
-1 shove and below. Laminations in these packagun sppesr - + Previous core Minas Burrowing nedr base ol core Am-
10—=—x x in somo cases, compressed in other. 1.0 b monite a1 Section 3, 29 cm, has chambers parily filled with
§ atinn thicknms i3 ~0 1-0.3 mm; anrage fro- chart Small pyriteichart rodides at Section 3, 121 em,
g 4 fwency i ~10- 12 lavinations per cm. Ammonite sptyeus
- I—. iy #t Section 3, 32 em + ORGANIC CARBON AND CARBONATE (%11
* L 3,19
=5 =y , SMEAR SLIDE SUNMARY 1%): o e == Cirganiic carbon 22
— r . 2,22 === Carbonate L
c T T " BT +
S 2 : '_: L : Compositinn: 4 - : > : >
B e 4 Glay 50 et N
2 T——r——— A Pyrite 20 — —
T —— o — —— n
2z e — " ORGANIC CARRBON AND CAF -TE (%) — : = :
: === s j===== .
i = Organic carbon 3% - mToy §
E e al |- Cartanate s 58 e gl v
7  —— 4 .npn-n:r-qn-uqn-
= e t § -
> S — + 3 ——— +
z 3 e B ===
i == 5 i e
=== LR S ] (/|-
2 E =
= - 06 H iy
T "N g e
E = A + E Ay +
: _ ' g‘ o
T L. 7
-g 4 o T a T e
i = |y [+ 3 RE=====
T E ——
E: . — ' ] o
a = |l |. e +
- I I
7 —
T 7T
e -l
= e —
% 5 — +
z =
£ = ||
i T 1
3 5 e 1
e -
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SITE 635 HOLE CORE 54 CORED INTERVAL  487.0-4965m SITE B35  HOLE CORE 55  CORED INTERVAL  496.5-506.0 m
o FOSSIL g FOS51
3 il
§ E CHARACTER " g CHARACTER
Twl2|3)2 El g 8 |2.lels z| w
R E sl = GRAPHIC BulEl2 g| & =
HEE E 5 E| E | oolesy LITHOLOGIC DESCRIPTION sE HE E § Bl B e | 4= : L, LITHOLOGIC DESCRIPTION
g2 (ETIZ| 5[ |8 [B]® g’g"';g;;— 8| g Basd g |k
E |8 8 flalx SN HEHE E: i
EMHHEHE N HEHE T EHE
_J—;+;PE: =T 3 +
T T T + I = =T
: r:_,_ 1 LIMESTONE, light olive gray (Y 8/1) 1o otos gray (5 = ; -_:_ T LIMESTONE, handed fsght odive gray {5Y &/11 to obive
L "]:at:_-‘d-dw enamd oot Packugesof lami 05T ! way (5Y B2 and greenisn geay, laminated iy cughout
N ——r nated limattone mclined relative ta wrraunding lamina. B T i + wxcept for 4 thin nterval of light grennlen gray I5GY BN
Eemms= + ;T\m 45 noted, Ammonite sptychus s Section 2, 70 em 1 g 10 wery light gray (NMB) busrrowed armmonite beasing ime
10 —— l‘.III:rdI:M:I:mN mabd n Secrion 'Il.l 68 cm. Cam- s _._J. P — Mene belween Section 5, 125 e, ond Section 6 50 em.
e paction ol lemingtioe srmund o pyrisind bagment oecun ———— ! Laminated limestana shows distinet 1050 cm iight-dark
——— in Section 4, 44 om, Seattered burows cut laminations, e color tanding Several packages of [nchined laminastions
T L " e ——— t ” accur ay marked. Ammanite ard smmonite matyehi oceur
g : B Thin Section; . —_ sporadically. The comtacts with the burrowed light lime-
— = ?Bmut:::n:ﬁ:;nml:'[ml‘ ;r :.::«"'Lm: = — mane in Sections § and 6 arn gradationsl; both color and
= - = l " i Il —— - teietowng are transitional st these boundanes. A vertical
. '—: - : - R chayey -I:lv:'m o du:nm.muu- Il-nm !llﬂ I[:J"" =7 ? + 1tylolite occurs batwean 43 and 71 cm in Section 3.
i — composd of micrite Trace smount of fine (0,1— ———
2 ——— o 0,05 el microfowlikelotal dehris Rare dolomite @ i o e e Thin Section:
TE==x :—.— Lo rhoimbe e presany. — - 6 9 Limestone imudstone) — mecriie (mestone with
— i a, 811 Laminated  ivesione Grudons) = sempie-com S T sparse scattard micratosils. Micrite has slightly clatted
— e 1 L2 posed principally of micrite (BE%) wath minor tadatal —— — & + appesrance; only one spany, coaner sone, Microlossils
T carbongte (1%} and gynite (1%}, Micrite sppean mecro-  — —1 are mostly wmall {~0.2 mm) exteite-filled radialers with
r———— pelletal. Indistinge hight and dark  sltarnations glve T T “ several small planktonic foraminilers arad sparie eselal
== Ll ——T
| — Pt 16 larminat o, i e m—— 4 debric. Nannoconils present
k] ] 3 = === 6 27: Limestons [mudstons] - micritic limestonw o in
ap ———
_5 === ! : ORGANIC CARBON AND CARBONATE (%) = —— Section 8, 8 e, Crude concentrations ol micrafoails
3 — = . 1,23 343 651 ——= in parts ol mwmple give faint laminations. Clay varis
£ 3 -] == b Organic carban - 2 H < e G o impart layering 1o the sample, Alinoconids
- — Catonate n B5 62 Z L L n + Coemmon
= .= . T H ——
H e ———m i 3 S==—== i ORGANIC GARBON AND CARBONATE (%1:
5 —_—— i e — 481 588 5111 5120 5140
E + s T : T : T " Ouganic earbion. 48 - o =
E - o s X o m——— Carbonate 58 [ ™ B6 ]
: ===== H ==
= = I S L 5.3
3 === ' £ B + e
4 P ;: : -4 " Carbonats L]
e z ===
———— = T,
~ 8 + E o +
. | e
7 -1 g = T
= ———— d |+ po———— .
- : = ‘1 ]
= — =1
e w— ———
| = : s| e
= ——— A *]=
z T T I 4
= = e "
B e ——— ! A === =
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SITE 636  Hi 58 506.0-5155m
- m:& CORE CORED INTERVAL il SITE 535 HOLE CORE 57 CORED INTERVAL _ 5155-5250m
2 1L T
g FOSSIL
§ g cunuwn i ; CHARACTER
= 2 - ! z w
e |22|E5| 2| 2 c|l & GRAPHIC MEMRERE Zle
ElEE|E = = ] = G| =
5 =§ £ H el & | umoloey H N LITHOLOGIE BESCRIPTION =225 7|2 gl s GRAPHIC o LITHOLOBIC DESCRIFTION
w3 |gN|E 2 g ¥ & # |2 HEAE I sl B LITHOLOGY ]
£C1E |58 E E Gz Co e H Bl = BEER 4
A HHHE T EHE EIE |3)2[5I8] | E
R HE R ok Bl ERHEEE 3 "i
et = - I
T [ ——
—— ¥ LIMESTONE, banded otve gray [5Y 471} to light ofive B =
054 —r = gray (BY 6/11 and lsminated siwrmating with burrowed e —— UME;‘;O:.E{,MW o:.mur“. Is;.;.lz.:-m “n'“. :“:
T T T Iight otive gray o very light gray (N8J limestana, Comman L = ey iy T very I ey, bk iz
1] ([ === n| + packsges of inclined laminaticns i laminated limestones ——— Ol ooy oktval.-\utralehy laminatecs, Mdiiniesy.
1 T * 1 e — i tod, and bisrrowed 38 markod, Inelined lyens (cron
T T T w marked, Boundaries hetwsen laminated and burrowed T T lonet) i the lemingtsd e
10 It \ntervals are gradational, Seme limestanes are dark and pas [P === 4 one AL . oo
T haps marty (9.8 Saction §, 72-80 em), B e i In some places lamirations are deformed (pinched anid
S X o Lyt wwolien — ep ot Secton 4, 20 cm), Several dack imervals
—— e ——
T T T i + ; T I ol MARLY LIMESTOME aa marked. Scatlered smmonite
———— "“‘:mlcc““m“”‘w;“m:o_r;‘ﬁs‘% ey n spryEhi, Celcteeplaced raliolany common onar middie
3 T.I :T:- u Crganic " fir s '448 T : : : : ol cone; cocisahnres aburdant nesr base of core,
——— Carbsonare 73 B8 43 e AT
=1 = — . 2, 121 Dolomitic limesions Imutitars) — samale contaim
2 —— 2 — : ;- | wliymoitthaped gray  patches filled with dolomit
T = ———— thombs and hast clayey micoie with pervises dalo-
s B —— mite rhombs. Dolamise | ~35%), caicite (B5%], Some
e L T S - ) pyvitized and eauitized radiolaria snd scattered skeletsl
e e e 3, 67 Limestore [mudiane) — micritic 196%) lmestone
Ty + e o i with scattened micratossils, principally s filed sitio:
e e —— Iaria, minar shail debes and plankionic foraminifes.
— —_— Mannosonids comnon
5 e Gl ek +*
= 3 = T —— 4 URGANIC CAREON AND CAHBUNATE %!
z === 3 T t
£ + = 31 32 ase
El — e : Orgaiee carban - LF -
o —— 5 S — Curbonate 1w 70 8
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SITE 535 HOLE CORE 58  CORED INTERVAL  525.0-534.0 m SITE 535 HOLE CORE 59  CORED INTERVAL 534.0-543.0m

g FOSSIL 2 FOSSIL
a 5 CHARACTER I g CHARACTER
g l=zulelale @ 2 = “
Buw 3 2 zule] 22 E|l & -
SEIEE|t| 8 ] § g |  Reapme * LITHOLDGIC DESCRIPTION HAEH 2| & | gaewc H LITHOLOGIC DESCAIPTION
LITHOLOGY 1z |EB|% g = | LTHoLoGY :
<&|z H gl a - = 5 06 H
£=1E7 5 5|2 (8] |#]® 2320 o £S I8 2|5 28] |%] 2 F
£ |3 || HE HEH g |8 |3E]5)2 =+H
s |&8]= 3 W 5 § Z|=x|8 T W
LIMESTONE, light geay (NT) and |ight olive gray (Y 61} LIMESTONE, altornating betwoen very light gray [NB) to

tight gray (N?1 massive, Durrowed limestone, it olive
pay I5Y 810, s gray (5GY 6/11 and olive gray
{5Y 4/1) leminated 1o ndiinctly laminsted |imestone
with gbundant pyrite, and dark olive black MARLY LIME
STONE. Core Is cut by abundari calcitelined, tar-filed
Sractures, A number of pisces are breccisted with offwets
of 1 mm o 1.5 on leg. Section 4, B5-107 em). Many
tarfified fractures Rave ofl sained areas surrounding ihem,
Saversl tractures are filled only with calcite. Sevaral atyle
fitle wears also occus in this core, most not parallel to

05 with dorker olve gray o olive bleck Intesvals, one a
MARLY LIMESTONE. Alternately burrowed (planolies
typ] leminated and mwistnetly laminated g marked,
Inedirnd andd truncated lamings in some of the laminated
limestones, Scattwed ammonites snd ammanin aptychi
Base of Section 3 e 10 twerthinds of Section & s cut by
targe fractures partially fined with calcite and filled with
tar, Pipco in Saction 4, 19-28 om, contoing part ol a vort-
el lescture shout 2 om wide filled with black rar, Fractur

e }
bl
R

T s Tl Y T e 4L
| | ; - ?\ | [
il bl i
I

- butween Section 4, 4045 om, contsing breccinted lime- == —=
. stone fragments comented together by 1ar. Ot I S bedding. Coccosphetes and dolomite thombs noted m
tractures hive o4l stined sreas adjacent 1o them. 5 - T— samples from Section 3, 77 om,
i I "
2 z 2 == :
ORGANIC CARDON AND CARBONATE (%): & I Thin Sectian:
pe 2,108 4.4 -1 — ST, 5, 35 Limesiona (muditone) - masswe micritie (98%)
Drganic carbon 82 ER] 3 - Nimastone with scattured calcite-filked sficlaria, some
::|:;==_'J—_-, Carbonate &1 & = . e a—— s partly pyritiead, snd minor skeletsl debrs. No stractury
——— ? —_— | o laminations. Mannocomids common
- [ T
c 1 r— 3 et ORGANIC CARBON AND CARBONATE (%)
= = —— E  —— H .
Z T T & — ! 4,57
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SITE 635  HOLE CORE 80 cORED INTERVAL  543.0-5520m SITE 635 HOLE CORE 61 CORED INTERVAL  552.0-561.0m
= FOSSIL 3 FOSSIL
« |E STARACTER 2 CHARACTER
EREMAE w 8 W z| o
Su|B|3 gl g = w2 -
TE ;E £ g § El & tf;:grrlgr B LITHOLOGIC DESCRIPTION SEIEE|E g 2 u LI“T"H‘:]"&;EY 5 LITHOLOGIC DESCRIPTION
FEEOHEIEL T al e = = I BRI < 2 = & -
£ (875 5(218] |#] 2 By L7 (ET|E[E(3 (8] |2) % EEEE e
- 815 BEE3 e - Z|E =]
g |5 z FHE NHEIIE ¥
@ |2 & 5 5t bl m |2 |3 5 &
== [
——— LIMESTONE and MARLY LIMESTONE, sltormating be LIMESTONE and MARLY LIMESTONE, shtamating be
T——T— tween very Fight pray (NE) o light geay (NT] massive, rwean wary light gray (NB) burrowed massive Limestons,
A—y—— burrowsd limastone, light olive gray {6 G/1], olive gy Taght aive gray (BY G/ 1) eminated to indistinetly laminated
- - ll" (58Y 410, ond greenish gray (5GY 6/1) laminated to limestone, and clive griry (5 4/1) 1o olive blsck [5Y 2/1)
inctly lamnated limestone, and olive gray 10 olwe Iaminated marly limettone, Spar-tlilsd ammon tes common
bisck marly fimestons. Most tramsitiom are gradational. in light grav limestone, This type sl has mediamm gray,
Ammonites ure shundant in bass of Sectian 7 In light masive pyritesich matthes, Shightly inclinad layses oocur in some
limestona; pyrite replaces shells in many canes. Spor Dils of the laminated himestones. Styloflite seam #t Section 4,
wome ammonites. No good geopatal strocture. Scattorsd 0 em, Changm terwesn different limestone 1ypes are
i fine biocisizic fragments noted in Section 4, powibily pralationsl. Delomite iamts noted in sample lrom Sec
i smmanites. Planolites 5 common burrow type. tion G, 68 em Calcivereplaced radiclaria in Section B,
- i
T——T " 1
—— & Thin Section: * Thin Saction:
2 e —— 6, B2: Limestons (muditonel = micritic famestan was 2 + B, 147; Mussive limestan [radstone) — principally micsit
e sparse skeletal debeis Approximats compton i IBEX) with seattersd calcitetilled radiclaria and fite-
"t mierite {BT%), calcareous radiolaria (%), molluse Trag- marts, Filamenty all sigred o similar dire
— :—'—' ments and spicules [1%), pyrits and oigamc Patier
e a—— [traces), Mannocanids comman, ORGANIC CARBON AND CARBONATE %):
e 1,39 1,40 2,12 264
| S— — ORGANIC CARBON AND CARBONATE (%) c = = Crganic caeban -
s —— , 3 —_— Carbonats B2 44 = 80
[ T == Organic carhan l ] o
2 T St it Carbanaty [ 3 ety
S e 2 e
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635 HOLE CORE 62 CORED INTERVAL  561.0-570.0m SITE 535  HOLE CORE 63 CORED INTERVAL 570.0-679.0m

IME — ROCK
UNIT

[=

early Valanginian—early Hauterivian

BIOSTRATIGRAPHIC

FOSSIL 2 FOSSIL
CHARACTER - ; CHARACTER
MHEE Z| g M EMHEE HE :
1 § E ElE Lf'::gl.nl:lvgr k3 LITHOLOGIC DESCRIPTION = EEEE Bl B tﬁ.':g:“':, LITHOLOGIC DESCRIFTION
H o 2 (=8|z| 2|5 4 06
mjz] 2| % g 2l ¥ - wS 3N 2 < g a| ¢ 3 f
HHHEHBE 4 FH R HHEHHEE HEE
8= E = E ; & £ 1k 5 H I g
“lz|e|8d B i @ jec|lz]=]|8 k5 o) =
I  — 'I_. I N
e LIMESTONE snd MARALY LIMESTONE. alternating very == LIMESTONE snd MARLY LIMESTONE, stiermating
05 :’ T T 1 sight gray (NBH 10 light olive geay [5Y B/1) burrowed amd A s wary light gray (NBY 1o light olive gray (8 B/1), burowed
——— i massive limestone, laminasted o indutinctly lamiated — O wndd manive (mestane, lamaated to indistinctly laminated
1 o e — == light aliva greay to alive gray (5 411 Iimmtone end darker 1 I and burrowed light olive gray 1o alive gray 15 401} fime-
S re— ollve gy, olive black {5 2/1) 10 brownlth black [5YR T vione, and lamingted olive black (5Y 2/1) marky limesioem
10T 211) Inminatest marly Hmestone, Contects beteoen diferent 10 T : T : T Tiwve dark marly limettona intervalt are macked, Bounds s
e e limetone types are gradetionsl, Ammonites cecwr in the e LE‘J: between |smestons types are giadational. Caicite-renlsced
Tyt " s light limevianes in Section 2, Burrows are wefl = raholaria comman nesr muddie ol cone,
—— displayed i Section 3 where light and dark fillings snhanca e 1
e them, —— Thin Sestion;
] : - : Ty E s = F 1, 63 Limestons (madstonal — micrinee (B%) limastone
p—oy by ORGANIC CARBON AND CARBONATE (%! with only scattered microfomils mostly sgarfilled
4,1 4m 542 = racinlaria and filaments. Possible calplonellids but
. Organic carbon P - - —— slide toa thick No obvious concentrations of fossls
2 — : 1 : Carbonate 55 -3 a § RP 2 e— : > o clay o wggest layering Manoconidi comman,
T = —_—
B o s & T T T ORGANIC CARBON AND CARBONATE (%)
T 2 = I 1,68 4,103 4112
T - — X Organic carbon - B8 -
g ’ % — Carbonats az ] 57
T T T T X T
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SITE 5635 HOLE CORE B4  CORED INTERVAL 579.0-588.0m SITE 535 HOLE CORE 65 CORED INTERVAL 5SB.0-587.0m
2 FOSSIL 2 FOSS
= 5 CHARACTER ” ; ::Hm.ac‘tsn
M EMABE zl| ¢ g |2 5 2| w
e EFHH L E gl = GRAPHIC H EMELE E|la wl=
=R E a i E| £ | uHolosy b = LITHOLOGIC DESCRIPTION == 55 HE| § £l= lﬁmfﬂﬁv EE LITHOLOGIC DESCRIPTION
£7 127 5 |28 (8] = R R E R E F =5
2 |5 |2|2]|8|8 CElE 2 £71E |5[5|2|5 |8 o
2 |83 3 z E 5 z F |2 § HEH =+ §
o |& o s o = = Z|%|a |3 E 5 “
—— ] I H
e =S==
05 : - T : T fxliwi"m"""';;“L"::ESJ‘%':.E"}“";::""”‘.'I:: bur o ———— LIMESTONE ard MARLY LIMESTONE, sitgmating mas
e i 15Y 61} hermisiniol Pttt o 44 L = WivH o Surcomd |t reaniet aray. Y 141310,y
1 ———r—i P X light gray (MBI Limestone with sparss ammonte, b owad
s===——=l, Uty a4, ot (o ey o s ==== e idstincrly laminatec o laminsted g1 ohye sruy
7 ive gra ! . and olive aliva = ! A i
1.0  —— 1 HH Y ‘v " Al l“"" | 4 e === (BY 8/1) to olive gray [BY 4770 limasione, and |aminated
= " IEY 271) marty limestona, All contacts betwsen Emestone B T Glive gray (5 4/1-5¥ 321 to oive black 15Y 2/1) marly
—— L 1 tygws arn gradational, although color ehanges, particularly | ——— lsmustone, Contacts betwesn limestone types gradational
e '{‘; .l:mﬂ::'l SRR, 18 (f‘m;m'"‘;“:"""" pﬂ?‘; — with some stwugt color changes Scattored (ntwrvah of
i 4 SAININE. DGR BECRT MY HMTRHINC, BRGNS 1) i I I T inchinei lavinations in laminated limastones. Some trunce:
- : T J'_ ! Hom 2 id B Galcle-lined, tanfilled. hactuim decut in Bp . _1'_ T : T :— Vhaey motec, Alignod, light-calored planss pats <0 e
= = Secrioos 4 sadl 5, QI yisina:poted v, b of Saction & and s e lang compiise soma laminas. Planolites it 8 camman
e top of Sgetion 6, : T : — + busrrow type throognout core. Light gray, barmowesd (ame
: o : — o Bac —— T stone nas common darker gray, diffuse mottles [pyrite
2 T I - _I_‘ n CHion T T T [
e 3, 56 Limestone (mudstanal — massve micritic ([B6%) 3 ==
T T limestone  with scatterod  micralosih, mostly spar ] Thin Section
m tilled and Wh!?-wi‘ld radiclacin with same shell 2, 28: Limestone (mucstonsl — micitic (DO | mestane
g e et Mumoconkl prasei: " . with seatterad calcite-filled radiolaria (10%) and minar
= 1_; + ruploned spinns toraminifers ani mutluse deteiy, M
—— ORGANIC CARBON AND CARBONATE (%) kg ot somman,
: 1 4,56 (49 {
RP —'—: x : T Organic cartion 132 - E T T T| ORGANIC CARBON AND CARBONATE (%)
—— . kot Py 3 e f 2,38 2,120 2,132 2,145
3 L E T ¥ Orgamic cartar 02 05 11 22
2 3 S 2 3 ! Caronare B m e
Ei = T I =====" a4 a4z
§ —— z i e e s Organic carbon - 042
s, ? 1 Carbianate o m
z == W i =[]
5 e — w I  — T
: == : =t i
L 7 a—
5 e H =T |*|*
< T B e |y
E) e = 1
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SITE 0535 HOLE CORE 66  CORED INTERVAL  B97.0-606.0 m SITE 535 HOLE CORE 67 CORED INTERVAL  B06.0-610.0m
= FOSSIL o
= = FOSSIL
« |2 CHARACTER 5 CHARACTER
ST T T 12l 2 | onwec | s S E[ETeTeT 1 12l 2
= |E P L DESCRIPTION N EH RS e GRAPHIC
i E§ £ FH § g E E LToLOGY | 2 . LITHOLOGIC PTG 12 £8 E z 5| £ | wrmowecy LITHOLOGIC DESCRIPTION
N ERHEE R S5k 23 |e™ 3 612 (8] (%)%
ERHEBE FIHE |5 L
® |<]|Z & K = § HEE
T LIMESTONE and MARLY LIMESTONE, alternating white R ——
o B (NSt veey fght gy ANH mesive: sed barrowsd os = === I:.':Esrm::e:m n.nnnrrnl_‘:ll:moui, ::!urnulwwri
I I I anmonitebearing limestone, light ofive gray (Y 6/1) ———— ight gray e rowend 18 madinmetly Lemi-
1 i ——— 1o olive gray (Y 4/1) laminsted to burrowed snd in: —— nateed limestons, laminated 1o indistinetly laminated light
— - 1 )
AP i T ;L distinetly laminsted Nmestong, snd lamingted oltee gray = L m“ g “I" Pt ""':Y"::" 5Y 6/11 limestone, and
e 10 alive Biack marly limesione, Progrssion of sequencas 10T INSIE. Gile - iy to alive black (BY 2/1)
—— sim that (Husteated for Core 44, Al cantaets grads: i === marly limestone. All contacts gradatioqs, Darker marly
= - = 10 that (Hustrated Core ] - - - intervals less abu e 1h. Tha Cores 65 and
T T i T B ess NEANT & thannas N -
< T - tional with sorms abrupl Solor changss, perticubaly o I T _
T mrly limestanes. Sequunces thickesss ate vriatde (=40 cm —_— 88. ‘Lighi. imssthea i imiottisel with e, gray pyrite
T : I : T e 3 mater, including the tires limestong typas). lnchined T——T i T :.m lls«:‘m- ;NI scarinied r.kn_.-- and piyeite filled radio
layering in some of the laminsted intervali. Scma cerk @ tatect ammniles occu in this (emstons. Skction
I intarvals hive sbindant light ipots snd laminas (eg. Sec 1. 0-50 cm, contsims fght - dark aiternations sach about
L et * tion 2, B8 eml. j 1-2 em thick, Rarg dolomite rhambs aned pollin gruins,
" === 2 _—— #0d common pyiite, and abandant cocealiths st Section 5,
—t . 2 T > —— 3T em.
e Thin Section: iy
AP v 2, 49 Limestonw fmudstone| — micrim [B5%) with wome =1 .
= gaarahe Grairied cajciia miseolieall: (Wb, iy eilier H E——— ORGANIC CARBON AND CARBONATE (%)
LT latin but with sevoral benttic foraminifers and shell ] T— T T 1 2134 4.87 4,88
. "_.' : — m fragments, No concantration of skeletal dabris in fhin E :Mﬁﬁﬁ‘ i '_“’ e '
5 e T schess P — Carbanate P
z T — = | —
5 == L1 ORGANIC CARBON AND CARBONATE (%): 3 =
3 ] 2,36 481 4,107 & e
o ——— Drganic carbon 112 - K B =
== 3  — Carbanata 61 B0 w0 3 = e
i —'—.. — 1 e m—
pE==Cs mE===
:E T : T = Y : e
F s===== e
3 T e
: B L i e —
5 B ===
a = e —
cn + od
T + ——=
T T
] ; T T
= £ ——
e % % ==
Lo 1 |am 5 e
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= =] Hed
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BIOSTRATIGRAPHIC
ZONE
FORAMINIFERS

TIME ~ ROCK

FOSSIL
CHARACTER

|

RADIGLARIANS
SECTION
METERS

STAUCTURES.

SAMPLES

DIATOMS

NELLIDS

LITHOLOGIC DESCRIPTION

|

TIME ~ ROCK.
umIT
IOSTRATIGRAPHIC
ZONE

warly Valanginian—early Hauterivian

Cwleicakeriing obiongats (N}

Catpioneliites rona LCA

P

HUHHHHHHHHHHHHAH
HHHHHHHAHEHHEHHEHHEHEH
HubpuHHaa o O o

HHHHHHHHHHHHHH

D e 2

|

|

=

s>

HHHHHHHH

= HHHHHH

LIMESTONE, MARLY LIMESTONE, and CALCAREOUS
MUDSTONE altarnating very light gray [NB] masive sned
burrowed 18 laeinated ite-baeasing
Himestone with pyrite-rich madium gray mottlng. baminated
1o indimtinetly laminatsd and burrowed light olive gray
I5Y B/1) 10 alve gray 157 4/1) limestone, and laminated
olive ray 1o alive bisck [5Y 271} marly imestons and
ealcareous mudstane. Ditfers lrom Core B7 in that lams
nstud limestones aee mone varishln in color and white
lumagtonas have a gresnish tinl. Moit contacts gradational
&5 i ewedlying cores; sharp contact st Ssction 2, 118 em,
between dask marly limestone and underiying whita lime
stone it between two pieces snd may be artitact of drifling
Top of white limestane &l this contact i burrowed with
wveral (stylolitie?) tractures. Fragmann of white limesione
1iis hotes on surface of thiv piece Scartared chesidrites
Type burrows throughout core. Calcite-litled Fracture in
Section 4. Thin medssm light gray (NG) pyrite-rich MUD-
STONE oceurs at ~75 cm in Section 5. Comman dolomyte
hambs and coccolith ot Section 5, T3 em,

Thin Section:

2, 118: Limestone (mudstongl — meinly micrite (B5%)
with wery little scattered shell dibris plus foraminifers
and radiatarians. Seversl 1-2 mm long, cblong paiches
ol finely divided pyrite are distinctly differem than
anclosing micrite — powible croxs sections of bunows,
MNannaconids common

5, 60: Dolomitc limestona (mugstonel ~ wavy laminated
dolemne micrite, Dolomite erystals (-6 10pm] sorg
@ adge of light band of caicite culling across section
containing guartz st and needieshaped (5060 pm
Tong) opsgue grains, probobly maercesite,

B, 63: Dolomitic limestone Imuoditonal — mattled darker
and fighter micritiz patches spockied pervasively with
small shombie ta sub-chomhbic dalomite crysials and
& few scatvored, calcire-fillad radiolaria.

ORGANIC CARBON AND CARBONATE (%)
L1M7 437 5@

Organie carbon - - =

Carbanate a B3 1%

535 HOLE 62 CORED INTERVAL 619.6-628.5m
FOSSIL
CHARACTER
AEE z| 2
£ E 3 £l & LITHOLOGIC DESCRIFTION
z <
HHHHBEE g
HHHE i

I

early Valanginian—early Hautesivian

Calcicaluthing obdongeta (N

CM

HHHHHHH

HHEHHHHH

[8]

3

HHHHH

R e 2

LIMESTONE snd MARLY LIMESTONE. ahternating light
gray [NB) 10 whits {NS] massien and burrowed |imastone
with sparie medium gray pyritiesch motties, laminaed
1 nclatinetly lamineted and burrowed grewnith grey
{BGY G/1) 12 lght greensh gray I5GY B/1) limestone,
und oitve gray (5% 4/1) 1o alive tluck 5Y 2/1) Leminated
marly limestone, Cantacts gradational but color changes
abrupt es in overlying cores. Abundant ammonite aphychi
in Sections | and 2 in white limestone. Comman and watl
dispiayed chondrites type burrows in Sectiom 4 and 5.
Two thin layess of pyrite-rich MUDSTONE in Ssetions 4
and 5, Luminated limestanes commonly fure dark leminag
that are stylolitic (ng Section 3, 50 and 75 emi. many
are itregulat and wispy and enclose small linses of lighter
limastane

SMEAR SLIDE SUMMARY (%):

4115
Composition:
Quarts 1
Clay a5
Pyrite 2
Calc. nannolosily 1
ORGANIC CARBON AND CARBONATE (%)
344 6,87
Otvganic eartian - 34
Cathanata an a4
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SITE 5636 HOLE CORE 70 CORED INTERVAL 628.5-637.5m SITE 535 HOLE CORE 71 CORED INTERVAL B37.5-8465 m
g 28SIL g FOSSIL
§ S CHARACTER § g CHARACTER
culB)|5]¥ Zl e > cul2ly = >
i HEE ElE | ohemee |2 UITHOLOGIC DESCRIPTION e EHHE : EIE | Lonmme, LITHOLOGIE DESCRIPTION
;3‘"§a§§g!§%’ 2a=d g R R HEEHAREHE F =P
:Esggsn; S iF R +1H
ERHEIHEEE E FRHEIH B F:EH
= ———= . s e—
1= = ;.
_#,::; ITI LIMESTOKE and MAALY LIMESTONE, alternating white 1 LIMESTONE and MARLY LIMESTONE, atternating white
o R —— [NB) 1o wery light gray [NB) massive and sxtamsively bur o e e e IND), yelwish gray (5Y B71) 1 vory light gray (N8 and
—— * rownd limesione, sireaky ofive gray (5Y 4/1) 1o light olive . light graenish geay [SGY /1] massiva and hirrowed lime.
1 il e —— ES8 gray (BY G/1) laminated 1o indistncily leminated and 1 Er ? r,\ stone, light clive gy (5Y &1 to olive groy (5Y 4/1),
(1] ==l burrowed limestone, anit laminated olwe gray to olive black T T = ke tamirated to indistinctly taminated and burrowed lime
b 1 T— T {SY 2/1) marly limestone, Contacts gradational but color 10 === W swones and olive gray to olve black (Y 2/1) marly lime-
7| changes somutumes sharp os in owerdying cores, White  Sie— — s stane. Contacts are cften artificlally sharp drilling tresks.
- - - limeitons and some of the laminated and indistinctly lami: o m—— "4 Upper contact of white limestone a1 Section 2, B0 em, it
= nated Bight alivie gray limestons have 13 om long pyfite ==t '{'r. irroguiar, burrowed, containe emmonites and snull debiris
= strwaks and atundant pyrite matthing. Thres thin 112 cmi = J and weversl siylolitic wibnorzontsl factures or saams,
S — tmyers of pyrite-rich MUDSTONE occus, one in Section 1 ] and it tinted dusky blue (SP8 3/2), pale blue green (5BG
Ty T 5 marked und twa in Sectian B [not shawm|, Ammanites 742) urel dusky green (5G 21 Oiree gray (5Y 4/1) clay
: = : _1_: common a white fimestons n Section 3 ﬂmdr-vn.m (ghaucanita?) lines the more promingnt wyiolitie wrtaces
2 T——— comnon burrow type. Dolomite thombe, coccoliths, pyrite 2 in this limestone near i1 upper contact. Comman fylaliten
sl quartz Wit meted at Section 1, B3 om In lemingted limestones, Chondrites s comimon o
type. Comman cacealiths i marly lanestone a1 Sserian 3,
Thin Ssctian: 93 em. Dolcmite rhombs 2t Section 5, 43 em,
— T B, 78: Limestone (murdstone] itructusles limestons
— T composed mosly of micrite (9E%) with scattered Thin Section
I X calcrtw-filled ratiolaria, & few possibie calpionellics ard 4, 139: Limestone imudstanel — masiva |imestona com-
1‘ T L wiinpize quartz grasm. Mamocomids presint. posed mainly of mécrite (9B%) with scattered micro-
5 R feosil — round, caleite-flled radiolaria, calelsphares arid
z 2 SMEAR SLINE SUMMARY (X} soee sheletal debris. Cajptaneliids are common. Sevaral
§ e S— 1,114 5 lurge pyrite erystals also in this ssction, Mantocanide
é 3 . D = 3 pant,
= - = Compasition: 5
£ = 5= g‘:'“ X H AR ORGANIC CARBON AND CARBONATE (%1:
E e Pyrite ) = o bon 2l 36:: 4
e fanile carl - -
E Carbonate ursgee.  Tr ? iy = P 8
|
= == £ P
3 =e= 3e
' . == SE .
z 33
= g 153
= T
e 28 e oM
= £
— bt A
===== g\l i
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23 |ae aM| 5 et .
5‘»‘ ===cc i
3¢ = e
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SITE 535 HOLE CORE 72  CORED INTERVAL B465-655.56 m SITE 535 HOLE CORE 73  CORED INTERVAL 6555-6645m
2 FOSSIL FOSS
x CHAR, i
§ g ACTER @ CHARACTER
Bulg g g Z|l 2
o = H H & GRAPHIC w|2| 2] gl & =
TE :% =i El £ | urrotocy __g LITHOLOGIC DESCRIPTION T HE i 3 E| e | 8% LITHOLOGIC DESCRIFTION
HAHHHHENE £ E S SHHHARHE 3k o
= - = =
G HEIEHE FEH R HEHHHE e
s |8 HH 2E -HMHHHEH H
—=I%3 S VoD
: T LIMESTOME and MARLY LIMESTONE, alternating very ‘_:—_" . - : * LIMESTONE and MARLY LIMESTONE, alwenating vary
05 — i Tight gray [NB) to white (N8} and mortied pas yellowish 0. T S [ light gray (N8I, 1o light greenith gray (BGY 8011 massivn
N brown (10YR 6/2) massive, Gurmowesd lmestons, light T —— and busrowed limesione, laminated to bBurmowed s i
1 :rt olive gray (5Y 6/1) burrcwed and indistinctly Laminated 1 ] - = * digtingtly lamenarsd light gray o bght gresveh gray (SGY
10 5P Fia : I:n;ﬁ“l;m::::. :--1 nh:lwlr ‘fﬁ;:flllllun:‘:]n H 3] + BI1) limestone, and laminated and pyrite-nch obive black
ol 1 ac rk gresnish gray i K e 15Y 2/1) marly lamestone, Light coloved limestone mare
M| cM i = ?E. . Himestone. Wiite lmestone is pradominsag lm.in This core, 2 e il greenich than overlying cores. Massive light gray limestones
S et T wuln::m wmnw;:r than that in ovarlying E x_._‘_- have scattered ammanites and soime pyrite mottiing. Lami
1 T —n cores. Contacts are gradati wivern pagsarved, sharp = T — - nated limastone hawe thin stylolitic mady taminae (A
. z —— ! v
P 1} g whirre broken by drilling. White limestone i medum blush z & = places fo.g. Section 3, 2240 cml. Marly limestones have
- i gray (58 5/1) a1 Saction 1, 112 em, just below ,u.mll ? gé T sbundar pyrite and thin stylofitic lamizas  Drilllng has
- - —rr | place of marly leneitons with stylolitic laminae. This light - § E M deitroyed some contacts between lmestone types. Wheie
= : T : N : T himestone has common small ammonite fragments and - g proserved they sre gretations! color changed ate sham.
£ 2 e —— whale specimens, subhorizontal stylolitic seams or fractures, .’G 3 Dolomite, pryite, and quartt silt noted 81 Sectisn 3, 46 cm
E — —— mollusc fragments, nd pyrite (ixeces between 112-118cm, 5 § 2
5 ———— | Section 1), Luminated and indigtinctly faminated light P i 11 Thin Section:
I I I i -] 3 i
= — olive gray limestones in Sectiona 3 snd & have wibiie 5 |EE m 2, 125: Dolormine marly limestone imugsionel — meernuc
£ RF '@ 1 aresnish and reddish brown vnm. Caleite-filied fractuses =8 RP W . (BS5%) limestone with scattored emall (=02 mm) ipae
L4 - s oecut in Sectiom 24, Dolomite and pyrite commamon a1 filled radiolania and some skelutsl detsrin [2%), Screen
§ 4‘-—1—:-—1--:- = Section 4, B3 cm. T of incipient dolomitization {~13%%1 covers manst of
z T : - : T _; % the slide, Dolomite sppesrs 10 ocous as small (~0.5 mmb
3, = Thin Sactions: cp rhombs, but are ditticult 1o resolve through the mirin
. ——— 1, 116: Bioclauc limenone (shelets wackeione) — com Marvmnrconids paesent.
ol e cp R ] . plen sxeetl wockestone with tkelatal Sebris [ ~15%1 3
> 3 S }_1 . wncluding smmanite, maliess, sd gestropad(?] frag- OAGANIC CARBON CARBONATE [%1:
§ — ments [ep ta 1 em ocrows), benthic foraminifers and 1,83 323
- s calpionnilids. All thell matirial has been resrystal- | e —— A £
=== v figed 1o blocky and cossegramed caicie. Geopenal Ep W Carbonate 44 6
7] oG structure and vold-fll e common in larger lossile .’
_ ke Skeletal frogments st in matrix of micrite (B0-E5%), cc| i
z —Fﬁﬁ W Fine-grained pyrite repisces some shell fragments as
ia e HH well 2 micrite in & blotchy pattrn, Seversl bilurcting, SITE 536 HOLE CORE_74  CORED INTERVAL 6845-6735m
54- T = pyritecoated wiylolier  and  numerous  caleite:filled T} FOSSIL
3t :@ T weine in this sample. Mannocomids ceenmn, T CHARACTER
1| e 4 o 3, 68: Limoston (mudston) — micritic limestne with § 2 B z| w
= n .l wnall | ~01-05 mml wregular patches of slightly 30 1 4 9 I“,‘_, GHAPHIG o LITHOLOGIC DESCRIPTION
] : i E o= i " coarver-grained micrite and scattored calcite-filled radio 'Z128| 2 E G| | umoloay oI s
3 Lid e e lerig and skeletal fiagments. No laminaticns or concan- $lE|a i g g é§ | = = g g
& = T 1 witlors o il dobris noted, M ot |8 s HEIE EE = a
Lo - present B HE B & Sl b
3, 74: Limestone (mutstone) — same o Sample at Section T | &'
S ?"""_.',"‘":';‘.:“‘L PHACL NI, Wit (e E—=====Hry LIMESTONE st MARLY LIMESTONE, attarating vary
iy =1 l i light gray [NB] to fight oltve gray I5Y 871 masswe bus
: . . RP AG | Ly rowred limextone, banded, laminated 1o bumowod ard in
4, B5: Limeitone [mudsionel — micritic [98%)] limestone 1 | distinctly laminated (sght olive gray (5 6/1) to olve gray
with scattered microfossite (2%) mainly cabeite filled € T I I5Y 411 himestone, snd olive black (Y 2/0) marly fame
vadiolaria, small filementsi?) and a few smail foramini. 2 R Mone. Ammonites In light limestone 4t top Soction 3,
fera, Indistinct Leminations or layering in this sengle ] i T | 4 Distinction between wory fqht gray massive limestone
come Iram darker and lighter 2ones of micrite and from H L e and light olive gray Leminated ard Durowed |nestons is
crte ol mi i > — et less distinet than in owerlying coms. Some inclined Liyen
present, E =] | l__ scour in Isminated limestone. Cabcite-filled fractures n
4, 105: Limestone (mudstone] — same & Section 4, 85 cm, H = + top Section 2. Contecti betwoen light colored limestonss
Narnoconids rar ar poady preserved = | “ are geverally gradational, Sharp color change tetwesn
é -y darker marly limestones and these lighte himestones;
ORGANIC CARBON AND CARBONATE (%): 2| = 2 - ——— | some are duilling st lacts, athars are ral
4651 4,54 5 2 T = | -
Organic corbon - 1] < I - i Thin Section:
Carboraty o se g "E‘ s ] 1 L3 1. 67: Uimestone [mudstane] — sumple comists of micsite
i ] 1 — I54%], cabearvous nannofossils (nammocomics)  [300%),
= T - |1 clay (8%, pyrite (Y%), calcitized radiolsria (10%)
3 e R ) caipranatiids (Tr), and spangs specules (Tr)
é 3 :#:L:ﬁ‘# i T‘.‘ 1, 121: Dolamitic limestons [mutdstong) — mostly macrite
1 | |1y IB5%] with o pervasive ovarprint of daleante dombs
il 1=~35%). Only o tew microbossils ocour, mostly pysite-
vimmed and sparfilbed radiolaia. Blatchy benticulsr
zones of fine snd cosrsergrained dolomite gve 1ock
& motted agpesance and a hint of faint (ayaring Fines
grained dalomite in lenses moy be Gl of small burmows
that have been flattaned
ORGANIC CARBON AND CARBONATE (%):
1,112 3,10
Orgare carbon = -
Carbanats 57 65




SITE 535 HOLE CORE 75 CORED INTERVAL B735-6825m SITE 535 HOLE CORE 76 CORED INTERVAL 6825-6315m
u B = FOSSIL
§ g cﬂﬁgﬂhn i ; CHARACTER
EMEEE 2 > R EMAE Z
KI; EE g g ] g E Lm’g,‘g' K LITHOLOGIC DESCRIPTION ‘; Eg ilg g g g LFT‘:"?L‘S&Y LITHOLOGIC DESCRIPTION
w3 3N 2B < H B2 g e N H IR
E R HEHHTTEE LT A HHEHL
R HEHEE Eoeds S CHHEH
= |2 a E FHHEH B
—
x ¥ VoD === LIMESTONE and MARLY LIMESTONE. alternating very
t ] ﬁ LIMESTONE snd MARLY LIMESTONE, alternating T l";""“. i ,';‘sl’w'; ;“I‘;I':ﬂ”;m“gv‘;"“"l“‘:ﬁn;'g
T T very light gray (NB) 10 light ofive aray 15 Bfllb«r-vn‘;d = indistingthy taminated ard busrowsd Himestons, and lamin.
iz x to Taintfy Wminated limatae, (g olivs orsy 10 BT e ated clees binck (5 2/1) marly limestone. Ditinction e
2 T 10 olive gray (5Y 4/1) laminated to inchatintly laminates T Foween {ight {amiitone types is better then in Two ovestying
- T— and burrowed limestone, and laminated olive black (BY s— — cone, Pace of whits limestone at 120 ¢m. Section 1, and st
10 — 2/1) marty limestone. Light limestane Lypes are somewhat 5 Py o 4-17 sl 75-82 an, Section 2 mattled with grayish
I = I smitar @ in oveslying core, Gomman olive gray stylolitle E B — pyrite patches. The pieces in Secton 2 have subhor aonis
E oM T - and anastomaosing clayey sesmi i thee limestones. No 2 wtylolitic suifaces, ammonites, and shell debris similar e
z L smmonites recorded, Pyrite motiting /& comman, Lamins 2 ?:‘ Ea the whits fimestane at Section 2, 80 em, Code 71. Drlling
g T = Tiomw ness top Section 1 are varisbly inctined, Gocealiths, = Fp AG has destroynd most contacts, but whare presarvad they are
3 dolomite thombs, and pyrite occur 3t Section 1, 142 em; = gradational. Shep cobr changss between lignt limeitone
2 oaonalittel and pytie o Saction 3, 104 e, Thin Section ? ;nemdulm mrly bmestone, Coceolith eommen in Sectian
& P | at Section 3, 27 cm siggests part of this core may be o = i
? 2 m—— caleareous dolostone. E - § ] Thin Section
e ——— 2 =4 Ag| 2, 3: Bioclastic limestonn (dkaletal wacknstona) — this rock
L = —— Thiin Section: 5 |=E i@ mixture of welatal feagrmants (30%) and rwo genra:
'E‘ e 3, 37: Cabcareous dolomite — smple consnts of aburelan ‘: 5 g tiont of mecrite, Skelesl debes includes mostly frag
3 T ; T smull (5--15 gm) dalomite Mamis set in a micritic cal- EREEAN ments of ammonites moliuscs {18%), gmtropocs
B — cite ratrin [~ 700 dolomite/30% caleitel. Calplonaiid g. {T%), and bryoroans/gresn algaei?] (Trl, 2 well as
k-] 'EEEF— wn pane, mb:rmw Ile.v;.!. cd:.i.:\ﬁwﬂ (3%, wndt span-filled
npcliplarians tol structure i common for
= a -] ——— 3, 98: Limestorw (mudstone) — mostly mau-umI:;Ygl. i 3 large shell hagm-n:“:vcul specirnens show consr.
ot flp— with sparse colciticed rodiolaria (2X),  calpionedlics tant i dlirsction. Most shall walls of the Largs fragments
a —— (1%}, dolomite rhombs [1%), Tilaments [Tr), and some e mplaced by blocky caicite: blocky eslcite s ik
= T liwh remmains (Tol . space iy shell chambars abawe gecpetad Gl Some micr-
E 3 ‘FEKI:':-': theedd gustropod whelly noted, One oyster?} sheil trag
-§ ORGANIC CARBON AND CARBONATE i%): ment hin asgmal Gibrous calcite structure, Largest shall
3,18 fragment in this section & B mm long, Light micrite
Deganic earban 10 n goopatal Tl in large maolluse/gestropod shells, of slso
§ Carboviate 43 tiily most eaipranedids. Light mierit occurs s srrogular
patchus in {istes?) dacker micrise and as Barger areas; one
area looks like o micrite ntoaclast that has bewn bored,
the corng(?) filled with darker mictite. Dark micrite

LTl

% mostly matrie matorial, nevir occurning In grapetal
il Narnoconids prosent,

2. 0 Biockastic limestors iskelotal wackesiome) — wery
similar 10 Section 2, 3 em. Estimate ol composition is
8% miceite, 0% calpforeliis, 3% radiolarls, 2%
ammanite fragments, 2% gattropods, 2% molluscs, 2%
forarinifers, snd 1% pyrite. Two generations of micrite.
Dasked miceite may contein finely divided pyrive. It
appears o have @ pseudopelletal structure: fighter
micrite i nonpelletal, Maanocanids present

2,12 Calpivnelli) limestune |wackestane) — wample (s
composed of micrite |~ BOK) with common cofoin:
el (10%) and cokeipheros [10%) plos minsor caleite-
fill=dd radiolaiin (2%} ard some skeletsl debris [ = 1),
Micrite is of two types (Tight and dark). Light micrite
il most of skebetal debvris. One lerge mollusc fragment
has Night micrite geopetal 1l that contains calpionwifics.
This shell has sinuous discantinuous rod- ihaped patches

sirnilar rod shaped spar hodios

ment — wither borings of shell
lragments, Mannocormids comemuon.

DCRGANIC CARBON AND CARBONATE (%)
2,142

Drganic carban -

Carbonats ag
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SITE 636  HOLE CORE_ 77 CORED INTERVAL 691.5-896.0m SITE 535  HOLE COAE 79  CORED INTERVAL 705.0-714.0m

£ FO: 2 FOSSIL
g CHARAETER - CHARACTER
8 2 8 ABRE Z|l 2 >
Sulfl 2 Bl & | onamc | P E 8 GRAPHIC = CESGRIFIION
TE EE|t § Ele LITHOLOGY s LITHOLOGIC DESCRIPTION TE R gls a 3 W5 E LITHOLOGY & LITHOLOGIC
S|a~|2 4 g = wSIENE| 5|3 e (e8|8] & 2 8
¥ § : g g% E E g H g HHSE =
F = g F g|%32 B
ag HHEE 3 HEHHES H
e [ A e LIMESTONE and MARLY LIMESTONE, alternating bur
v L [MEB) o | iNT] limeatone
. i LIMESTOME and MARLY LIMESTONE, alternating very ed N e e
=P | [ light Gray [NBI 1o yellowish gray. (SY 811}, burrowed 0 s e 1 whole and fragmented mallisc shalls, smmanites, and sub.
g 0. l = faintiy banded ar laminated (imestane with spara greanish 05 p o + el Aot hrhfm' vy I:" way .’.:,..:2::
3 = " gray to olive gray laminan, light ollve gray (BY 6/1] to . 1A N us to taintly leminated, ::-:” e
£ oged | groenish gray (EGY 6/1) kmantane with sveaky and irrsgus ;g e . i i ot s v Sl 54110 4 Tt
& 1] lse olive grey laminstions, and lamingted olive gray (5Y g AN == IT 271} laminated and pyrite.rich marty limestone. Core i
£ 3 | 32} to akive black (5 2/1) Nmestone with dark yellowish et v kot b0, SRaow Pt tary s basty rafatas s dia
1 = brown [10YR 4/2) tint. Occamonsl smmanites nated in = -g ‘m “ '@ placed "|n the l-nrer: wpacers n':v-mu:- fm:: 2:‘:"
g i i = = White limestore fragments with sl an
g | light lumestona, Same clayey seams in both light limestons = ] - —— o ﬁs_.t';‘! gl et
£ 18 e A ik ety dmenicot mw ybelines - Dihantis 2 §c = '8 nd G576 cm in Section 7, Round [cross-section] calcite
2 (23 T {hambs, pyrite snd cocenditng noted st Section 2. 74 em. S ¢ = ———— T couted grains =1 om in dismeter ocour in pieces at 70, 78,
E Eg ey i N ———— * 06, and 108 cm, Soction 1, Piece at BB cm has sbundant
> |5 T i Thin Section; 8 |B i ————— pyiite land chalcopyrie?) on upper imeguisr surface
2|58 S 2, 143: Limestane (mudstansl — miciitic limestone with E g‘ o 2 =t {D5=1 o thick) which formn dendlui patiems down.
g 2 T T 1 ~10% caleite-tilled radlolaria, 1-2% colpiousiiis and I < —T—r =1 wand inta white limestane Pyritn als wstrourd i
i oM = = e), NBIGCANTE prasant 8 cP Al i T : 4 shall debrs ar tog of this ploce and lines a partial stylolite,
= —— Q0 RN D, ¥ B =T [P Pioce a1 70 em has pyritefilied wpaces between sheletal
H Tt AP —— H Hagrens, Gomman sryoltes aparata piecas vith thaleta
—— B tragments lrom more massive wh imestona (e,
% k3, -1 ;nu 101 om in Section 2], Some of these stylalites are |m-d
3’ cG ——— H - with pale grean clay [glauconite?], Pieces at base Sectian 1
. hrve: irroqular patches of chasrer light to medium gray lime
3 stone in host light greenith gray limestone, Some skoletal
3 debris i reolaced by pyrite, Vertical sylolite at 108 om,
- Section 2
SITE 836  HOLE CORE 78 CORED INTERVAL 696.0-706.0 m -
H = 1, 77 Bioclasnic limestona (skelotsl wackeatone| — sample
2 FOSSIL 3
= CHARACTER 7 i chaotic minture of doeletal grains {~40%) in Fight and
E z - dark micrite (~B0%), No clear relation betwoon ;ﬂ'. angi
2 £ 1 dark_mierite ¢ Skeletal frogments are molluses
§': E§ g § g 2 E uﬁmﬂ_’gﬁv LITHOLOGIC DESCRIPTION - L mh.,,..dm {73, ca
LB z 2 soharos and torominiters
*: E¥|E § g 8 |8 2 ] [Tr) and several plauconitic nhomﬂllne palipis, Coated
E g i H raims moatly have recrystallized mallusc fragrmant cores;
e H 3 3|3 5% ] Hrw have fish debris. Some coatings are assymetric, Some
E = 2 = -1 concentric laminee hrve recrystaltized 1o spar.
§ Eg L e - L. & —;— - 1, E3: Bioclastic fimestone (sheletal weckestonel — simikar
£ Es- ——— LIMESTONE and MARLY LIMESTONE, alternating white ] tn Sectlon 1, -.:1 :‘!nﬁ'fo:rmuq [ lTﬂl;;lu"::::,\:
7] a ; ] graims [~ 15%), cafuhovmeliis L
LE oy === INBI 1o very light gray (NB) thurrawed 1o massive limestane 8| - comed_ At (~ 10K), Gllaaulis 110V, molud
S=[5E £ e with scatisred olive gray. Stylolitic layers ang lamination, - Thisin juskig s bt iy S
B .ﬁ 1 - — light odlve gray |5 B/1] to olive gray [5Y 4/1) laminated 10 — Poricatie. Mmtions. fortmd by, ok urysaieie
£ £ g e Duredwed eestane, and lammatey pyrite et e gray o SoRiAthons lom Inmisaa i KL B jant it Bl
I i 1 ) alive black (5Y 2711 marly limastone, Otive gray limestons N organic .."g. Mast m‘:.. m:l““l::l Im‘f::::‘nl?:‘
; - sopod fragment core and one plankionic i
g g P botween 2638 cm s stieaky, lonsoid layers of white ;u“m "wag::‘ EEUH ol g latklonle o7 aielie,
3 Ap limestone in i1 wispy clay seams awirround tha lenies i Tk s paRoidé] e tirk, 1%, peher. homogen
Marty limostans a1 100 om has & lens of pyrite ~3 mm - o e il
thick in it plus two thin (1-2 mem) layars of pyritwrich i S o T b soEk il i R
muditone. Cor b been Broken info pieces by diilling. = 1o Section 1, B3 om. with micrite (50%), maltuse :.;‘_
3 mants [16%), calpionmlide IIS'H calcite tpar (1
Thin Sectian: 5 o echanaderm fragments (3%1,
1, Iznz Calgriomellid limestans (misdston) — samphs comist. - (%), Molluscs preserved o5 :oa\(d L4 I':{l"“ "“"I'll
) | i i torevard: et i
::ah.;mmthnm":-ﬁ vars replaced r_.lmnl;r.l‘:’;md :;u“ Camenrs oo F- b Inaior of. ikl and oo
1 BY (NN ‘iGN L iments in cement-rich areas. Prominant srosional horlzon
indiistingtly laminated. Mannoconiols present, 2 cuts across mm]u;dlr:u:‘um and molds below this
= harizon partially fifled with micsite
ORGANIC CARBON AND CAREONATE (%). E 336 Wt oy el GBI
1.3 A with some calplonetics (5%), pobosphmeite [2%),
Organic earbian - . pyrite (1%, filamerits (1%], and clay (Tr),
Carbanate k] =
& = ORGANIC CARBON AND CARBONATE %1
] 1,55
- Organic carbon an
=} Carbonste 3
7 3
(=
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SITE 539 HOLE CORE 1 CORED INTERVAL 0.0-1.0m SITE 539 HOLE CORE 2  CORED INTERVAL 1.0-7.0m
] L 2 FOSSIL
5 |B | cuanscren y |8 [ thumaer
§ |E.rErere) o ) g, |5«[2]2 2|2
S i ; E | oRAMaC, b LITHOLOGIC DESCRIPTION = EE g El B izt ot | LITHOLOGIC DESCRIPTION
wS|ANIZIE] S H gl e 3 g g § 5 3|5 B = FhE
|5 |3]2]8]¢ E £ § HE E
|8 § g Z|% E i s [5|3|%|= E
H = F-4 & = | Z|= |0 =
fa of |" sl
1 ] o NANNOFOSSIL MUD, pale yellowssh brown (10YR 6720 by d
s ° 1o lght olve gray (BY 6/1], soupy ] .
i o I ANNOFOSSIL  MUD, L OO0ZE, and
E = o SMEAR SLIDE SUMMARY (%): 1 ERY— FORAMINIFERAL NANNOFOSSIL QOZE. Mud (s light
2 A icel o : e » gu aiive gray (5Y 6/1) to olive gray [5Y 4/1) with wettered
y L] B ¥ o - grayish green [10G 42} glauconitic laminations in lowsr
3 Textura: £ n part of Section 1. Nannolosil oore is light aray (N7) 0
T Sand B |3 g . wery light gray (NB1 wah light olive gray 16 /1] and
¥ st ®» W é 5 e weenih gray (GY 6/1) stresks, Nannofossit-foraminifersl
g .E Clay 0 5 b= L L coze Iv bght gray IN7) 1o greenish gray (SGY B/1) with
& Compoitin g 5 5. sarme darker stroeks, Corg very deformed by drilling
B E Ouarez 5 1 - 1)
Mica 1 2 2|3 b SMEAR SLIDE SUMMARY (%1
Clay 81 56 = | £ 2 1,13 218 2144
Carbonats unspec. 5 ] 5 H - ] " L L]
Foramenitars 5 5 -g i Taxture:
Cale. nannofossils 20 30 = AG Sand 1 % W 5
Diatam: 1 - s st @ B W B
g:lulu';:‘ : - _|_:‘-L_ y Clay oM ;W
nge ykcules 1 ] = Composition
] .|."'.|._I":_L. Clay 3 4 ;W
3 E e, 3 =k = * Valcanc gl a - -
22| e K =] | Clinebnite - B =
a _E Pyrite - - 0 =
= : Carbunats umpec. & s 5 5
F Foraminifars 1 5 20 5
Cale. nurnedoesils 20 i 20 a7
é Dianarm = - - 2
Spange ipicules 1 1 - 1
Pramt debris =) = -
Dolamite -
3,36
Texture:
Sanid -
Sil -
Cy -
Compasition
Gy 5
Valcanic gliss 5
Glauconite -
Pyrite =
Carbanats umpoc. &
Foraminifers 10
Cile, nannofossits 785
Diatarma S
Sponge ipicules -
Plant debris T
Dolomite T
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SITE 540 HOLE CORE 1 CORED INTERVAL 0.0-45m SITE 540 HOLE CORE 2 CORED INTERVAL 45-14.0m
] FOSSIL 2 FOSSIL
« |2 CHARACTER . |Z CHARACTER
g Su 3 g| g GRAPHIC §.. R HELE gl g GRAPHIC !
8 1 3 2] | aearmic, LITHOLOGIE DESCRIPTION S EHHELE E[ B | UTwolooy i LITHOLOGIC DESCRIPTION
A HHFHRUE TEF e HHEH BB +EE
] 3 E T2 |3 =
B HE = 5 =g g g 2|z E &
5 FRES B = e = |8 3 -
= o
— N i s g ot I
NANNOFOSSIL MARL, light ciive gray (SY 6/1), medim 1=, 4+, . NANNGFOSSIL DOZE. light gremish gray (56 8711 10
P wray IN8) to olive gray (SY 411} with some light yellowish osa pate green 110G B72) with scatteved patches, stroaks, and
brown (10YR B4} patches and wreaks, Inteevsl of pate _I__‘_J_J_-L cefarmed light gray INJ) liyass, some mhesich. Presopods
N ween (10G 6721 semwlithified NANNOFOSSIL OOZE 1 il i St comeaon betwesn 110115 em in Section 4, Sectiom 5-7
occurs 8t 70-80 em, Section 2. Ooze is aho mixed with |—_‘_-J-_I_—|—J_' have some grayish orange (10YR 7/4] yiresks of clay and
10 marl trom 50-124 cm in Section 3. Intensa drilling detor S R paiches of dark biue green (586 312} glawconitcl? clay.
B + of matian, 'J_'L.L_'LA_' 1 Ietense drvlling deformation throughour.
j St Mt B
SMEAR SLIDE SUMMARY (%1 T SMEAR SLIDE SUMMARY (%)
= e LG Lme 221 2796 = ol Vi St LM 12 2,77 B3 ?.S\I
& o 2] o M 4 e o [} o D M D
Toaturn: :_-L_J_"'_LJ_ Componition;
= Sart 5 10 5 - H Cuiartz 1 ! Te
i == =2 ¢ 3 | T S
B 2| o i on wowmw o [ e SR " Hoy minerly L] - =
3 [e) Composition: :.'.J._"'.L."L.A_ Ciay 2 5 5 — 12
o g T Ouartz s o e Voleanie glass n T .
z (] Mica e - Te = -1 -l-_;_J-_J_,J_ Glauconite - - T
= 1 oG Clay a0 30 28 a0 j'..LJ:LJ_J_ Pyt . - 5 5
AG ol M Volcanic glass 2 - 0 Tr _‘_l__‘__l.._l_.l— Fowdariinitan T T T
3 Glaucanite > = % "a _"_l__‘__x__l'_x_ Calc. nannotnsity L) a2 bl L
[e] Carbonate umipec. . g " = il Bttt A Diatomt 2 T i &=
Foraminifers 5 0 e Gupgt By Balomita i T T
o Cale. nannofouits 45 40 80 45 e B it e Tunieate wpsculos T
= E| 2 (o] Dintorms 1 5 H - 3 =y
£z Aadiolariam \ Tt Tr = e N Tl
P
8 o} Sponge spacules ™ T T - B T il
= Ul agl AG (o] Pant debirit 1 - ‘.‘J“.l_“‘.l_
= — Preropads Tr = = ] _I._L.I__L_L.
Tunicate spicubes T Tr - -‘_J__LJ__I_J_
Diolamite - - = J [ S St
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SITE 540 HOLE CORE 3 CORED INTERVAL 14.0-236m SITE 540 HOLE CORE 4 CORED INTERVAL  23.5-33.0m
g FOSSIL 2 FOSSIL
* |% CHARACTER « B CHARACTER
M EMREE E|E | chaemc |3 g ﬁw?l'-" EH gl g
|§ EE ; i 2 ElE | Jooey L £ LITHOLOGIE DESCRIPTION HAEH T £l & LORATHIC LITHOLOGIC DESCRIPTION
R HEHHREE +EH R HHHERER 130
£ 15 HEIELE & 5 ER HHE £ = H
s [Clzld]a 3| R HEHHE 3 E
B ol gyl g e —]
G B Bt g Ty [ B R — |
e B T Vg 81 NANNOFSSIL DOZE, light greenah gray (5G 8/1) with i e | B
Tt - very pale geeen (10G Br2), light gray (N7) and very pale —I_I-I.T—.I.'—h—' P NANNOFDSSIL CHALK, light gresnsh gy 166G B/1]
05 o Thgeh gl B l orange (10YA 872} stresks and patches scatteved through oSttty t=— with scattered light gray (NT] 10 dark gray (N3] pyritie
1 e i cut, Comenan dark gray (MBI pyrite spots throughout 3 T ey Taminations aog tamow fik, pata green (106G 672} patches
efrla el =l s Thiin medum light. gray (N8I VOLCANIC ASH Layer i S E——— | and pate brown (IOVR B/3) mottiing ard bands. Pale
o] Sectian 1, Ooae lithilication i varisble throughout; some 10 § it e w1 I boown band a1 17-21 cm, Section 2. Cars is stiuly
- —l—J_-l—_LJ- [ ploces hava lirmness of chalk. Maderate 1o intemia drill- e e e ey s Hirhitied cralk and coze. Generslly homogeneous, Moderats
:-_L-L‘_I_'J“.I_- ing deformatian, P - | drilling dufarmation
T 2T B o e e
4= T SMEAR SLIDE SUMMARY (%): o e g 1 ORGANIC CARBON AND CARBONATE (%),
 p= Bed T H
ot el | | 1,38 2,72 2127 4,74 s | 350
o gyl Sl B '] o [+] ] g O 1M e i Crganic carbon -
_':‘_;_:_'_._:_;_ 1 Composivn % 3 e e Corlsrate &
AG - q By - - P —
2 ot B B iy l . Veteanic glas. £l T - T 2 —t -tk
A e Bl . b by ST A T
Syt P 5 Pyrine = T - m r—
44, 4, ] Carlbonate unspec. T 2 ) 4T 5 o [
o el A L] 4 Foraminifers - 1 2 Tr 31—
g e Ny BT I | Cale. nunnatossils 2 89 66 @8 e e |
3, =, =, Diatoms. - T - e T 7T
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540 HOLE CORE & CORED INTERVAL _33.0-425m SITE 540 HOLE CORE 7 CORED INTERVAL 52.0-61.5m
g F 2 FOSSIL
E & |_cHamac « |E CHARALTE
MAE 5 z| =» L g |z.l=ls z2| w
= 4 I GRAPHIC 5 EMTHE g =
12 |ES|E § z =l & | Urvoiosy LITHOLOGIC DESCRIFTION EEleE| 2 Bl E L‘fmmc z LITHOLOGIC DESCRIFTION
wS|zn _(g gle -] - 2 |an|z 5|4 1.06\'2 o
A HHHHE - S SHHEH LB £
a g = F -1 =
A HEIHE s FRHHHE 3
=T 0
=l A == || |-
e . NAMNOFOSSIL CHALK with FORAMIN | FPlag - NANNFOOSSIL CHALK, pale green [10G 52} to whits
0. o — IFERAL-NANNOFOSSIL CHALK, NANNOFOSSIL and A s 1 [N9] snd very light gray (NB) with scatiersd block (N1]
B ) | e FORAMINIFERAL MARLS and SANDY MARLS. Chalks i T | pyrite spats Pale green chalk comin mostly st hin lavers
1 g s e arn light groenish gray (50 B/1) 10 grounialh gray (5G 8/1) § 1 ;w | that wre burrowed, Chalk i varisbly lihified: some o070
i oy g vy e ) and pale brown (10¥YR 7730 with seattered Burrews amd = e alternations, Slight to moderate driliing deformation.
m—_—H"%'T* dark gray (N3] pyrite spots. Marts are light ofive brown (5Y el ey RF S s o Pain green CHERT layar in Section 1, To:gﬂrm of core is
B ——— &6 to pale groon (106G 6/2] and dark greenish gray (5G = s | pale grasn NANNDFOSSIL MARL. Sharp color change to
= T Tane 1 a 4/1) and burrowed, Sand in some thin marls i mosily fing 2 X I R wery lght gray chalk befow at 32 cm
[ m—— sand size subargular quarts; most sandy mars s light 4 | e e
=== olbee brgwn. Moderate drilling deformation, J—— | SMEAR SLIDE SUMMARY (%):
g E L et waear P M 1,108 488
8 3 P o SMEAR SLIDE SUMMARY (%) i o ——1 ] o D
= T I 1,60 1,137 2,109 3,40 8 bar e e wa Compasition
g 5 = ! o o M D 21 o s o e | Cluy 18 1 k]
v g“ur\po\hm: ) i i . 2 1" Volcanic glass Tr Tr T
; (i . .umlnarm o 1 - g T TR M Cnrwnl_: urnpec -] 20 5
ey A 3 Feraminifure ] 1 10
Clay 5 5 0 30 PR Cale. nurilosils 0 5 82
;ﬂlumcum - = = ;r e v e T | Radiclariany T T e
vitn = " - v T T T— Sponge " 1 3
-z . " Carbonate unspec, 54 44 0 4 e o W o
= 3 ey ‘ . ::Im"""": | g i 'g % e | ORGANIC CARBON AND CARBONATE ()
2 £, natmofossils a 1,4
238 e B Diatoms - L - e s e e Orgonic esrhon
== Fudiotarisns T - - - S ¢ Carbonate L]
Sponge spieibes 1 Tr A 3 3 —t.l.l.l
Dalomite - E 1 g i [ — ———
o —
ORGANIC CARBON AND CARBONATE (%) g' T e v e
180 2,100 2,120 320 c et ——— I
orpmiesehen 8 o Z i
Carbanate 0 a1 2 42 -
3,51
Ovganic carbon =
Carbotnate a7 o
4
CORE & CORED INTERVA 425-52.0 m
C I
§ CTER = oa
e, |52 gl & T —
V= E £ El 2 Py o LITHOLDGIC DESCRIPTION ot
g HE R EEES o - o |
] 3 g = == 5 B T BT
HHHE = IH esas
14 HEB B 25 D |
] AG| AMj [ee— ity
£l Intevbedded NANNOFOSSIL CHALK and FORAMIN-
05 IFERAL NANNDFOSSIL MARL. Chalk i light greenith
= B} s W 1A " gy [5G B/1), indistinctly layered in part and burrowed
g 1 g + Marl i light oleve brawn 15Y 5/8) und bt rowed, Thin leyer
F _ ¢ of medium dark gray (N4) VOLCANIZ ASH in Section 2
. 1.0 l . Muderate deilling deformatian. Vasiabdy b fied.
g —_— I 1 * SMEAR SLIDE SUMMARY (%)
E |2 L 1,50 2,12
o2 e | 5
zZG el T . [+ Compenition:
Duartz - 3
Hoavy mrerals = T
Cloy 8 -
Voleanic gl T o
Pyrite - 2
Carbarate unspec, ag -
Cale. nennolossil 82 -
Radialarians T -
Spange ipieube 3
DRGANIC CARBON AND CARBONATE I'%):
1,73 1,106 2.8 CC.6
Dwganic carbon - - - —
Carbonate B b 62 78
.8
Quganic carbon -
Carbonats T2
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540 HOLE CORE 8 CORED INTERVAL SITE 540 HOLE 9 CORED INTERVA
=
o FossiL 3 0851
z CHARACTER £ CHARACTER
% - § E I ] z| w
Eul|E|Z|2 & H
EHE g2 gl & sz LITHOLOGIE DESCRIPTION £ 2z E: gl & LITHOLOGIC DESCRIPTION
R A oo 23 - w3 |ZN 3 Qo o ] @
E°3]5|3(3] | ¢ o B g!* =TH
& 22 = - z 5
ERHEEE FE S H 3
= - F = |0 gz e o = |o :
1T |
" ! NANNOFOSSIL CHALK, white (N8} tu lghi grosnh .::!:?ﬁ?:'.:.ﬂﬁ:&.:ﬂ?:ﬁ::ﬂ Il?gf :’::
05t fray (56 8211 with YD Tdcall ate """‘";':G'E?' 66 B/1) MARLY bands -3 4 cm wide and some vary Iight
n | patches and fight aray (N7] Pyt dpotd (hreoghout geay [NB) mattfing throughout. Thin layer of medium gray
1 3 Grayish layer ot 2023 em, Section | probuebéy contam
(N4} VOLCANIC ASH in Saction 3 and pateh i Section
: wih. Grsenech gray (SG 6/1) CHERT @1 131134 em, 1. Chatk s variably lithified. Slight drilling deformation
10 Section G Chalk o watiably Lthified, oare frmoes o - . .
+ alsces SMEAR SLIDE SUMMARY (%1
SMEAR SLIDE SUMMARY (%): :6& :m :aa
n )D‘w ;W Texture:
T . ) Sard 7 10 -
E Empesition il BR 3 100
1 Clay T T
Cuy 8w -
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P —— T : it 173 2
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Rasttiolas g T A (] 1 Glauconite - T -
Sponge spicuie T 7 1
Pyrite ~ = 20
1 Carbonate unspec. 10 1o -
ORGANIC CARBON AND CARBONATE (%) Foraminiter T o -
3 Cale. amnolossily 76 aa 20
T Organie carbion z Radiolarians - Te -
3 Carbansta I Spangs spiciles b 2
i
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: H 2,82 482
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E 2
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SITE 540 HOLE CORE 10 CORED INTERVAL  805-90.0m SITE 540 HOLE CORE 1 CORED INTERVA 90.0-98.6 m
2 FOSSIL e FOSSIL
. |% '_cuamc'rtn 5 H l__cmnncr:n
g, [BulE gl g MBEE HE i
=e EHE é 2 E L?,':;f[‘;ﬁ, LITHOLOGIC DESCAIPTION e ES H g E £| & Lﬁmar LITHOLOGIC DESCRIPTION
MRS HEE gl s F =M e R HEE IR EEH
£|E |3[8)2 g | = 3 = £T0E |2|z2)¢ E
E 3 = H =18 |2|2|5|% &
g [E]3]5]3 FEH A HEHEHE 3
= T o e | i
+—+—+ '
O EOL r FORAMINIFERAL NANNOFOSSIL CHALK, light green
e | FORAMINIFEALAAKOROCSTL EHALK Wbt i Tt it gray (BGY B/1-5G /1) with scattaredd madium 1o lght
05—+ Kb i 15G1E it 30 8031, howmgenivoa With wmd S o5t gy [NT-NS| pyrite patches Generally homogentous
+ i durke gray (N4 pyrite satches and thin, ind-tinet grasnidh 4 ¥ | o Foistomicsieioy] ot b
W ! | » way 15G 8/1) scattered theoghout. Diive gray (5Y 4/1) 1 Lo i v that are yeliowish gray (5Y B/1) 1o light olive gray
VOLCANIC ASH layer m Section § has shanp tume aid + \ RVAIY. Bonscal thin: Btretuveed isevals G QRaomSh uPRY
1.0—har burrowed(?) gradational top Derk .gmnllh wray [5G 4/1) 1_9,._ N O BT St AL ofltt o T v Sactiof 3,
ek - CHERT noduls a1 2122 om, Section 5. Possibie burrows ] Scartered macim light pray (N1 10 dack groenisn gray
+— : | in chert, Chalk is vanably lithified; soft voze in places | o AT e DL GANIC: A ke shiro, Sascs
- oo : e el snd busiowed, gadationsl tops. Thin gresnish gray (5G
! Tt | SHEARSLIDE suu:u.::v [!:“".-s 55 L v 8/1) CHERT band in Section 2. Chalk 15 varlably 1ithitied
it . 3 ] — - J
+—+ b
= | — ) o e e srwwrs W SHEAR SLIDE SUMMARY (%)
L3 + T Composition: - + T " J’_. i 2,85 4100
ras | Ouartz 2 2| = s i} " o M
2 L e + Falchpar - = T — 1]} Tt
' H Bty
oo 5 W g S T e
L | Clay w oW 7 | £ .
Valcanic dis a8 il e 2
2 Foraminiten n 5 Tr 3 .
- : T ] Cale. nasnofossils 68 63 5 | g-;:;::mmn. . .
5 P+ — Rediclartan - T = - . il = ]
o - ] Sponge spicul 2 2 - v £ =
z = | _ 3
= LIS, § 4 — Glauconite = U
= s ORGANIC CARBON AND CARBONATE (%) ; ] S T
3 e Foraminifers 1 1
i Oganiccrbon. - p
S Cade. nannotossily T8 52
B e n | t o . S ‘
2 pd § — ORGANIC CARBON AND CARBONATE %)
A —1 i 1,113 4,109
L + = i Drfjanic carbon - -
e | = = Cartsonate 0 61
n
3 - ; |
e - d
4 : l o H = |
t ; |
E E = | s
= : 1
- b - H
' |
5 e T
T ——+ +
fac|aG ccl & ———t ' = .| )
Tt L sal
5 e e O 1]
= et | i
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540  HOLE CORE 12 CORED INTERVAL 99.5-109.0 m SITE 540 HOLE CORE 13 COAED INTERVAL  109.0-1185m
] FOSEIL FOSSIL
£ CHARACTER s CHARACTER
MOAEE E| g = MEIEIE E| 2 o
S2 H S| & GRAPHIC L EH = 21§ GRAPHIC IC DESCRIPTION
= ] 3 £ o Nt LITHOLOGIC DESCRIPTION e 1HEEE H i LiTHoLoGY |, E LITHOLOG
zhlz g« 2l K ﬂ gz =4 g £13 g |z 2 -
13 I = = = b}
AHHHE S R =
= § HEH E ; 5 |B|2|2]5 e L)
H FORAMINIFERAL-NANNOFOSSIL CHALK, biuish white FORAMINIFERAL NANNOFOSSIL CHALK, light gresn.
158 B/1) to light eensh gray (56 8/1) with scartered ish geay 156G B/1-BGY BY1), homagenccus with grayish
[ medium gray (NS] pyrite pasches and faint light greanish pyrite wrsaks wnd indistinet borowing throughout, Plang.
geay laminations. Bunowed throughout wilth comman Tinms, roophycos commaon with some chondritesfype bur
| zoaphycos. Thin olwe gray (5Y 4711 10 medam gray (NS rowa. Several thin mediurs ight groy 1o light gray INB-N7}
VOLCANIC ASH layers ooaw spuiadically and 3 thin VOLCANIC ASH lavers and patches throughout, Chatk
greenish gray 156 B/1) CHEART band i3 in Sectvon 2. Chert cantains scattered and nlensely bioharbated greenish gray
| aho formi a nodube in SILICEOUS LIMESTONE a - (5GY B/1) bands that have up to 10% tiner quarts ssnd
p, top of Section 4, SANDY NANNOFOSSIL MARL st e
! HH cm, Soction 3 containg common tand-tize Guarts graind. _ L SMEAR SLIDE SUMMARY [%):
1L Chalk in this core @& varisbly Hithitind with some soft B : - ) LI 2,11 4103
— -~ portians. o . :.'{ + n ] L
| I + Texture:
SMEAR SLIDE SUMMARY I%): . ¥ i N a6
| . 2% .7 A7 332 % ] ¥ s - 7
M D L ™ + + Clay - - 5
+ S Texture: i hons
L 2 + + vt ] Compoyition
+ s Sand 20 o 15 50 u n Quart - 10 5
- 1 | siit ] 3 75 50 T Clay [} % 5
- & { Cay Tr 5 10 - —t i Glaucunite - 1
& — I L Composition: = :'“ Carbonate unipbe, - - 10
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+ Faldipa ? = 7 1 LIS [ = Cale. nannefousih 75 44 o
2 & ] o Ciay T s 10 As B ——+ )
g a s [ Vatcanic plinss 95 - - - 3 - e — ORGANIC CARBON AND CARBONATE (%):
B 4 L1 Gluconite - - 1 =+ 1 2,38 2,83 4,103
o | — Pyrite 3 = = L : L3 i = Drvganic carbon - -
= 7 Carbonate uripec.  — El " 40 L Carbanate n B4 59
= ] |1 Foaminites  Te 10 15 28 ] 1
Calc. nanvotosils  Tr B 10 = |
] A Sponge spicules - T 1 - |
| - Echinoid pnes - - Tr = I
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SITE 540  HOLE CORE 14 CORED INTERVAL  1185-1280m SITE 540 HOLE CORE 16 CORED INTERVAL  128.0-137.6m
o
g FOSSIL 7] =
= ; CHARACTER “ E CH, ﬁsl“:‘
4
8 &. E 412 z b3 > 8 = " : = -
o S ol e G wl@ - >
£ HHE 2 2l g Ghapuic 34 LITHOLOGIC DESCRIFTION i i g 2l | Smanec LITHOLOGIC DESCRIFTION
gS|ENIEIE2 (2] G| 8 222l g MR FLH R g(g EeEd g
Z 05 |3 g HE. E+F E O R - L B
o = = - z =
M HEIHH FEEE 2 |52 § H E §
—
e Y
FORAMINIFERAL-NANNDFOSSIL CHALK, light grean 3 + : + H
ith gray (5G R/1) 10 white (NS} with scatrered inditinet T FORAMINIFERAL NANNOFOSSIL CHALK, light green
» wreenish gray [5GY 6/1) barels and laminas. Chatk v 0.5 + ah gey 1SGY B/1-5G B/} with thin, bustowed greeninh
butraved fhroaghouts burrows dissloyed (et whare thin, ] e giay (SGY B/1) sencls and light ray (N7] pysitie thaco
darker bands provide colar contiast. Pyrite patches and 1 -] = atiom. Groenish gray bamd st 52 -60 cm, Secton 3 @
blebs comman, Zoocphycos poou sporodicelly, Some Tauited andt tilked, one safsce hes slickensides. Che
indistint Isminations and color banding a1 140145 cm, 10 + sickanidan ssrtaces ond froctures as nared, Borows som
Section 3 Thin layer of mednam light gay (NG VOL . man thaoughout chalk (planolites and some chondsitesl.
CANIC ASH mixed with chalk by busrewing at base Sec- 4= - Suction & has severat 1sntly stylabitie pyrine oo
tiun 6. Top of this layer appeers 1o De funcated with lates +
Earrawes putting it + Y SMEAR SLIDE SUMMARY (%]
7,80 3,045
SMEAR SLIDE SUMMARY (%i: — | 4 il "
1,50 = . e Taxture:
Companition 2 | I i :m ;: n:
Clay 5 1
Cale. nanrotossiis B0 L Clay 5 5
Foramnifers 15 ] Composition
y ! tay 5 5
DRGANIC CARBON AND CARBONATE (%] b yor A 10
i | Cautenptoumipee. 40 10
Organic carbon - _ | Fosminiters 15 5
Carbionan 81 w8 E =} H Cale, nanootossiy 40 80
= ' +
=] 3 .
o
= 1 * ORGANIC CARBON AND CARBONATE (%11
] 277 3,87
. t Orgaic: carhon
o ll Carbonate B7 a
m e
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H L]
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=ah
= = ——+ N
i Lz
] .III 29 5 i :\‘-
1 3 + Fal H
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SITE 540 HOLE CORE 16 CORED INTERVAL  137.5-147.0m SITE 540 HOLE CORE 17 CORED INTERVAL 147.0-156.5m
g FOSSIL g FOSSIL
« [Z |_cuamacten | 5 g |_cuanacten
S |5x|8] 3 38 M AEEREEE
S EHEE § gl & | Raamc, | o LITHOLOGIC DESCRIPTION 1 HEE HERE LITHOLOGIC DESCRIPTION
PEA R R 3¢ T BEEd e g3 |2V 2] 5|3 #| 2 Tk
70z 5(82 = o e £ |5 |3z K E £
R HEE FEH R R
2 |Z|=F|=|d 3 o= HEH B
L2 L L — 1= L] —
f ' FORAMINIFERAL-NANNOFOSSIL CHALK, light grew T + " FORAMINIFERAL-NANNOFOSSIL CHALK, light green.
=] g -4 ish pray (SGY 8/1) with scattered thin, burmowsd grasnish 4t (i ith gray [BGY 8/1-5G B/1) homogeneous with some bur-
0.5 - tny (5G B/1) 2ones. Laver in Section 3 ot 50.cn Is greenish 05 ¥ it Tenw. motiling and scotiered greenish gray. (5G 6/1) bur-
1 ;& gray 1o greenith bleek [BG 2711 SANDY MARL with com. 1 B 3 mwed 7omes 3-5 om thick. NANNOFOSSIL MARL at
I L1 + mon sndsize quartz graine Fine wndeze quarts #ho N %l base of Sectien 3 it burrowed, Thin tnyer of medivm gray
1.0 \ eceurs it lighter chalks (eg Smesr Slade 3t Section §, 1.0 T ING VOLCANIC ASH In Ssction 2. Chalk i Taintly lamin
t = 0 emb. Mixed light gray (NG, burrowsd VOLCANIC ASH ated in places and burrowed throughout, Indlingd indistnet
and CHALK Layer oocur at tep Section B Chalk in genaral N i laminations socur at base Section 4 and faint slump folds in
contans same taint lamenatiors. Inclined taminationd in - b Section B, awa of one fobd is pynitiaed, Large gyntic patch
- e Section 4 dip in ditferent directions in single plece; dip + (purplish gray) also occurs st 40-46 cm in Section &
B =45 [slumpsl, Micratsulied marly tayer pccues below ash in Section 2.
1 5 Zoophyeos comman and well developed 3t 110 cm Sec-
+ | SMEAR SLIDE SUMMARY {%): ?‘ * tion 3.
: | 5,20 T i
2 4 L] o 2 ] il SMEAR SLIDE SUMMARY [%):
W Texture: " .30 2,42 6.25 6,127
+ 4 Sand 40 -] 4 D M
+ A St 80 85 x Comgosition:
t Compenition: . Clay - o 5 15
= t Ouarte o Tr Vaolcanic ghass = B0 i =
-, M Glaueanitz 2 Pyrite - 5 - 1
Pyrie 5 - LI Carbanate unspec. 20 - 20 &
Carbonate unspec. 20 45 o e i Foraminifon 10 20 20
HHe Foraminiters s + Lo Cale. mannotousils 70 § 85 s
3 ¢ Cale. nannotossils 47 40 n 4}
3 'l:# al 3 - g ORGANIC CARBON AND CARBOMATE (%)
B u | - ORGANIC CARBON AND CARBONATE (%) i W 3,18 5100
s [ F 3.83 670 4 i Orpniccarbon — -
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SITE 540 MOLE CORE 18 CORED INTERVAL 156.5-166.0m SITE 540 HOLE CORE 18 CORED INTERVAL 166.0-1755m
2 FOSSIL H FOSSIL
P CHARACTER « |E ¢
g |=.02]%9 HE: 8 |=ulel=ls z| w
£ =] 4 cu|E| = gl =
LR HE § E| B | Wheruc,. | B8 LITHOLOGIC DESCRIPTION TE|EE|E| 4|5 E| & | wecoer | oy LITHOLOGIC DESCRIFTION
ol A 3 gl g E 2 w3 2N 2 H 5 g gl 2 £ £ |gE
2 |E |2|2|38 FEH = |G |3|2]2]2 F § e
=1 4 ] 5 = <
HEEIHE EeEs ERHEIEE 3 &
; : i " NOFOSSIL CHA h $
1 + 2.312";::: a;l '-':SNsrﬂ Sisms :m..hl:.:%slvn;ﬁn-' - FORAMINIFERAL MANNOFOSSIL CHALK, light green
057 SGY 8/1] bands and beoturbated Gyens 2-6 cm thick 05- = I gray (BGY B/1-5G B/1) with widely wacsd pals gre
1 H + Soma of the daker green layers are NANNOFOSSIL 1 : M ;- |:r:'n 15GY f.'n {uwlgﬁlrls:-le‘ |I\Ium=|:dlu:.lnllllllﬂl
u i MARLS and the thin laye st 70 cm, Seetion 2 i a SANDY 1 s il 4.°rwunu. aray Brusrrenan -\.-:::3 are
1.0 MARL. Lighter chalic it miced with these darker leyess 1o :'.:NN znssn MARLS & rn::m O Layer at 3o
B - by burrowing. Zeaphycos w comman; abundant 81 top S tion 2 coneins detrital sandsize guartz graini i
; i dbabin opn £ ¥ patch of VOLCANIC ASH at baw of Section 4 Greenish
tion 4. Pyrite 1pots scaltened throughout. 0 gray CHERT nodules an base of core. Wavy layoring snd
1
IDE ¥ (% ot slump folds common in Sections 3 and 4 and wmall micoo-
bl BUEARSHID SUM;”:S ‘3’3‘3 i 1) laslted layer af pale green chatk accurs &l top Section 5.
w oo Y e SMEAR SLIDE SUMMARY (4:
Texture o m T 7,133 373
+ Sand M D
2 - Silt 30 76 2
Qay - 1 7 Texture
p jiroe n Sand n =
i it % 6
Quarntz a0 - [=!
ES '3 . ay 5 5
2 = Composition:
8 voio e e L —— Quartz 0
= : T Mica 1
=3 Cale. annofossily 20 L] By Heavy minecali Tr
=
5 ORGANIC CARBON AND CARBONATE (%): —H (%M :\"'rr“ ? &
- o
3 Drganic carbion L. § 3| gty e |t f"w"";”""'“' L
= - araminiten
R Carbanaie w e kS L Cole rannofowsils 43 60
i " S o .
— 2 — — |4 ORGANIC CARBON AND CARBONATE (%)
ar | 2 P ot
t + L7970 578
] Lo T —+ ﬂ Cirganic carbeon - -
L ~ 3] Carbonate B4 ]
L i t - T
|' aar -3 + + (el
a —— alt 4| I+ — —l~
L ITH 4 s - ¥
i ++ t
| - il
=R ] oG
5 2 = B
AG|AG cc —1 i e L[4
—t i 15
et -]
s|  Jeee -
s = Adplnadapt i

0vS ANV 6ES “SES SHLIS




6E1

SITE 540 HOLE CORE 20 _ CORED INTERVAL 175.5-186.0m SITE 540 HOLE CORE 22 CORED INTERVAL 194.5-204.0m
2 FossIL E FOSSIL
§ ; _|::n RACTE S E |_crianacten
FAE z|lw g |= B z|w
gu = o wl glalg >
== 25| ¢ 2l s DAL EH LITHOLOGIC DESCRIPTION &= Eg HELIE o1 5 GRAPHIC = LITHOLOGIC DESCRIPTION
43353 TRHE uTHOLOGY o ZEE ) Jox HEEHEE G| § | umorosr LS, [e!
= = = - = w =
=18 (3] 2] @ EE & 7127 5[ 5[2(3) | &+ &
F g HEE EE § s H HELE =P 33|
CRHE G I - i AHEHHE FEHE
i i
A | FORAMINIFERAL-NANNOFOSSIL CHALK, light groen 2
T —— i 1 FORAMINIFERALNANNOFOSSIL CHALK, vary light
4= rmarm Wh gray (56 &/11 with some pale green (106G 672} bur-
+—+ + = gray (MB) to light greenah gray (5GY 8/1) with & thin,
e T e Poinee Inludotli -6l i i S at the daiiar of shasa g’ £ te burvowsd VOLCANIC ASH Layer m 56 cm. Buiom
1 Tt | Fundy: g MARSS, Pl iyne Burigwy conmes, = s enmmaon throwghout. Core beecciated by drilling,
———t— i Zoophycos alto presant. Core it beoken somewhar by drile g i} P P voID
kT - ing. Light greenish gray FORAMINIFERAL LIMESTONE = AP
W] ﬁ ] I occury aF top Section 1 and & grayish gresn (106G #/2) SMEAGSLIDE 5“":‘:5" e
7 —t : - 1 CHERT nodule Is alio in Section 1 M
— -
] ORGANIC CARBON AND CARBONATE (%1 s:m -
—+
T I 1103 2,78 S -}
ey T Organic carbar - -
. L GirEonat 56 &% m:lml i
H 2 = | Volcanic glass a0
g = 4 Carbanain unspes. 3
8 b= ; Foruminifars 10
g —t | Cale. nennotosslls 2
3 +
- . . ORGANIC CAREON AND CARBONATE (%)
§ 1,46
: 113 Organia carban
‘ = f Carbanote @
t |, H
3 —1. SITE 540 HOLE CORE 23 COMED INTERVAL  204.0-2135m
Nt —+——+ 2 FOSSIL
. e » |E |_cuaracten
+ 2 |z
= N EMAFE z| 2
- e |88 2 E = GRAPHIC
—— i .‘;ﬁ : H E|E | umiowosy UITHOLOGIC DESCRIFTION
4 B o = | eS| b 4l
= I e S - = = 5 = kol
=18 (8|32
SITE 540  HOLE CORE 21 CORED INTERVAL _ 185.0-1945 m £ EiS —
g FOSSIL —F
CHARACTER i FORAMINIFERAL NANNOFOSSIL CHALK, light green
5 E . 1 i + it gray (SGY 8/1) o very light gray [NB) with several thin
- M EE Zl & | crasmc B 057 = | | burrawed Bandh of qroenith gray [5G B MARL &
1 EEIE | E | urnoogy o LITHOLOGIC DESCRIFTION 1 - ary marked, Chalk endd marl ae Taintly laminated oo layerd
T EEEE g% 23z s EE — n ploces and busrowed thraughout. Light gray (N7) chalk
2 B |Z|¢ 3|z o 3 aned VOLCANIC ASH mixed by burmowing occurs in 1op
2 |B|=2[3]8 3 2 Section 2. Thin oliws gray (5Y /1] chert bnd in Section 3.
. T [ J; Core s broken and bercciated in places by drilling
. hidaeon! .
————+ 5] FORAMINIFERAL NANNOFOSSIL CHALK, vary light SMEAR SLIDE SUMMARY (%):
4 - " gray INB) 1o light gresnish gray (5GY B/1) with soane e " 2,26 280 3% 4N
051+ - | 23 om burrowed bands snd layers of grennion gray (5GY M D P D
1 + —+ * fi/1— chalk: most censpicuous darker, burrowed zons is Corpaskiions
3+ —H . al 6489 em, Section 2. Color of chalk varies somewhat in h pahis % - - i
104 Section 2 ta light olive gray (5% B/1) and hght brownish 2 Clay 6 B & -]
i l gray [5YR 071 with common bumows. Core (s broken Volcanic glass am = Tr
L0 T inta drilling fragements, Carbonate unspec. — 15 5 15
S —t— . Foraminilers s % s 3
g — 4 SMEAR SLIDE SUMMARY [%1: H Cale nannofossi 12 50 42 4D
S 4 = . 2,65 CC.B Brongethicahy = 5 =
= . e M D &
2 —— | 1 Compoltion: 9 4 ORGANIC CARBON AND CARBONATE (X):
= .l . OQuartz 3 Tr = 1,46 3,26
2 = h ——+ 1 y Heavy minaraly ¥ 5 F o Crganie: corban -
= = Violeanic glass 0 - Carbonats bl B3
— - Carbonta unspee. B -] 3
< z Foraminifers 10 1
& = Cale. nanrnbossin 11 Bd
& 1 = ! . Radiolariam b - . -
s bt | Sponge spicules. — 5 i 0G
TS 0 T T | 1
ORGANIC CAREON AND CARBONATE (%) i o 1]
1. 68 1"
Organic cartian - + (1}
Carbonate B4 4 }
.
t
= J=
i + r
e p r L
o= ]
L] | | febameeeee] |
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CORE 24 CORED I!!TE AVAL  2135-223.0m SITE 640 HOLE CORE 25 CORED INTERVAL 223.0-2326m
2 g FOSSIL
§ 5 % |2 CHARACTER
=.lg]l3 2|l = =z =, lu2l= z| w o
G = 3| = ... Buwl2]2 gl &
TtlcE| s g 2|z | Ghpeme | gEE LITHOLDGIC DESCRIPTION 1EIEE é £l @ | Baauc, H LITHOLOGIC DESCAIPTION
w3 |En| 2| 2 ol & = P e ‘Z 2Rk z gl w s g
S EHEE R Esrl g et aCAHEHHREE 2o g |2
E R EEIE == %%s CEREIELE L EERE
FEHE H 6 8 5 g & |2|2]|3 |5 B 3 |38
=== N o i
o e FORAMINIFERAL NANNOFOSSIL CHALK, vary fight ¥ FORAMINIFERAL NANNDFOSSIL CHALK, light groen
————t— gray INE] 1o bluish white (58 0/1) with darker light grosn A i#h geay (SG B/1) with cammeon burrows, Burrews best
5] v h iwh gray 156 B/} widely spaced burrawad fones Several 0.5 L soan wisare pale green [10G 672) chalk i minsd with fightsr
tayers of burmwed gresnith giay (6GY 6/1-6G 8411 AG 1 + It chalk. Cheotic greeniah groy [5G 6/1) mised chatk snd
% MARL and mmedium gray (NS] and dark greemish gray (5GY : i VOLCANIC ASH rone cocurs af —100 om, Sectien 1
' L /1) CHERT {nodulin?] scattored throughout. Sump falds 1.0 KU I Bolow W @ thin graded and busrcwed ple green intarval
—~——f—— | eommon in Sections 2—5 in chalk — ~5 em thick. Abwrdant thuma folds in chalk of Section 3
PRI onaf - and 1op Section 2; micratuults are In top Section 3,
+ —— ORGANIC CARBON AND CARBOMATE (%): N ¥
v = 354 3,82 i SMEAR SLIDE SUMMARY (%)
P Crganic carbon - (AM T 1,100 1,122
: - Carbonate & 38 = M [:]
r al = - Camgianitian:
i - 1 Cuarte 15 T
" e | 2 + Felckpar 2 Tr
] Mica c g
= -] Heswy minorals = ™
o . t Oy - 1
g 4 Valeanic ghest L) 1
o E Catlxate uimpee. Tr a8
et H Foeaminilars 2 %0
i T o Cale. anngfossite 1 10
' - b
® - Al i |
H » 1 ]
2 | =
a * 5 |
5 i I =
= = o .
] = Jamlam T ¥
T +
" SITE  Bb40 HOLE CORE 26 CORED INTERVAL 232.5-242.0m
- + § FOSSIL
- i » |& |_cramacTeEr
- I 8 l=.lel=T% z| w
n A EHE R o| & GRAPHIC
M) 13 |[F8|= g & = = LITHOLOGY u LITHOLOGIC DESCRIFTION
| ] wS|En|E| 2]« ol = w =
: EH R HEE § 4l = < |
. F |8 Slal= <
5 ] A HELELE HE
7 =i
2t
L~ FORAMINIFERAL MANNOFOSSIL CHALK, light gisen
wh gray (5GY B/1), teintly leyersid throughout with com:
— man shesning, mecrodaulty, and sk falds. Thin layar af
z - 1 mixed VOLCANIC ASH and chalk oecurs st 73 om, Sec-
= i | = tion 1. Greenish gray [5G 6/1) nodule at 1op Section 2
T t +——+ Small knees of chips of greenian gray MARL occur st
L] 1 — lse Section 1 anel in Section 4. Swmall sphaly spots | =1
= = o s mm] are at 50 and 70 em in Section 2.
——
=
9 1 T
§ e
2 +
-} +
g I o
-t
+ .
P |
3 Tt .
E P
a -]
——TF
il L G E= ===




SITE CORE 27 CORED INTERVA 540 co

o
5 ¢ { L

=

z.le z| @ 8 |= -] z| w
5s Eg ¥ g g E ngv LITHOLOGIC DESCRIPTION == Eg ] 5 2 E LITHOLDGIE DESCRIPTION
e ENHEE % A HEHHBEE EEEde
I - g = E HEE = H
i aHHE ; HHE T

& H Z|d|a E

CP15 (M)

late
Eocene

84!

FORAMINIFERAL-NANNOFOSSIL CHALK, very light
gray (MB) with bands and faint light greenish gray (BGY
BA1) Iaminatione. Common pyrite and wveral asphaltic
spats nated. Core broken by drilling,

L

‘..

(0L
VA
I

middle—late Eocene

o,z

It

0

warly Eocend

middle Eocene

g

FI2/CP130

sl C = 2 SMEAR SLIDE SUMMARY (%i:
3 8 2 - - 1,4 ‘l:.lld
B B Camgpasition:
£ CQuartz Te -
= Mica 1 -
Gy 5 5
Pyrite Tr =
Carbonate unspee. 36 10
Forominifars 20 10
Cale. nannolosils 39 75
SITE 540 28 CORED INTERVA|
o
»
2 Eu Z| e
f% %.5. § g Lm’.ﬂgv < LITHOLOGIE DESCRIPTION
¥ |z HIBEES 3 g
= =
= e i E §
o o 2]
~ ]
= :
i i i
] i Interbedided lignt greenah gray (SGY 8/1) FORAMIN-
5] n IFERAL-NANNOFOSSIL CHALK and mortled wery light
+ wry INS) to medium light gray [N8) LIMESTONE. Chalk
— it is Mastive and burrowed with scattered pyrite spots and
thin marly bands. Mottling of Lmestony spparently result
+ F i of burrawing and pyrite Small greanish gray CHERT
— -y + . nodules ooour i lmestane,
et .f,
{x}

SMEAR SLIDE SUMMARY (%):
1,128

o
Coampasitian:
Clay 6
Cartonate unapec. 10
Foraminifers 10

Cale. nannofossilh 75

Interbetded  FORAMINIFERAL HANNOFGSSIL MARL
CHALK snd LIMESTONE and mixed VOLCANIC ASH
o CHALK. Two types of marly chalk and limastons
occur: 1) extentively burrow mottied bluish white (58
9/1) 1o medium gray (NG} with minor CHERT, and 2)
exterabuely tasrow mottied light greenish gy (5G B/
to greenish gray (G 6/1) with a distiner, slightly dipping
shoared fabrie and common dark pyrite o sphaltic pat
ehei. First kird occurs berweon 0-35 em in Section 1
25-42 and 75-160 om, Section 2, Section 3, and Core.
Catchar Type 2 comprises remaincder, Burmows mainly of
planolites varioty although roophycos alsa ocecurs. Lithi-
fication i variable: major chalkjmail snd limestone inter
wills shown, Miked interesl of ssh snd marl occurs in Sec
tion 2 Slump fuls comman #s marked.

SMEAR SLIDE SUMMARY (%

1,125 2,14 2,88

o [} L
Coamposition:
Quartz 5 -
Mica 1 B
Clay 20 - -
Valcaric glass n
e 1 1 5
Carbonate unspee, 28 50 n
Foraminifars 15 o a0
Cale. nannofossils 30 38 el
Padiolasians - - 5
Spange spicul - = 1
DRGANIC CARBON AND CARBONATE |%)
L 22
Organic carbion - -
Carbanate / 45
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SITE 540 HOLE CORE 30 CORED INTERVAL 270.5-280.0 m SITE 540 HOLE CORE 31 CORED INTERVAL ZB0.0-2895 m
)
o FOSSIL g FOSSIL
x
H 2 = m:nr_n:mn 2| 5 g CHARACTER
LA EH 1k gl = GRAPHIC culE]| 2|8 E| -
TE :E E g g HE: FHOLAGY LITHOLOGIC DESCRIPTION i g 5 gl @ Lm?:?c:gv LITHOLOGIC DESCRIPTION
w3 |F E g g @ MR ol W
2 |E |3 g E 4 H E Elc 8| =
B BHHHE T £H A HHHIE
EREEIE 3 z |8|z2 HE
Y + + T — =
e o |ca 4 CHALK and CALGAREOUSVOLCANIC SANDSTONE
S o e arws T FORAMINIFERALNANNOFOSSIL CHALK and PERBLY ] In 100 20 cm of Section 1, it banded and krregularly
H f CHALK. Chaik is white (N9) to very light gray (N) with - ] tamingied light gray (N7) and medium fight geay (N6 10
o5+ oLy g somp light grey INT) burrow mottling and leguiarty 0.5 giepnish gray (5GY BA-5G 6/1]. Contairs one good
1 ——H . laminatnd groenish gruy (5GY 6/1) bands. Scettred tiny AP 1 4 graded layer [ -2 cm thick) with lpadcasts and some
] icracrass-teminations; several thin kirers are Nne-grained
: aft i e Som s i o ] R o s oy o ey v
] v i - 0 ward sequence of calcareous volcanic sandst Larga,
o ? mottled greenish gray (5G 6/1) 1o light greenish gray - yallowish gray (BY 8/1] fragmants o bioclastic limestons
= ——1 & |SGY B/1) with comman angular 10 rounded olive black conaining rudist, corsl, snd shell fragments ocour near the
= = | [5Y 201} to dark greenish gray (SGY /1) clayey chips $uns of e cora with mn Iniarbecided cahisngny baid-bon
3 T -=_l A 0.2-3.0 )} and al z posed etal fragmants A plece " a 1ane
E ——] ~ ™ {d 1 Seoatal pycice: puviin. Lag N ~| ~ ] sbove is madium dark guay (N4) 80d very poorly sorted.
+—+1 | : © ond burtows throughout this lithology, No distinct 4 massive with white beoclastic limeytone fragments ard
T |ar|am == 1 1 fabeic  Greanish gray chalk occurs a1 11 em in Core . alvered lagHli up o 1 em scrod A thin finesgramed,
2 et Pt . Catcher, 11 has some dark gresnish gray |eyering and is cut Fr . laminated Intorval occuri at B0=-05 em in Section 2. Dark
e o 1 by large subhorizontal burrows filled with lightar chalk B sardstone fines upward 10 crom laminated dark
g2 e 1 Al jes Hard, ing 1l 2| aray (56 &/1) and greenish gray (5G 6/1) calcureous vol
!i H e v 1 canic sandstone ard wery light gray (NE] to light gresnish
£ £ |amlac m: Fri T = aray (SGY B/1) yolcsnic curbonate tandstone (medium. 10
£ 5] e hin Section: finegrained), Volcanic graim appasr 1o be sand-wze glas
i{ g 1, B6: Limestore (radiolarian mudstona) — consists of feagmgnts (with pyrite) sltered 1o clay. Lightei colored
scattered radiolasian molds in & micrite matix. Several FM carbonate sand occurs mainly botween 45-980 om in Sec
laminations lormed by alignment ar concantration of e tion 1. Ightest portiona contain common pithonelta
thess melds. Rae foraminifers snd fiat, platy shell Thin Sectiom:
Tragments 0 present. 1, 10: Limestone lskeletal grainstone) and medium.grainem
od cabonate sand less than 20%
SMEAR SLIDE SUMMARY [%): tine-grained micrite cement, about G0% grains and 10%
1,62 2,64 wcondary porosity. Grain types include foraminifen
o o 126%), peloids (25%], lithockasts (20%), maliusc frag
Composttion: mants (15%), and echinoderm fragments and spores.
Chiarey _ T 1. 41: Limestone (forammiteral grainstone] — microapse

Clay 5 5 camanted grainstone composed of plankionc and ben
. thic foraminifers | ~ B0-B0%), sinered wolcanic grams
Voleanic gias ' T | = 10-20%), and cement (~30%). Clay and minor

Glauconite - Tr molluse fragments se also present. Foraminifers com
Pyrity T = morly eecur i urgle chambers — tiulir €105 wetons.
Carnonate urspec. 10 80 Volcanic fragments contasn pyfite; appear 1o be glass
Formminifers 16 n akered 10 elay.

Caic. nannafossils 15 15 2, 34: Caleassous-volconie sandstons — comsists of 30%

clay graim (aleded voleanic glasal, 30% shaliow-water
skeletsl carbonate debria snd pelagic graing, litheclums,

DRGANIC CARBON AND CARBONATE [%1: 0% pyrte line caleite graims coment?) dnd soma
L7 283 unigeniified graira [15%), and scatiered zeolites.
Drganic earbon . -
Carbonate 82 a2 SMEAR SLIDE SUMMARY %):
L1221 L6886
M =}
Tacture!
Sand = 40 40 &
Sin 100 50 BE 30
Clay = 10 & m
Compotition:
Feldspar = Tr ‘S x
Clay - 7
Voleanic glass - & - 60
Pyrite - 10 - 15
Carbonate unspec. 100 0 n %5
Faraminifers - Te m -
Pithanalls T Te 18 -

ORGANIC CARBON AND CARBONATE (%]
.33 1,138

Organic carbson
Carbonate - a“




34|

SITE 540 HOLE CORE 32 CORED INTERVAL 289.5-209.0m SITE 540 HOLE CORE 34 CORED INTERVAL 308.5-318.0m
g FOSSIL L FOSSIL
x |3 CHARACTER % E CHARACTER
8 |zule]s @ g |E z| w
] w =
0 §§ £ g ; g ol g LITHOLOGIC DESCRIPTION Te 2z 2|8 il ot o =5 LITHOLOGIE DESCRIPTION
S HHHIRHE 5 (58 REE TP
£ g |3 g g £ gl 1= A
HIHHHE g i FEE
&
RELCM BIOCLASTIC LIMESTONE, PERBLY MARLSTONE, and it a1 L PEBBLY LIMESTOME, LIMESTONE, snd :mcu;:s
CHALK. Limastone is yellowish gray (5% B/1), poraus and LIMESTONE. Pebbly |smsstone o geenah gy
contains large anguisr fragments of skeletal dabris {rudists, i [Fos: & J 6/1) with 1panse whita ING] To yellowish gray Y 81}
1 coral and sther molluse fragmentsl, similar 1o base of Core g A paraus fine-grained limestone frsgments, rudists, and darke:
31, Pebbly marisione i greenish gray SGY 61} with sl i) fight greennh geay (5G B/1) timestore and greenith l‘v“
AnY 1 tevedd subangulas fragments of white [NS), yellowish gray (5G 4/1) marly limestone clasts. Grain o ranges from
i5Y 81} and medium light gray (NG limestone, chalk, and 0.5 mm to 3 am. Limestone |s massove |ight alive gray (BY
- claystone/altared vobcanic clams Fragments rangs from 6/1) with tkeleral molds and yellowish u_rlr r5:f B/1) with
08 mm to 4 cm ecrots. Many elongate clasts dip =30 to small open pores: some pores sligned, Bioclastic limestone
cone axis; contect at 15 cm in Section 2 ko dipy ~30° it wary fight gray INBI to yeilowith groy with common
Marly chatk i greenith gy (5GY 6/1) with sbunden vudint fragmants. large foraminifers nd peloidi. Several
madiem light gray (NS) burrows. peaces are moderataly well sorted and have cemented and
i 2 porows, uncempnisd paris. Cow & broken (nto drilling
SMEAR SLIDE SUMMARY (%) fragments,
1,60 2,48
= ) o o Thin Sections:
M cC Sund w T T, 33 Limestone {faraminifersl wackevone) — sample
il B0 a5 comiits mostly of micrite with & few percent scatiered
Clay 10 5 foraminifers, calcite reolaced radwlaria, caleissheres,
c“ﬂ maasitian: “filamert””, and unidentitied grains
Fabcipar L 1, B3 Limestone {skebetal miliold graingtons) — grains in
Clay 0 & this rock inchude miliolid faraminifens (30%), micritic
P‘""" = Tr peloids (30%), limestane lithoclasts [10%), malluec
?" Ik bl L teagments (10%), echinoderms (5%, and rare red and
l::h‘c“na’:uml‘wu .5 ; een algoe. Some thombic csicite cement in about &
. third of the thin section. Some lithoclasts are rsfolars
i st Partial silica | ) of
ORGANIC CARBON AND CARBONATE (%): oot e g
158 258
Organie carbon - = porosity; no weondary poroaity.
Carbonate 84 83
SITE 540 HOLE CORE_ 33 CORED INTERVAL  299.0-308.5
2 FOSSIL = SITE 540 HOLE CORE 35 CORED INTERVA 318.0-327.5m
Qo
= CHARACTER g FOSSIL
§,_ é“’ HELE gl & GRAPHIC E § e
2z|4
[ ;§ % 3|z ElE " LITHOLOGIC DESCRIPTION M EMEIEE Bl 2 GRAPHIC S B
[l g 8 12 |E § ] H E | umHoLoay
EIE |3 5 i = M - E I 2 8
@l HHHE i S HHHHE £ £H
=] = a = H
= EHEIEE & H
oM L0
PEBBLY LIMESTONE, MARLY CHALK, ard BIOCLAS ——— 1
RM| TIC LIMESTONE. Pabbly marlstons is greanish gray {5GY = & + LIMESTONE, PEBBLY LIMESTONE, and CHERT, Lime
5 o * B} with 1.5-4.5 em. Subanguler fragments of white (N9) TR E wtone is Fight ofive gray (5Y B/1) and matsive with scattered
oM 1 wnd yellowish gray (BY B/1) 10 Nght greenith gray (BGY ,_;s_é_’n_ o open pores [ ~0.5 mn) and dreguler layering in ploces.
+ BT} limestone ard chalk and some dorker clasts iclay: e 1 A Pebbly limestonn is light olive gray [6Y 671] with com.
e 1 utones?). Marly chalk is pale greenish gray (EGY 6/1) = man, angulss, yellowish gray [SY B/1) hagments 105-5
S with dark greenish gray [5G 471) and medium light gray 1 mm| of limestons, skeletal debris (siges, moliuses and
% ING) burrow mottiing snd Irregular layers. Mot burrows & tocwminifers) end dek greenah gray (BGY 4/1) marly
= Oy appesr 1o be Mattensd planolites type. Below 114 cm, 2 4 A limestoneclaystone. Chert it black and chonchoidally
AP LR LERIERE RS TI N o Section 1 carbonate sand [foraminifers and shell debris) fractured, Cantact uncerain; care
AP 2 IUAUARAMALRR] 1ills butrows, Biactestic limestone at base of core o light by drilling.
olive gray (5Y B/1) to greenish gray (BGY &/1) and con
Tains mostly medium 10 vary cosse sand-size deletal frog ORGANIC CARBON AND CARBONATE (%1
ments (including rudists and foraminiian) and seversl sofy L3
dark gresnish gray (SGY A1) clayey ar marl fragments, Organie carbon -
Casbonate o8

Thin Seetiong:

1, 52 Limeitone (mudsions] — samgle & peincipally
micrite and fine-grained camant with rare faramanifers
and dolomine.

2, 1 Biockstic limestone {sheletal graimtone] — poorly
sorted grairstons with sbout 6O% fine-grained (90—
150  pm) carbonste debris, V0% foraminifers, 10%
peloids, 10% mollusc fragments, 5% schinoderms,
10°% lithoclasty, and rare grean slgoe. Almost no cement.
Some pelagic materal in matrix and in lithoclasts,

ORGANIC CARBON AND CARBONATE (%)
1,50 1,8

Organic carbon = -
Carbonata a2 ™
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SITE 540 HOLE CORE 36 CORED INTERVAL 327.5-337.0m SITE 540 HOLE CORE 37  CORED INTERVA 337.0-346.5 m
o FOSSIL g FOSSIL
o® CHARACTER
i | _cuanacres = BE
EMEIEE zl e 2 |z.l2l2 z| o
= = w|®] 3 2 .
b gﬁ HEIE ElE Pty iR LITHOLOGIC DESCRIPTION Ge EHE 8 é g | SRAC. Ik LITHOLOGIC DESCRIPTION
S HHEIREE 3 N HEFH IR +FH
F g HH Z |z |3|2]|2]¢8 E
g |213]3|% g CRERFEIEE E
Z Julzleld z |2|2]|3)8 E2
——
£ M 1 g i ==
£ I d PEBBLY LIMESTONE, BIOCLASTIC LIMESTONE, and % iy ey LIMESTONE. igni olive gray [5Y B/1) 1o yallowish gray
-~ i 1 LIMESTONE, Pebibly limestone is light olive gray (5 &/1) 0. ——— +#) 16Y 221 with sarker alve gray zonm. Lighter limaions i
FP . 10 greenish gray (5GY 8/1) with madium sand- 1o granule. AG 9] :_,_ e = A ‘< masyive with comman wmall eircular pore (=~0.2-06 mmi
o M *| wee, angular 1o rounded liagmonm of yollowish geay [5Y 1 = | concentrated slong thin hodizon. &'l:“ll' |n|u--u1|b:|u
= - — i B1] 1o light greenish gray 15GY 8/1) bioclaue limestons = s r faintly laynrad. Polecypod and smmonita maldy e
8 E.J T T 0 and finegrained chaik. Broclastic limestone i yellowish Lg' 14 — | + of care, Darker zones [e.g a1 6675 em, Section 1 and
fray and comisti of fine to mediumsand-size skelutal gl s —— — ssndunsen. s,:.;'_s?; are Imil;:ﬁ of .‘nm“.n,f,., famin
debris; porous. Limestone 4 wery light gray (N8| and 8 e i oted. Between em in tion 1 are alte o
pale greenish grey (SGY 8/1) 1o grewnish gray (5GY 871} E E = | | .?.5_1 5 zlm m.::ﬂnlp mndlu&urlv (NS] Inyers mr-.‘ |.9;||
and olive black (BY 2711, indistinctly mattlsd o layered T X olive gray lamanated lyors ter are compotsd of sm
wath common small skeletal l-qmn:\ molih, Somi thin -; 4 = ] == lenses of fine-grained carbonate material oriemed pasallel 10
levevish bonsts sand laminse, -EEEE = bedding Pieces #t B4-78 om, Sectron | hive biownih
m::':u::.u:, e ninde. Core s ok e 2 T T T :‘\ = phosphatic?) nodules and small iron-oxide nelusioni
e A Black (N1} CHERT bands opcur in light fimestone in
Thin Section e ===y Saction 2
1, 23: Limestane (petioidal graimione] — fine-grained and = TI8] . -
tains abaut SO% loiddh th i teed hin ion
::ﬂn::,l wn:mm-'naunp' :“u: ::malr:mc:“m-:n:u:m 2, 100: Biockntic limestone Ipackstons-grainsione) — con:
include echinodesm fragments (20%) and loraminifers wista of small :ch-mdnlm tragments, pellets, and foram
110%), Molivse fragmen: molds (20%) are common. ifers i a finegraines cemant and micritic matric
One red algse fragment snd some planktonic debris About T5% ol the guaim hawe been leached giving
also prezant, Frimary porosiny ~10% rock & weandary maldic porosity (=25%)
1, 671 Marly limestone (wackestone) — containg icatterad SMEARSLIDE MARY: I%:
(50180 pmi geaine in a dark mecritic matrix, Graing 139 L4 187
inclutle  foraminiters and light-colored paliets; mast M H
grairs  are unidentifisble. A sabborizontal burraw Hion:
=3 mm in disrmater snd filled with esicite that s slightly iy b % 30 40
coarser gramnad than enclosing micrite cuts through the Fyrite T 3 2
sample, Carbonate uhapec. 45 45 40
Fi inife 5 2 B
SMEAR SLIDE SUMMARY (%} C:::I:In::owh = 10
e Diatoms LU - E
ot 2 Dolomite 15 8 =
Compesitian: aro ol y = 5
Mica Tr
emama e (b2 ORGANIC CARBON AND CARBONATE (%):
Foriokiiun : 148 185 1,92 1,700
Cale nannofousils 2 e — s
Dl ¢ Carbonate wom om oW
2,57
ORGANIC CARBON AND CARBONATE [%): Geginic carbon A
Al Carbonate sr
Organic carban
Carbonate
SITE 540  HOLE CORE 38 CORED INTERVA 3465-356.0 m
B FOSSIL
» |E | _cuanacten
8 |zule]z zZle
= = ul
=t |E&|E g 2l E SRAmC LITHOLOGIE DESCRIPTION
HIF1E 5| E | umiowoay "
g3 EVE| 5218 |2 ¢ EEEH 8
2 = - z
= H ; 8 ; B
- ila 3 i
E == A
= | E 1 = Y 2
- A LIMESTONE and CHERT. Limestons & light olive gray
— I5Y 6/1) 10 gresnceh gray (BGY 8710 and yellowish gray
8 3 [5Y Bf1). Mastly very fine: to finesand grainstone with
- moldic parsaty tmamly  pelecypod fragmonts), Whaere
= rreguiarly laminated, taminae are light colored and contain
B| 3 alightly coarser grained |~ medium-graired samd-sizel ey
baonate, Limestone 1 slightly darker and lsminsted o1
2535 em. Laminaticns ~1-2 mm thick, Chart | black
K1) 1o dwrk gy (N3} and laminsted in pan. Com it
braken into fragments by diiling
ORGANIC CARBON AND CARBONATE [%):
L
Quganic carbon =
Carbonate B
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540 HOLE CORE 39 CORED INTERVA 356.0-365.6 m SITE 540 HOLE CORE 41 CORED INTERVA! 375.0-384.5 m
g FosSIL 2 FOSSI
§ 3 | EHaRACTER % E CHARACTER
L - Zlg g |zulel® z| @
H g g g| =
HH i g £l 8 SanARIE =z LITHOLOGIC DESCRIPTION e § Bl s g LITHOLOGIC DESCRIPTION
;=é"'§g! gl ¥ + = H w3 |EN1E 8|58 |2) 8 8l 5l g
F g E LA I g 5|2 3 HE E
2 | ; Z|a E & = § g 8 3
E ] al |4 ===
CP |AM a S !
= . —_— + LIMESTONE, light ciive gray (5Y 6/1) 1o olive gay (5Y
os = + LIMESTONE and CHERT. Limestana it light olive gray a . = | (1), hamagemaoiss t faintty sminated and wall-taminatad
c e ——— SY Q) g horigeiodt o QUYL s | & e e 0 Lominations composed of yellowish gray I5Y 8711 silt-size
] 1 . ——— maskod. Laminations composed of silt to fine-sand-sine s | = 1  — A + pr . Mok o aravovitisn. and) B
H — eaztoninn g, typlcally Jght gray. (7} e yellommis peay 2 (3 g N Thin CHERT laminatioms in limestone st B0-81 cm
£ Ty (6Y B/1). Scattered micrafossil molds comman; smmonite < |85 101 a Pt '
2 == » maleht rare, Limestane is olwe black (5Y 2/1) to otive gray £ -EE ! =1 :
S T A (6Y 4/1) and woll laminated batwean 1025 cm, Section _g% - DRGANIC CARBON AND CARBOMATE (%)
z T T ] O 1. Chart is bisck (N1) and massive. Contacts between lith 2 = | a4 1,88
F T ologies nat peeservad. Core |t hescciated in part by deilling a5 il 2 = T Owganicearbon  — 2
2 = T . 3 s B Carbonate ] ]
Thin Section
1, 26: Chery — thin dark cley leminatons in mécrocrystal
line-eryprocrysatline quarte. Ouastz-Ried and raplaced
aificlara and f | .
PR M TNy o SITE 580  HOLE CORE 42  CORED INTERVAL _ 3845-3040m
1, 142; Chert — o above bul with UaMiLon 10 micritic = ==
limettonn a1 one adge F FOSSIL
w 5 CHARACTER
SMEAR SLIDE SUMMARY [%]. g |z.lels z| @
S = 3
112 1118 St|EE|E| B § H I PLlope i LITHOLOGIC DESCRIPTION
MooD A HHHHREE e
Compoition: = |5 g 8 3_
Cuartz Te - F e ! g =
Mica - Tr = =3
Gy 60 X =yt | ?
Carbonst ursgee. ' 30 60 e 5 LIMESTONE aoed CHERT. Limestore # light oiive geay
Foiaminiers T oW 05 = oy (5Y B/1-E¥ /21 to olive biack (5Y 2/1) with light—dark
b w_o!m«ls 4 = :% ; ¥ gradational color changes and homogeneous oo burrowed —
Plan debris 5 T 1 e — e bandad or lamansted varistions s marked. Comman radbo-
Dalorits = 19 et | laria snd soene malluse malds. Some laminations comist of
e olongats light.colored particles, Olive gray (B 4/1) chert
ORGANIC CARBON AND mﬁﬂDNﬂ;rEa;hlr s e | mininodules 5 markod, Chert laminations ot 87 cm in
Drganic carbon s B ) E E I il Section 2 In marly lmestone. Grayish black (N2} chert
g = " < |=3 = f
Carbionate a1 a2 o q:- g 3 'l == “::::m scattered throughout, Core breceisted in part by
= g5l == : L i
3; i : = - ORGANIC CARBON AND CARBONATE {%i:
540 HOLE CORE 40 CORED INTERVA 365,5-375.0m if == =4 165 2,93
2 £ o = Organie corbon - -
B FasL g6 2 : 21 Carton @ m
§ (ZelETErer 113l 2 =====""Hlk
w e e
e 2z)E E g 2| e o LITHOLDGIE DESCRIPTION =y
SEHHHHEUE Fy ====-/Iiy
F £ EH ] | '}
& § g E i E -} AN 3 e O
—— — &
c = o LIMESTONE and CHERT. Limastone ks light olive gray
£ 2 0.5 e e [5GY B/1), ganerally burrawed but with some laminated
g 'g xR sl | Intarvals 34 marked, Camman sphericel microtomil malds.
1 ——— e [T Some leminations are yellowish gray (5Y B/1) and slightly
E 4 e —— T cossef grained than most. Rare ammonite molds. Lime
rd 2 W< ! stone s clive gray (Y 4/1) to olve black (Y 2/1) and
£ I e e ] walllgminatad betwesn 126—139 em. Several pieces show
8 o ———" ! . sharp thange from limestone 1o marly limestons. Chen is
- === iack (N} ared mussiva; 58 plecs hus & light ofbve gray rind
of siliceous limestona. Cose fragmantad by drilling
SMEAR SLIDE SUMMARY {%i:
1
“
Companition:
Clay »
Carbonat unipec. 50
Fossminiters T
Plant debris 1
Dolomitn ]
ORGANIC CARBON AND CARBOMNATE [%1;
1,55
Organic carbon
Carbonate ]

94!
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SITE 540 HOLE CORE 43 CORED INTERVA 304.0-4035 m SITE 540 HOLE CORE 45 CORED INTERVAL 413.0-4225m
2 FOSSIL H FOSSIL
g g CHARACTER = H CHARACTER
MEAE HE: u -MEMAE HE
ge ,§.§ - E 5 HE lﬁi’é”mgv LITHOLOGIC DESCRIPTION == Eg & g § el e lﬁiﬁ'&ﬁv = LITHOLOGIC DESCRIPTION
an|z ol @ b LS |28z 8 2l a e "
£71E7 15| 2| 2| B |#| 2 E2lEE A HHEIHBEE £ EE
i AHHHE T H - BLEHE !
] = g @ z 5]
e T ] |
e | LIMESTONE and CHERT. Limestone i light olive gray = 3 LIMESTONE, CHERT, and BIOCLASTIC LIMESTONE.
——— [Af BJ'I“’M‘_:.‘::'I:"IE:I“:"‘L- "“M":;;'“""‘m:‘:; E===—c= Limestone ia very ight gray [NBJ and light lwe gray [5Y
T araly laminated, the e v A ol
o o b == == — | With some ammanite maolds or massive, haed, and sil o. | | 611 to dmk w-\;.lu":l':\:mnl::;n':lIE:":-'LII.I‘:‘-::;;
1 T — icnous(?). Fine laminations in darker intervals somatimes 1 [ e e ! il i AUV, YOY. ;
7 A compoted of silt-size carbonate. Chert is black (N1} and o ——— - l with common raciolaria and ammonite malds. Darker inter-
A} 10 = occurs ai fragments and small nodules i lHnestone, Core i 1 e —— wals ew very weil laminated with some clayey bancs and
- I — — 1 lrmgmunted by drilling. n — & tore buriows, Burrows commonly filled with yellowish
8 3 el  — i gray il and fine sandize carbonate. Black INTI and
2 AP e Thin Seetian: T epatey medium gray (NG| chert nodules occur sposadically in lime-
s gi T | 1, 80; Limestone i L i H == atonn. Singhe fragment of ofive gray (5Y B/1) Boclastic
B |5 = e 1 mudstone with thin concentrations af eaicite-filled 2 ————a linestone containing leege forominsters and skeletsl frag
2 " T 1 radiolarls ~0.3-2,0 mim thick. Matrix comtains 50-80% < i —— ) WAl vk e Bl o di
;g 2 ——— A microsper patches  ~0.01-0.03 mm scrom, Trace _.; —— |
[2d T maunts o1 thin reerystallized pelecypod debies, & T T — A Tivis Sacilon:
S% I ? — = | T, 1P Raason Ualiotarigh suimuone) - S b £ 2 T | CO: Bioelntic fimestane {wickestone) — moderately well
s mim 5% radiclaria i mokts o filled and Ivplsced Ei T sorted wackestons, fine: to medium.grained camposed
L SACIR ¢ et ot et g ! 53 ———— montly of limestone intrectasts [30%) in mixsd micrite/
e mecroapar matri | ~35%/1I%). Intreclas are mostly
2, 5.:.‘{_..:::?.' rmmlwk::m .dml:.uu mu?a:mr:;j .E% I e — dark, micritic sadiolana and Toraminileral mudstons
WS, .., MCKASE0N COMM) . =2 3  —— fragments. Other grain types inchide mollusc tragments
e e fkae §m === 120%), formminiters. (1%}, echinoderrms {1%1, and green
fossils are filled with and recrystallizsd ta calcite. Mud. aigae [Tel, Chaicaciony fills some voids m skelmal frag-
1one intarieyers consists of micrite with amall 0.01— mments, Many groms have micritic envelopes. Other grain
0.03 mm microiparits patches (~50%] and care micro boundanes ore indistinet and sppest 10 Ak 8 with
fomils which are generslly smalier than in wackeslons wirounding matrix. Soma porsity; mostly indistinct
lavers. maldic, probebly secondary,
SMEAR SLIDE SUMMARY [%); CRGANIC CARBON AND CARBONATE (%)
1.2 L 235 2,101 2,145
o o Cgmicaarbon — - -
Compasition: Carbonate a5 ] 90
Oy 53 a3
P et R 9 SITE 540 HOLE CORE 46 CORED INTERVAL 4225-4320m
Diatorra o 2 g FOSSIL
Pant debiris T [ % Z _lcummen
Dolamite ? - FRE z| »
o =
St Eg ¢ i HE Lﬁ'}:&'ggv LITHOLOGIC DESCRIPTION
ORGANIC CARBON AND CARBONATE [%1: ML ER ile gl 3 g
1,57 271 |2|gl2|8] | E
Ovgniccarbon 56 = |8 H ; g g = 5
Castonate 84 - e e
==
SITE 54D HOLE DORE 44 COREDINTERVAL S EATH 5 e LIMESTONE snd CHERT. Limestons is fight afive gray
H FOSSIL s = (Y 8/1] snd greenish gray (BGY B/1) 1o olive gray (5Y
& |_SHaRakmn e 4/1) and ofive black 5Y 2/1), mamive and burtowed 1o
§ Guw|2| 32 5| 2 1 ] Ingistinctly layersd and well laminawd. Radiolaria and
SEIEE|Z| 8|2 El e lﬁi‘;“m’?, LITHOLOGIC DESCRIFTION ] 3 —m ammonite molds common in lighter limestone. Laminstions
£ PR 3 o & & |ap 1.0 =1 a1 9485 cm, Section 1 in darker limestone are composed
£ & g § & < |%5 ] —— of small {~1 mm longl light-colored lemes aligned parallel
Fole E g a 2 T to bedding. Thin yellowish gy (5Y B/1] lemination at
E 2 _ =2 T ——- 15 om in Section 2 is & very fine-grained, graded carbonate
] ” = e — nd with soma losd structures. Chart is blsck [N1), struc
2 LIMESTONE andd CHERT. Limestone is light oliwe gray ii —————— - A
(BY 611 1o olive gray (5¥ 4/1] and olive biack (5Y 2/1), =] 2 === turgless "': IF”“'“T‘L':';}““" with sharp irregular
0. homogeneous 1o well laminated with comman smmonite T SOMAGL AN R e
modds, Darker, wall laminated intervals have rare yellowish - T <
] Y (R
1 gray (5Y B/1) laminee. A 0.6 x 1.0 cm clast of laminated SMEAR SLIDE 9‘““‘:‘?2 %3
= limastane occurs in the homegenscus interval st 27 em, o o
'3 .o Section 1. Layer (3 em thick) of graded carbonate at 87— ﬁﬂw : i
s 80 cm, Section 1. Chart is black (N1) and conchoidally
g tractured, Core is fragmented try drilling. :m:;‘m s:
LA Thin Section: Cale, nannotossils 2
1, 77: Lirmestone [mutitons) — micritic limemtors with :
i sbundant small plarktonic snd banthic foraminifers, m““”'cm“m‘*;‘: ‘:"2?";’"“:‘51"
2 [C™, 2 calcite-filled, replaced radiclaria, snd rare pelecypod i Is A 2
ses ~70% of sampl carbion i
- frmgments, Micxite comprises~T0% of semple. i o 2 |
SMEAR SLIDE SUMMARY ([%):
2,42
M
Composition:
Clay 50
Carborate unspee, 43
Cale, nannofossih = 5
Dratoms Tr
Plant debris 2
ON AND \TE
2,41 2,44 2,85
Deganie earbon - . -
Carbonats 80 a7 L
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SITE 540  HOLE CORE 47 CORED INTERVAL _ 432.0-4415m SITE 540 HOLE CORE_60  COMED INTERVAL  460.5-470.0m
0sSIL g FOSSIL
é CHARACTER ¥ ; CHARACTER
3 g g |5 A “
R ETHELE g8 GRAPHIC 2 |Sy|E H Il GRAFHIC
E|55(E HE 5| E | umooay LITHOLOGIC DESCRIPTION R HE : £l B | umoloer LITHOLOGIC DESCRIPTION
221271552 E gl = ¥ |= H gl g = g % -]
R REHEL g A HEHHE TIH
& = = “|x
===== ===,
—— LIMESTONE, light olive gray (5Y 8/1) to olive giay (EY iy
o. ——— 4/1), Lightar zones mostly missive and homoganeaus bl —— A n LIMESTONE. light olive gray [5Y B/1) to greensh gray
e with some clesr burrowed and indigtinetly Laminated 0541 T (BGY /1), indistinctly snd irregularly laminatad of layered
1 e e e intervaly, Rse wmall pelacypod and radiclaia molds, Faint, 1 T J' T 1' fal with common dacontinuous layers or lemses of yellowssh
D= —— inclined layering cccurs in base Section 1 snd much of e . gray [5Y B/1) dightly cossered grained carbanate {foram-
1.0 T——y—— Section 2. Darker intervaly are laminated to indisinctly g 1.0 _;_. ;_ T & inifers and unidentified carbonate debrisl. Thickes! layers
T laninated. Sama very thin yallowish gray (BY B/1) lamin. b= Tyl % up 10 3 mm; usially < 1 mm. Several pioces [n.g, 110-125
e athons and one lense (st ~ 80 om, Section 1] are slightly a2 ——T 3 em, Section 1, 80-85 and 75-78 em, Secuon 2| we
5 T cosrsergrasned  than  encloing  limestone.  Graclations! E T P massive with common imall pelecypod malds Core o frag-
a5 — changst fram darker limestone 10 lighter limestons in Sec: T mented by driblang.
2 S vion 1, snaep (n Section 2. =
s |, & H 2| =T ' Thin Sections:
= 123 |cumfce T T ORGANIC CARBON AND CARBONATE (%): 5 e =====iN 2 uzl:l Lingernn Imoilusc. wackestona] — congiste o
2 =y 1.7 2,53 = g = *e mr st -.-lw-mn I:.H;d|m :r} migronpe. Stight wilk
=lcP e Organic carbon 58 - citication of some o skolatal fragmonts.
g (=2 —_— Carbonate B B8 B 2, 87: Limestons (mudstonel — coniste of ~B8% micrite
é% ey 2t ~ 2% calcite filled cadiolaria malds and < 1% foram-
25 Ty e
—— 2, 75: Limestone (grainstone] — consists of pelowts (75%),
Toraminifers (10%), calcipheres(?] (5%), and rars echin.
oderm and moliuse Irsgmenti with some blocky caleite
SITE 4415-4510m
3‘0 HovE CORE 48 CORED INTERVA camant. Poratity (~5%) i mostly primary.
x ; _|._ ORGANIC CARRBON AND CARBONATE (%):
8 |zule]s HE- 142 2,3
e (S lul & ! 215 GRAPHIC o Organic carban - -
= LITHOLOGIC DESCRIPTION
B EE 3 § j E % LITHOLOGY HER Carbanate 28 L
25 |2 g :
l BtIHEHE TEH
= =z
= — SITE 540 HOLE CORE 51  CORED INTERVAL _470.0-479.5 m
S l f H FOSSIL
B . A LIMESTONE and CHERT, Limestane = light gray (N7] H GHARLCTER
< e and slightly greenish gray (5GY B/1) changing to olwve gray § El i .
e == 16 4)1) and light alive gray {5Y B/1) #1~B0 cm in Sec- S _|Bu|klZ]E |2 | onarmc
1 e — tion 1, Burrowed throughout but with seversl irregularly I g ;S 2 g & ‘5 = LITHOLOGY LITHOLOGIC DESCRIFTION
3 oM e teminated o0 layersd intervali. Planolitestype busrows ¥ N i % g ul g
2 |3 1 Aolori prawent. Planar fabric best developed below BO cm, Sec £ g g g
< ] e tion 1. Chert is black (N1) and lanticular. Lows: part of S |§|3 g H
= —— core besccinted by drifling. T
= €6 == ===
e e Thin Section: 2 AG 1 . LIMESTONE ard CHERT, Limestons i3 greenah gray
2 = :_ 1, I 2, 10: Limestone (radiotsrianforamini feral wackestone) — < i i P 0% {EGY 6/1) 1o light greensh gray (SGY 871) genurslly
5 2 1ot consists of foraminitera | — 5%} and radiolaria molds &1 g bioturbated and homogeneous with & fains, irregulas planar
W ek 1 < 1%; many calcite-filled) in & micrite matrix [BS%), = fabric. Contains thin yellowish gray (Y 8/1) laminge of
Fare platy grains {molluse Tragments?) sho are present mn_l ||l:“: h;; wu::t m::uhnmlﬂle 1;0"01-‘\-'-
nite m at cm 't % blacl and eocurs
ORGANIC CARBON AND CARBONATE (%} i a3 separate pleces and small nadules and bands in lime
1,138 2,17 a?, wone  Core almost completely brecciated by drilling.
Organie carbon - =
Carbonate @ a7 Thir Sectaon:
— 1, 5: Limestone [muditone) — consists ol ~97% micsit
SITE 540 HOLE CORE 49 CORED 'MERVA 451.0-4605 m and ~3% loraminiters with rae raciolaria
AL ORGANIC CARBON AND CARBONATE (%)
3 CHARACTER 114
M EMERE HE > Organic corbon —
= o =
TE HH g F: HE e LITHOLOGIC DESCRIPTION Carbionate %
SIENIg 5|5 (2l |8) ¢ T HEE
£7|E 3 E =
S ; g H B QE ;
AHEEE E &
: = ﬁ LIMESTONE. light olive gray [5Y B/1) 1o ol gray [6Y
% N ———— == - 4/1) with & lighter interval of fight gray (N7} 1o gresnish
- o 1|05 T & way (5GY 811} batwssn 2075 cm. Darkar zanes generally
] ' haws good planar fabric but parfect laminatians are care.
=2 | (=] et Burrows as marked, Lightar zone has faint iregulas laming
F= 1 A Tions a8 shown. Parts of care breccisted by drilling.
i SMEAR SLIDE SUMMARY %)
1.81
o
40
48
Foraminiters 10
Cale, nannofosils 2
ORGANIC CARBON AND CARBONATE (%]
1.8
Organic carban -
Carbonate Bl
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SITE 540 HOLE CORE 52 CORED INTERVAL 4795-488.0 m SITE 540 HOLE CORE 54 CORED INTERVAL 498.5-508.0 m
=]
5 FOSSIL ‘g‘ FOSSIL
§ z |_cHaracten « |5 %gﬂﬂ
Eu|B| 5|2 L g |= - w
o # & FAR-A R wl
eclsg| H |§. o SRAPHIC LITHOLOGIC DESCRIPTION e E% w = § s GRAPHIC = LITHOLOGIC DESCRIPTION
1z §2 H H 3 5| 5 | trvowoey 2 " 12 E"" £ z 5 5l E urHotoGy | EfEE
z bl 2 :
ETE |3l 2|3 "= E H 2 HEE wl = £
= |3 Z 3 =1 z B £ £ =
M EHHE £HE MHHHE -
=== = |4 LIMESTONE, mattled ligh N7 ane tight ol
T | LIMESTONE, white (N3] and vary [ight gray (N8) to grean- T = I5Y /1) lu.m:::r:::a v:y.li"c:; ‘ﬂl’ll.*:umowﬂuwm‘ “nq::
051 _.__; —— » iwh gray [5GY B/1) aned dark gresnish gray (SGY 4/1), M :,—:— — Yinvimad Dy X Ak cmivion el and i
====" Top part of Sectice) 1 (0—80 em) is detormad with cam. 05 T dvitas. Faint -lyerisig ocoir ipovadieally Shwoughidt
1 S s L~ man slump folds and seme peevative fractusing. Baiow this, 1 e ' .
r——r——lall iimestons  laminated and burrowsd s marked. Lamin 1 T . -
' i ;E ations. arn indistingt and those parts have mare of & planar 10 : = ? % T : ,I_M;ﬂln,:;ﬂm Iobibetsoeamintesl - wackistone)
——"._:_. e fatwic. Planolites and mu:dl-!h—lw- Inl_lw‘s cammen, - == princinally micrite | =~ 5%}, bul conlaim comdmon
g T Limestans piecas betowman 75-90 un Section 1, are white == r peltets, platy grains, and foraminilens
2 T [+ 1] sl contrast thasply with enelosing limstoness. Small ———
H ! _:—_:: = vellowish gray [5Y B/1) clast m this interval |4 compoted . SMEAR SLIDE SUMMARY (%}
2 g T T pencipally of 3 hydiozoan. Other colar charges in core T ppiih
= |4 e + w18 gradational, — — o
=T oy
S===——N : CARBON AND CARBONATE (%4: T Carptiltion
2 = = ORCANIC CA DN: s ik " i Catbenate umipec. 100
E—— - T——T——T *
E- === s o —— ORGANIC CARBON AND CARBONATE (%)
I I o i = e e 275 4T
L3 3 A . . d
T T T Organic carbon - -
bl b B e e Y e Carbonats a5 o
I ———
T
5 =
SITE 540 HOLE CORE 53 CORED INTERVA 488.0—-498.5 m E-] -
L3R 3 e
8 FOSSIL < =
w CHARACTER = pESE———
5.8 ITT3TET T 12| 2 ’ ===
=3 2 = ="
‘;:"- E3|= 3 & =B tf,‘:,‘.‘,"’f:,'gv LITHOLOGIC DESCRIPTION i e
w3355 85 g (82 o £ S
R EHHE L EE : ===
= E H L g - = g > —
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[P o —— —— Y =
- s g = ‘ LIMESTONE, wariabde colors Ipartly sasislt of burrowing) =
S |3E =N i ) inciude fight gray (10YR 7/1-N7) to medium dark gray < e
g Hlem—=———— 4 [N4) and black (N1), Extensively butrowed; planclitesi?) — s
m——— A it = and zoophyeos common, Fabtic of rock roflects compac: 4 ———— [
a8 — ’ tion of light mnd dark materisi stound flattaned, burraw T
4 =" : T : T {y fills. Somw stylolitic seems noted at 43, 40, and 60 cm B e |
2 Small faitt offvnts layering at 4043 em, § g T
Thin Section: L‘.' Fr ‘
1, 64; Limestone (mudstone] - comists of ~B2% micrite, ; T ;_ T
16% foramemitars, and 3% racioliiia. Moldic and primary 5 g
Docosity 0%, e 1 alll
ORGANIC CARBON AND CARBONATE (%)
31 138
Organc carbon = 075
Carbonate -3 a2
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SITE 540 HOLE CORE 56 CORED INTERVAL 508.0-517.5m SITE 540 HOLE CORE &7 CORED INTERVA 527.0-5365 m
2 FOSSIL H FOSHIL
" & | CHARACTER w & CHARACTER
g, (Es(22 HE A g| 2 G
= e| =
s |Ez|¢ i ; glE il LITHOLOGIC DESCR IPTION e |2z g g El Bl e e LITHOLOGIC DESCRIPTION
wS|ENE|E| < B & Fl wS [N < 3|z Rz v
£2127 (55|22 |8 = M ege g
- |8 HEE = ; = 18 |5 als E &
FEHEEHE 3 FRHEIEIL FEE
—— FM| e T
= ==———
T | LIMESTONE, light olive gray [5Y 6/1] to light gray (10YH === " LIMESTONE, ght aray IN7) 1o mediim light aray {NBI,
— e B 71, color changes gredational, Several indistinatly lamin o —— . homogeneaus and burmowed throughout, Some faint lnyer
———— | iii #te or layered intervabi a5 marked, but most of core i Ty | ing wcattered throughout, Colar changes wbitle and grada
1  Ea— —— L] hamogeneous and butrowed. Trncaton lor pieudetruncs 1 — e e B tianal. Pisce of olack (N1] CHEAT octurs m Section 1
e é tion of layers it common in Section | between B0—120 % | Care in fragmented by drilling
CcM o a7 omn
W e | S ===k Thin Section
bt} - Thin Sectinn D E—— ! 2, 17 Limestors (mudiong) — mocritic limestons with
e I 2, 62 Lanmtone Imuchtone] — comats almost whally —— 4 rar toraminiturs and radiolsna
T e of micrite with rare radiclaria, A T ——
==k e kP e ’ SMEAR SLIDE SUMMARY (%):
= | ORGANIC CARBON AND CARBONATE (%) 2 07 . 141 248
T LN 247 2 —==== o0
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2 2 i —— + Carbonate B4 22 ¥ T T
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4| ~ e — L. 2,104
£ ———— | e Qrganic earban 095
pe=——=——1 -t Carbonate a3
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| H
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= w =
= H 2
"' g - g 2|z 3 Ei i DRGANIC CARBON AND CARBONATE |%)
2 1512 L T = 181 2,78 2,84
T £ N Orgamic carban 2 125
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e = # anel burrowed thioughout. Soma chondrites, - E
i = — E
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640 HOLE CORE 53 CORED INTERVAL 546.0-555.5 SITE 540 HOLE CORE 81 CORED INTERVA 565.0-574.5 m
o
= FOSSIL FOSSIL
=
x |3 | _cHanacten = L%EE_
§-— BulBl 2% gl 2 GRAPHIC g, |Bul2 3|4 gl & GRAPH
H E§ £ E S ElE umioLoGY |, LITHOLOGIC DESCRIPTION sE ;_E HEE clE o LITHOLOGIC DESCRIPTION
4K w
CHEHE I g g w3 HHEIHREE + 4
Gl R FEH F HHELE T rH
H 2l o x & &
P 1 L T S
e + T T bH
s =
4 ; T : B : LIMESTONE. varishle colors — mostly light olive gray (6Y 2 x_:_( l‘ T & :_+ LIMESTONE, light olive gray {58Y 6711 to yellowish gray
£l . == B0} and Iight gray (N7) to medium dark gray (N4, olive s Pi = =— == &l 5 871}, burrowed theoughoul, Pices af lighter coloves
— ——— Y aray (BY 4/1), and grenish gray [BGY 8/1). Darker colon 2 1 R — 1 limastone a1 top of com have common microtosil and
1 B = : — prevail in Section 1) Sections 2-4 mare hamagenecus < “—.—:— ,_: T pelocypod shall molds. Some faint bragular, layering be
. - = Maoat of core by moderately 1o extensvely burrowed with E T I wween 10-30 om, Lowes hall of core has common mpdium
1 — :— A wome faint lyering as marked. Burrows mostly sub-hari - i 10+—/—t7= I gray (NG} burraw mattling, Breceiated by drilling a1 040
cP e e . 1ol or Natensd giving rock a gently dipping fabric & == em. Strong HyS odor when core is broken or cul.
T Al {69, 110150 em, Section 3), Several piecas of white [NS) Fa
A e limestans oocur in Secton 1, Vary large burraws between ORGANIC GARBON AND CARBONATE [%):
—_— 365-B0 cm, Section 2, 23 1,28 1,38
B Organic cirbon = - 0.63
? e Than Section; Carbanate o4 o8 a0
= 1, 118: Limestane (faraminiter-pellt wockesione) — con
2 e tairs foraminifers, pellens wnd molluse fragments in
- : I : T micrite |~ 9T%]. Some secondary moldic porosity.
5 ——x i SITE 540 HOLE CORE 62 CORED INTERVA 574.5-584.0 m
3 o — CRGANIC CARBON AND CARBONATE (%) o FOSSIL
; e i 118 " 5 CHARACTER
— Ovganic earbon = '—‘_‘ .
2 — | Cavbarate ] § SulE| 2 ; g| 2 GRAPHIC
7 4 E ;§ = g Bl & e & LITHOLOGIC DESCRIPTION
= L2|58|F g 5 Bl g oGy | 4
pEg=—— FEEIELE g e B g
T FoIg 15[2|8]z: FEH
—— ) - = |a = )
g == =
= —r ; " LIMESTONE, light ofive gray (6 B/1) and yellowish gray
| —— o e — (5Y B/1) 1o gresnish gray (5GY 8/1] with some medium
] . Lo 05 wav INB) burrow mottling. Cors is genersily homogensous
T 1 :T:‘ T : T and burrowed throughout. Some plenalites-type burows
= T ; : - -_'_x_‘_, & hive chondrites burrewing Strong HaS odor when broken
—— 14 — o areut
a2 —— s s S—
—— e e Y ORGANIC CARBON AND CARBONATE [%1:
s 4 == [ ik RE====—1% 268
T : i — h Organic carbon
 — P £ T |y Chibiialy a4
= =0
z ====="1K
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§ [ _ rost =R
« |& | _cHanacten e——" "
8 |zulel2 |l g ——— i
8 T
"f% §§ £ g g Elg e . LITHOLOGIC DESCRIPTION pE=—=— ‘t
S AHHEHENE H N SeS==
Fo1g |k EH B2 = § e
a z|=|d = ; 5 : = ;_'_; -
=—rr |} g = |
T LIMESTONE, light gray {NT} and modium dark gray (NA— =
P = = 1.} il B} changing to grayish trown {2,5Y 5/2) nesr 1op Section
T oA 2. Limearona |n Saction 1 has & gently dipping planar fsbrie
) ] bt &5 ngt clearty layered o faminated; some of this due 1o
— ‘.—‘ - bedding parailel and/for compacted burrows. Some maldic
1 —— ! parosity < 1%) 3t 135-150 cm in this section. Limestone
ey | in Sactians 2 and 3 it mare homogeneous and burrowed
g ey throughout Large burrow between 4083 cm in Section
= AP (o = |- 2. Same light colored, slightly coarser-grained carbonate
- e s ] lenses o0 burmow fills a1 base Section 2 and in Section 3.
2 T
< -] - T
= T T * Thin Section:
5 = T 113 1, 140: Limestorn (radiolsrisn mudstonel — comist of
= ' i micrite (B7%) with a Tew radiolaria {3%) and rare forarn
2 . = inifars.
e . ORGANIC CARBON AND CARBONATE [%):
T 1,38
g T Organic carteon -
— Carbonate w2
3 E====C iH
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SITE 540 HOLE CORE 63 CORED INTERVAL  584.0-693.6 m SITE 540  HOLE CORE 66 CORED INTERVAL 612.5-622.0m
2 FOSSIL o FOSSIL
a i < |& CHARACTER
MHAEH Z|l e -REMAE 2| »
we |2z 1k Eluw u%ﬁ’igﬁv LITHOLOGIC DESCRIPTION € [B2iE ; £l GRARC LITHOLOGIC DESCR IPTION
L4+ =3 I Z = = = LITHOLOGY
g3 |EN25|3 3| 2 8 w3 3N Z ki gl w o "
HHEL E ¢ HEFHBEHE +EH
F g H E 5 £ |6 |= 8= E
g [B[3]513 3 ENHEHHE 3
e ) =L
== ? LIMESTONE and CALCAREQUS CLAYSTONE. Lime: e
== ct0am i yallowlsh gray {5Y 8111 1o Ught pray (N7), greenish —_——— LIMESTONE, light gray [N7) 1o llﬁnlli.| way [BGY @),
0. — e i wray (GY 611 an dark gresnish pray (BGY 4/1). Lighter 0. ; T J' T bioturbated throughout with plenas fabric in places, “I; n
1 — A colared zones ganarally homogenecus, burrowed, and have 1 S < :”T‘n < i i “r:“;.ﬂ ;nn‘;d--m_ "nl
== [T 1] I moldic porosity Imicrafossil and small shell molds). Darker = Ll prscypod e ¥ FON. % Sgnget. e
10 : T — § limasinnes have & planar b and s weongly biotubated 1 I — * I:"'m:: T Gl oo o rocis Hol o
s —— | [ptenolites common, some chondritesl. Color changes > —— Pk ertealion:
a —— gradational, Calcareous claystone in Section 2 is dark green- ——— ORGANIC CARBEON AND CARBONATE (%):
H N + ish giey to geenih black [5G 2/1), homogeneous and e e a— 1,87 2,100
» | L —— | burrowed (planolites) with lighter limestona filling bur- = Croepicebon: = Tt
ERE o | rows. Sticag HS dor when core is cut or beoken. E : = T = st w6
oMl eo e s i SMEAR SLIDE SUMMARY (%) b ===
2 o+ 2,68 £ e
) " g 2 ey it
= | 1 Texture: ——
i Sandd T B3 Tk R
st £ H =
" =====F
‘Composition: 2  ——
Ouartz T E ===
Clay ] g2 5 ===
Pyiits 2 ===——=
Carbonate urapec. 26
Calc. nannofossile 1
Iron-oxides 2
SITE 540 HOLE CORE_ 67 CORED INTERVAL  622.0-6315m
DRGANIC CARBON AND CARBOMATE {%): a2 FOSSIL
1,88 1,142 262 - ; | CHARACTER
Organic carbor 18 = - = f,w ul= g 5 #
Carbarate L 27 HAEAHELE = GRAPHIC LITHOLOGIC DESCRIPTION
! ; <3|z g ol B LITHOLOGY E 4
w £ &
SITE 540 HOLE CORE 64 CORED INTERVAL _ 593.5-603.0m 215 |3]2)8 ; i [ E
FOSSIL & H g (3 5 ol b !
* _,WEE*._EW"ER T
§: g E 1% E s GRAPHIC LITHOLDGIC DESCRIPTION e T LIMESTONE, very light gray (NB) to medium gray (NSI,
IE wlz E H 2l g LITHOLOGY e # e e i alternating extersively busrownd and lew burrowed inter-
g = |3 ; 2 § 8| = E —— F’_ vali down 1o =45 em, Section 2, Some wispy laminatiom
= - g H E ; 1 e — or layering, tesembling solution sesms, a5 marked. Some
5 S = a 3 —— "r skalatal debris(?) filly burrows a1 ~12%—130 cm in Section
. 3L 10— 1 1. Micralowil molds Al cammdan in this part of core
! T A 1] . s [ Balow 45 cm in Section 2 limestone i more homogeneous
. E ‘_:_ .—:— = X Ll:ss‘lrs, light ofive gray (5Y B/1] to greanish gray T : T : T : é with sparse medium gray (NS} indistinct burraw mottling
:z ; T T T 1l B8/1), sxtensivaly burrowed, Many planolites-type oM ———— — » Same ites and [ nated, Limestone
2 FP 1 — K b]urrwu in darker ntervals ane filled wath lghter eol.m.w e R ‘.‘ at 118150 cm, Section 3 contiens mixed carbonate sand
g = Imml:h-m:;m‘u mzru.llnumd |nuo:.um m;: -:—, : ,_: T 18 and 3ilt. Thin burrowed catbonate sandy layer at ~3 19 cm
- w @ fabric that dips~ 20" 10 core axis. white T T T Stylalites oceur at base of this section,
E 1.0 N limestone fragment at B2 cm i hard with stylolitic seams T N i Bk
r] Al and apparent tersion cracks; probably an included clast = ———— ORGANIC CARBON AND CARBONATE (%)
rathar than burraw filling. Core has strong HyS odor when 2 2 = 1,145 2,18 380 3123
broken o cut, = ————— Ovganic carbon = 088 -
S, to——" a7 82
ORGANIC CARBON AND CARBONATE (%) i T : oy 2 e
i; 1,70 e ———
Organic earbon - o T
Carbonane L] 23 e e
SITE 540 HOLE CORE 65  CORED INTERVAL  603.0-§125m g =====:
3 T T T
2 SSIL e
- CHARACTER H 3 e J
2 @ o
Er §§3§ EE GRAPHIC e —
HFEE s E LITHOLOGY LITHOLOGIC DESCRIPTION T— T T
A HHHHREE b33, ===== 8
=g |3 T EF i
HHE FEE g = )
2 ———
ir‘t LIMESTONE, very light gray (N8) mortied with light gray
05 d A (N7]. Pieces ut 58, 87, 93, and 146—150 cm ate darker and
g i - d contain wispy, anastomosing clayey seams sround lightsr
3 1 -l | limestane lonses, Burrows comman throughout.
< - g .
N 1.0 0 A ORGANIC CARBON AND CARBONATE (%):
5 oA L6 1,147
$ Organle Carban — 0.72
Carbanate L] o4
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SITE 540 HOLE CORE 88 CORED INTERVAL 6315-6410m SITE 540 HOLE CORE 70  CORED INTERVAL  650,5-660.0 m
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o FOSSIL 2 FOSSIL
§ g | CHARACTER § 1 CHARACTER
EMEHE AR cw(2) 2] 2 Zl 2 -
o, |Ex|E|2|% 5|z GRAPHIC A EE R 2l & GRAPHIC 5
'g ,;é H i : H E LITHOLOGY ; : LITHOLOGIC DESCRIPTION 1% |55|E ] H g E LITHOLOGY ! E . LITHOLOGIC DESCRIPTION
= w AR
g E 5|z g = TFF el = ? 2 S = E -1
i AHHEHE TEH EREHEHHE T
g
e e P Y
—— e ] LIMESTONE, vary fight gray (N8} 1o medium . NS, T : ; — [ LIMESTONE and MARLY LIMESTONE Limestans i
- L—: - ;_ - e homogeneous snd burtowed thr?uvmul_ Same pieces have o —— medium fight gray (NG} 1o bght grey IN7), homogeneow,
=P T & an wglined, planar shadsed fabric. Mottles ocour an darker ———— | and buirove mottled, and fainthy Bod 3 MRess Bl s
1  — * patches in ighter-colored simestone. Slickensides at top and 1 L e — Yiont,. Bacomis sudy, biarbanube: sind). ot iop:Setion 3
=== * i, acrion 1:and 10 Sectian o Lings bt st 10 T with common thin sandy layers some graded and micra-
1.0 e — 140 em, Section 1. Color variations gradational 1 —— | s amimted, B s alag, i witth T carbovinte
—_— ) s sard. Sand fs Ight yallowish gray (5Y B/1]. Maily limastone
— anGancuﬁHONA;IDDCA:R:sUNF\TE 1%} T ——— T : l in Sectiane 4 and 6 is dark gray [N3) to grayish black (N2},
- - s — A8 . —— L N lamninated [sandy laminag], with oocasional Tighter bands.
2 —_— Orgnle siihen * _;-5 e e s— X Ssndy laminge sometimes greded end cromiminated.
< e e Cobacaly — - l Sparse Buimows
s e — — T '
5 —— i =" ! Thin Section
et =———A 5, 72: Limemone (grainstone} — contains pelosds (BO%),
b 2 — ——— 2 —T ; — foramindfars  (20%).  echinoderm  fragments  (30%),
= =====1 moliuse fragments [20%) and rare gusste. Largs caleitn
e P e crystaly  [overgrowths of echinodermal)  scattaved
i — — > S | throughout, Primary parosity 526%
£ == =
R : - :_“ Eii et 'g SMEAR SLIDE SUMMARY (%):
a e pe— e == W 3,23
A ———c—1 [¥]. o
SITE 540 HOLE CORE 89 CORED INTERVA 641,0- 6505 m I S HI Composition:
= Tyt Quarts Tr
- gL [ e e I aa
« |Z CHAR. il 3 T 3y
§ = 2l 8 Zz| w - T : .—;_ Vaolcanic glass Tr
EEHE gl = GRAPHIC S = Glaueanite i
12 |58]E g 5| E | umiotoey | 2 WTHOLOGIC DESC e Carlwmate unspec. 44
g |E7|5(5)2 (8] || ¢# 3 ] ] Forsminlfers 8
£ |5 i g e B i = Cote. nonnclouds 1
s |8 i|a E = Phosphate T
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— v
e ] N
—— T | LIMESTONE, wery light gray [NB) 1o medium gray (NS), ORGANIC CARBON AND CARBONATE (%)
05— darkar colar farming blatchy patches in dominantly lighber A,46 4,62 718
= tHe limestone, Burrowend throughout, Somewhat variabln te: B 4 Dvgenic cirtion ~ 020 -
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10— : T : s ments &t 1op of tha imenesl {iimestone fragments ot 130 = |
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5 e ]
——Tr SMEAR SLIDE SUMMARY (%) cP Wi
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SITE 540 CORE 71 CORED INTERVAL 660.0-6695 m SITE 540 HOLE CORE 72 CORED INTERVA 669.5-679.0 m
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o = FOESIL
« |& ¢ |& CHARACTER
2|5 8l g § SLIATeTel T 2| 2
*t |52 £ | RRpe, LITHOLOGIC DESCHIPTION HAEHE E E: gl e PhLiertgl L i LITHOLOGIC DESCRIPTION
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L |1 1 E 5 F |18 |=1z|&]|% = 2
& & B = |2|2|2|5 B
— —— —.
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= ORGANIC CARBON AND CARBONATE [%1: e —— Organic carbein
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SITE 540  HOLE CORE 73 CORED INTERVAL 679.0-688.5 m SITE 540 HOLE CORE 75 CORED INTERVAL 698.0-7075m
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1.0 " T . with burrowing, Seme planar {abric ae layaring in Sactions < 10 FrFr—— ;
— 1 4nd 2, but overall core 1 burtawed and homogenca § 3 ey e Organic earbon~ —
pe———— e Bodded Intervals in Section 2 shaw seme dight distorions £ | T ey %
o s dus 1o slumping or dilferential compaction. Strong HoS E e ! Carbora
f -_f I : ] ] odor when core i cut o biokan. Sharp color changs from
—— dark (abave) to light (Lalow) t~70 cm, Section 3.
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SITE 540  HOLE CORE_77 CORED INTERVAL 717.0-7265 m SITE 540 HOLE CORE 78 CORED INTERVAL  726.5-736.0 m
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§ g CHARACTER » | CHARACTER
Tul2| 2] F EM IR g g
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05+—"I= A carbonate with varying proportions of skelotal carbonate 7 Many burrcws lilked with fine- 1o coarse-grained carboriate
1 — ] sand. Between top Section | and =110 em, Section 2 and ' e s Thin Barises- st eyiers o thit sarid re: sk pomn
— A Butween ~ 70 cm, Secton 3 and base of core this mestone T throughout. In fiest two sect:ons dark bands are about 1-3
a—————— contains. stundant small lenms and burrow fils of mostly === em thick, fightor ones —3-5 cm thick, Below this darkes
S e — A wery fine- 1o fine-grained skeletsl material. Subordiname e —— zamed are thicker, more dithuss and Iegulasly distributed
—_— | medium: tn very cosssgrained marerial L aho pressnt S m——— Vertical stydulites b Section 1 ot 35-50 em,
- 3, |! Between sbout 110 em, Section 2 and 70 cm, Section 3 —
e a— rack is dominanily greenish gray, poorly sorted, coare ——— ORGANIC CARBON AND CARBONATE (%):
= grened 1o granule grode limestone igrainstonel, Fine- = — il 5, 57
b Tt prained limestons (mudstane] intarhads are prasant ba- T frabef irganic carbon - -
& |FP — tween  ~0—70 cm, Section 3, Grainy include oyster sd [FM === t Carbonste w8
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SITE 540 HOLE CORE 79 CORED INTERVAL  736.0-745.5 m
g FOSSIL
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SITES 535, 539 AND 540
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SITES 535, 539 AND 540
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SITES 535, 539 AND 540
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SITES 535, 539 AND 540
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SITES 535, 539 AND 540
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SITES 535, 539 AND 540
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