4. SITE 515: BRAZIL BASIN!

Shipboard Scientific Party?

HOLES 515, 515A, 515B

Date occupied: 29 February 1980
Date departed: 9 March 1980
Time on site: 212.7 hr.

Number of holes: 3

Position: 515 26°14.33'S; 36°30.17'W
515A 26°14.31°S; 36°30.17'W
515B 26°14.32'S; 36°30.19'W

515 515A 515B
Water depth (sea level; corrected

m, echo-sounding): 4250.4  4252.0  4252.0
Water depth (rig floor; corrected

m, echo-sounding); 4260.4  4262.0 4262.0
Bottom felt (m, drill pipe): 4265.0  4266.6  4266.6
Penetration (m): 55.5 107.9 636.4
Number of cores: 3 27 57
Total length of cored section

(m): 17.5 107.9 541.5
Total core recovered (m): 5.45 95.69  429.10
Core recovery (%): 31 89 79
Oldest sediment cored:

Depth sub-bottom (m): 636.4

Nature: Zeolite-rich calcareous mudstone
Age: early Eocene
Measured velocity (km/s): 1.87 to 2.14

Principal results: Hole 515 was rotary drilled and washed to 55 m, but
the drilling was terminated when the pressure core barrel jammed
in the bottom-hole assembly. In Hole 515A, the hydraulic piston
corer (HPC) was used to core to 107.9 m, with 89% recovery. Hole
515B was washed to 94.9 m, rotary drilled to 636.4 m, with 79%
recovery. The lithologic section is divided into three lithologic
units,

Unit 1 consists of 180 m of grayish brown terrigenous mud of
Quaternary to middle Miocene age, with occasional nannofossil-
rich and foraminifer-rich layers in the upper part. Subunit 2a is
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351 m of dark greenish gray biosiliceous mud and mudstone of
middle Miocene to late Oligocene age with occasional nannoplank-
ton-rich and rare foraminifer-rich horizons. Subunit 2b contains
84 m of dark greenish gray terrigenous mudstone of late Oligocene
age, with only traces of siliceous microfossils and evidence of silica
diagenesis. Unit 3 is 20 m (minimum) of lower Eocene greenish
gray calcareous zeolitic mudstone.

Site 515 was chosen to study the onset and variability of the
flow of Antarctic Bottom Water (AABW) through the Vema Chan-
nel into the Brazil Basin. The 22 Ma hiatus between Subunits 2b
and 3 includes the Eocene/Oligocene boundary, which might cor-
respond with the onset of AABW production. The lithologic
boundary between Subunit 2b and Unit 3 corresponds precisely to
a sharp and strongly discordant acoustic reflector, which extends
throughout the Brazil Basin. The overlying sediments of Units 1.
and 2 are fine grained.

Early Eocene. Pelagic carbonates accumulated at normal rates
of approximately 4 m/Ma during the early Eocene (Cores 515B-
56 and 515B-57). Core 515B-56 grades upward from a pelagic car-
bonate to a dissolution facies consisting of a zeolitic clay with de-
trital mineral grains. The core contains thin laminations and cross
laminations and a weak magnetic grain fabric aligned in a north-
northeast direction, all evidence of active bottom currents begin-
ning in the early Eocene.

Early Oligocene to middle Miocene. Biosiliceous and terrige-
nous mudstones accumulated rapidly (approximately 40 m/Ma).
Considerable amounts of detrital minerals and intermittent lami-
nated intervals indicate persistent bottom-current activity. The ces-
sation of siliceous sedimentation during the middle Miocene is an
oceanwide event in the tropical and temperate Atlantic and reflects
a major threshold event of paleocirculation. That event is prob-
ably related to the widening of Drake Passage and consequent
deepening of the eastward circumpolar flow, which may in turn
have shifted the South Atlantic circulation from a pattern of me-
ridional flow to one of zonal flow. The initiation of strong east-
ward circumpolar flow may have blocked the entry of cold and
productive Antarctic and sub-Antarctic waters into the South and
central Atlantic, and siliceous sedimentation abruptly ceased in the
lower and middle latitudes.

Middle Miocene to middle Pleistocene. Terrigenous mudstones
and intermittent layers of biogenic carbonate accumulated at rates
of about 20 m/Ma. Absence of significant quantities of displaced
Antarctic diatoms before the middle Pleistocene suggests that
AABW flow was relatively weak before the middle Pleistocene at
Site 515 or that the disappearance of diatoms downcore is due to
postdepositional dissolution of siliceous tests. Alternatively, there
may be an overprint of postdepositional dissolution of silica in the
depth intervals of the Vema Channel above the regions of the
strongest flow. Hence, the absence of displaced Antarctic diatoms
is not necessarily evidence against the flow of AABW, if such a dis-
solution effect can be documented.

Middle Pleistocene to Recent. Abrupt changes in sediment fa-
cies occur on a time scale of 10* to 10° yr., indicating that strong
fluctuations in depositional mechanisms, particularly turbidity cur-
rents and thermohaline bottom currents, also occur on such time
scales. Carbonate spikes indicating as much as 30% CaCO; occur
intermittently within carbonate-free terrigenous mud. These spikes
do not generally correspond to peak abundances of displaced Ant-
arctic diatoms. Two independent processes of redeposition have
influenced the late Pleistocene and Recent depositional history at
Site 515. Calcareous debris is probably reworked downslope from
the northern flanks of the Rio Grande Rise or from the Sao Paulo
Plateau, and the finer components of that sediment, perhaps distal
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SITE 515

turbidites, produced the carbonate spikes. Pulses of AABW from
the south are recorded by the presence of displaced Antarctic dia-
toms.

BACKGROUND AND OBJECTIVES

Site 515 lies in the southern Brazil Basin about
200 km north of the northern exit of the Vema Channel
(Fig. 1). The site is located near the crest of a sediment
drift and lies within a broad field of sediment waves.
Thick sediments (about 1.6 s total thickness) overlie oce-
anic basement of Cenomanian-Turonian age (approxi-
mately 95 Ma). The main objective of drilling was to de-
termine the history of Antarctic Bottom Water (AABW)
flow through the Vema Channel during the Cenozoic, at
a location sufficiently far north of the Channel exit to
represent a clear depositional environment. The upper
part of the sediment pile was expected to include sedi-
ment eroded from the Vema Channel area and regions
much farther south, then entrained in AABW flow and
transported northward (Ewing et al., 1971; Le Pichon et
al., 1971). Fluctuations in the strength and volume of
AABW flow should relate to global climatic changes;
and they should be represented in the sediments by
changes in accumulation rate, depositional fabric, car-
bonate content, the proportion of reworked sediment
(including volcanic and other terrigenous debris, and

microfossils), and grain size (Johnson et al., 1977; Ell-
wood and Ledbetter, 1977).

A consensus is developing that deep thermohaline
convection began in the latest Eocene or earliest Oligo-
cene and was responsible for greatly invigorating the
oceanic thermohaline circulation (Benson, 1975; Savin
et al., 1975; Kennett and Shackleton, 1976). Even if this
is true for high southern latitudes, the northward move-
ment of AABW into the Brazil Basin may have been de-
layed until much later by the presence of topographic
barriers in the Falkland/Scotia Arc complex or in the
Vema Channel itself. We planned to drill into the Eo-
cene at Site 515 or until AABW was clearly no longer an
effective control on sedimentation, whichever occurred
deeper in the sediment pile. The Eocene sediment was
expected to be pelagic or hemipelagic clay, representing
a much quieter depositional environment, and reflection
profiles across the site suggested a downward transition
from higher energy conditions of sedimentation at a re-
flector at about 0.7 s (about 600 m) sub-bottom (Gam-
boa et al., this volume). We anticipated drilling to 700 to
800 m sub-bottom depth.

Relatively undisturbed hydraulic piston corer (HPC)
samples facilitated studies of AABW fluctuations on the
scale of the orbitally induced climatic variations (104 to
105 yr.). In addition, detailed studies of HPC samples at
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Figure 1. Location map showing positions of Leg 72 sites, marine magnetic anomalies, and generalized

bathymetry.
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all four Leg 72 sites were intended to interpret fluctua-
tions in deep and bottom water flow on the basis of the
lithologic, paleontologic, paleomagnetic, and stable iso-
topic evidence present in the cores.

OPERATIONS

Leg 72 commenced when Glomar Challenger left San-
tos, Brazil, late in the evening of 26 February enroute to
Site 515 in the Brazil Basin at 26°14.33’S, 36°30.17' W,
We approached the site on heading 091° at about 6 knots,
dropped the beacon at 1820Z on 29 February, and con-
tinued on course for 30 minutes to extend the precision
depth recorder (PDR) and reflection records beyond the
site (Fig. 2). Glomar Challenger was on site at 2020Z,
29 February.

We planned to begin with rotary drilling operations,
then drop the bit and sample the upper 100 or 200 m of
the sedimentary section with the hydraulic piston corer,
The first core from Hole 515 arrived on deck at 08497,
1 March. After two cores, the pressurized core barrel
(PCB) jammed at 55 m sub-bottom forcing us to pull
the drill string commencing at 1600Z, 1 March. Because
any time gained by not tripping the pipe would be large-
ly offset by the frequent spot rotary coring required to
ascertain the ultimate depth of HPC penetration, we
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abandoned our original drilling plan. We decided to use
the HPC for Hole 515A.

The location of the ship was offset 50 m to the north-
east, and the mudline core of Hole 515A was recovered
at 1206Z on 2 March. In general, the HPC worked very
well and operations proceeded smoothly to a depth of
107.9 m sub-bottom, at which point Hole 515A was
abandoned because of HPC refusal. We began pulling
pipe at 0445Z on 4 March. Twenty-seven HPC cores
were cut at 515A, and 95.69 m of unconsolidated sedi-
ment was recovered.

Hole 515B was washed to a sub-bottom depth of
94.9 m below mudline, and then the section was cored
continuously. The first core arrived on deck at 0054Z,
5 March. Our objective was to penetrate a midsection
reflector of regional extent at a time-depth of about
0.74 s, which was expected to represent the onset of
AABW flow into the Brazil Basin. At 617 m, we pene-
trated the reflecting horizon in the form of a transition
from Oligocene mudstone to Eocene zeolitic mudstone
and continued drilling to a depth of 636.4 m. Because
the Planning Committee objectives were fulfilled, oper-
ations at Site 515 were terminated with the recovery of
Core 57 at 0126Z, 9 March. A total of 541.5 m of sedi-
ment was cored in Hole 515B, with a total recovery of
429.1 m (Table 1).
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Figure 2. Approach and departure, Site 515.
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SITE 515

Table 1. Coring summary, Site 515. After 9 days, we left Site 515 at 1130Z on 9 March
heading 000° at a speed of approximately 6 knots; we
Date Depth from  Depth below Length Length Core ags .
(March Time drll floor scafloor  cored recovered  recovred streamed profiling gear, turned, and approached the site
e N, S 5 e o e ™ on heading 180°. As we passed over the beacon at 1219Z,
Hale 213 we changed course to 164° enroute to Site 516 on the
g
1 1 0849 4265.0-4266.5 0.0-1.5 1.5 1.50 100 i i
2 I 1220 4304.5-4314.0  39.5-49.0 95 3.95 2 Rio Grande Rise.
3 | 2200  4314.0-4320.5 49.0-55.5 6.5 0.00 0
17.5 5.45 3 SEDIMENT LITHOLOGY
Hole 3130 Three units can be defined at Site 515 on the basis of
3 3 o Akeoarne 192 A3 B 0% lithology and color (Fig. 3). These units are described
: 4270.9-4275.3  4.3-8. 44 09 9 . b f the sit I § th
2 1505 4275.3-4279.7 8.7-13.1 4.4 4.4] 100 x “)C &
4 2 1621  4279.7-4284.1 13.1-17.5 4.4 4.41 mo: fom top to ottom o i pt s 1n paren s
5 2 1736 4284.1-4288.5  17.5-21.9 44 425 97 are sub-bottom depths).
to3 b mmes dem a2
A . .3-30. v LX + .
8 3 2015 42073-43017  30.7-35.1 44 460 100+ Unit 1: Terrigenous Mud and Clay (0-180 m)
9 2 2217 4301.7-4306.1 35.1-39.5 4.4 4.39 100 = .
W eGSR Bias M W 2 This unit (Cores 515A-1 to 515A-27 and Cores 515B-1
2 3 o :g:;;j;g: :gii-gﬂ :: :: s to 515B-9) is composed of grayish brown terrigenous
o3 o 43237432811 ST.A-61.5 44 436 99 mud and clay with occasional nannofossil-rich layers
:E i EE ﬁ%j%jggsj s bW s and some foraminifer-rich layers. Throughout most of
.5-4340.5 69.9-73.9 4.0 3.81 95 3 3 i -
M 3 P sweame $ana Py 38 8 this umt,-clay content is 75-85%, quartz pl}xs feldspar
19 3 1548 4344.5-4348.5  779-819 40 186 46 10%, pyrite and micronodules 2%, heavy minerals 2%,
20 3 1310 4348.5-4352.5 81.9-85.9 4.0 0.00 0 . . d.
23 m smsass s 30 309 100+ and mica about 1%. The average texture is 3% sand,
5 3 %Qﬂ; 5551;543217,‘5 P o B e 20% silt, and 77% clay. Unit 1 is homogeneous except
61.5-4365.5 94.9-98.9 4.0 4.03 100 1 1 -
B3 By asaaas Mamd A8 e for a few dark spots and laminations that oc?ur'thrf:)ugh
26 4 0154 4369.0-43720 1024-1054 3.0 2.50 83 out. Dark spots are probably burrows, indicating a
2 W 0 SRR AR e 2 small amount of bioturbation, which increases towards
107.9 95.69 29 'y
the base of this unit. The paucity of laminations through-
Hole 5158
out this section suggests little variation in the flow regime
‘Wash 4 — 4266.6-4361.5 0.0-94.9 — — - v
1 % B osesdno Helud % 40 B at the bottom during its deposition. Unit 1 was HPC
: i m 4;%;:390'.0 113.9-123.4 9.5 9.15 96 sampled at Hole 515A and rotary cored at Hole 515B.
L.0-4399.5 4-132.9 9. 9.40 =
s3 oms :q“gg,m.g ﬁ%;:.u.a 55 s 4 HPC samples are far less deformed than their counter-
X 18, 142.4-151.9 9.5 9.64 100
T3 105 MiBse0 LSLasi4 95 6er 0 parts from 515B. ds of Uni o neheiiad
28.0-4437.5  161.4-170.9 9.5 5.47 58 -
9 5 1335 4437.5-4447.0  170.9-180.4 9.5 0,05 0.5 The ?arbonate f!‘ee o 0 Umt 1 are Inter .e o
10 5 1535 4447.0-4456.5 180.4-189.9 9.5 5.4 57 with thin zones slightly enriched in CaCOj; (Fig. 4).
11 5 1709  4456.5-4466.0 189.9-199.4 0.5 9.35 96 * 3
25l wes0-wTss 1942089 93 440 46 Peak values of the carbonate-bearing zones vary from
1 R K .9-218. . . 2
o i’é‘: ﬁﬁ,éﬁﬁ_? i 2 2% b values of only 1-5% to maxima of 25-30% (Shor et al.,
4494.5-4504.0 227.9-237.4 9.5 6.71 b 1 -
i3 3 o nonna maad B T o this volume). The zones occur throughout the Pleisto
17 6 0202 4513.5-4523.0 246.9-2564 9.5 4.64 49 cene and Holocene sections (from the top of the cored
18 6 0340 4523.0-4532.5 256.4-265.9 9.5 2.35 25 . . . A 11
196 00 4SS4se0 2954 93 577 61 section to approximately 44 m sub-bottom in 515A-11),
g ¢ S.E%E BnsshD. N a5 B o but these carbonate-rich zones are more rare below the
1 4561.0-4570.5  294.4-303.9 9.5 8.50 &9 i i i
3 ¢ o swsim dmauie o3 o o Phllfels(;ocenq. Tt‘he lrlelatlon ol:‘ c*;ﬂtrfl_:ona:le1 prcslt:rtv;tlgn at
1 X 9.5 313.4-3229 9.5 0.27 3
25 6 1501  4589.5-4599.0 322.9-3324 9.5 9.30 98 this eep site .0 the Strengt X wiid roug e e.ma
2 6 leW 4mOdMs Imaus 33 am  w Channel, erosion of exposed carbonates, and corrosive-
26 a ﬁxs:?-&srl.'s 351.4-3609 9.5 9.93 100+ ness of bottom water in the Brazil Basin is the subject of
] 2114 27.5-4637.0  360.9-370.4 9.5 9.80 100+ 1
D6 M deodelss 304399 93 973 100+ a separate Chap_terlfShm etal., thlfs ‘}';Olgfne)° )
4646.5-4656.0  379.9-389.4 9.5 9.73 100+ dan -
2 T 0031 4656.0-4665.5  389.4-398.9 9.5 9.79 100+ Anincrease Int e.a.bun Ce.o the J‘o-gen-“: Compo
1 7 0309 4665.5-4675.0 398.9-408.4 9.5 977 100+ nent marks the transition of Unit 1 to Unit 2.
ook geen man n o W
% 2 9 " & A + P s -
36 7 080} 4694.0-4701.5 427.4-4369 9.5 940  » Unit 2: Siliceous Mud and Siliceous and Terrigenous
Ex) i 0925  4703.5-4713.0 436.9-446.4 9.5 2.7 100
3: 7 1110 4713.0-4722.5 446.4-4559 9.5 9.81 100+ Mudstone (180-617 m)
3 7 1251 4722.5-4732.0  455.9-465.4 9.5 9.7 100+ P "
-:]J : i;g;f i;i?ﬁ;}i'ﬁ m.aﬁs ;.i :.gg :g This unit (Cores 515B-10 to 515B-55) consists of dark
i " 474.9 4 i A 1 . aye . g
42 7 1721 41510-4760.5 4844939 95 0.0 L greenish gray siliceous mud grading down to a siliceous
B 7 i amoem3 weades 93 &m % and terrigenous mudstone. Unit 2 is divided into two
45 7 2000 4779.5-4789.0  512.9-522.4 9.5 9.15 9% H i i ic sili
% 5 B Doy e e iz B subunits on the basis of biogenic silica content.
4. 8 2 imesamo nissul4 93 1@ B Subunit 2a (180-531 m sub-bottom depth, Cores
8 i 4-550.9 925 5.96 63 . . .y
49 8 0730 4817.5-4827.0 550.9-560.4 9.5 7.68 81 515B-10 to 515B-46) consists of dark greenish gray sili-
;E E e Mt Bany ¢ w8 ceous mud and mudstone. In general, the clay content
5 1343 4846.0-4855.5  579.4-588.9 9.5 1.10 12 1 it 1 .
2 8 beferen T ¥ 4 M of th1§ unit is a}bout' 75%; quartz and feldsgar a_bOut
#o8 1M Mesodeas M4y 95 23 2 5%; siliceous biogenic remains (diatoms, radiolarians,
56 8 2244 48B4.0-4893.5 6IT.46269 9.5 9.35 98 and sponge spicules) about 15%; and micronodules, py-
T8 016 48S40s0 626.5-6364 s‘?': 42;‘:; :j rite, heavy minerals, and mica together about 5%. Cal-

careous nannofossils reach 10% in abundance in some
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Figure 3. Major lithologic units, Site 515.

layers. Chamosite is abundant in spherules, and these
gradually increase downward.

Sedimentary structures appear with increasing fre-
quency in the lower portion of Unit 2. The lithified por-
tions of Unit 2 (below Core 515B-18) contain faults (not
due to drilling) and flattened burrows, suggesting com-
paction. Scattered parallel and cross laminations, pos-
sible ripple marks, silty laminae (perhaps evidence of
winnowing), sedimentary folds and rip-up clasts (Fig. 5),
indicate an increase in the flow regime and perhaps
higher sedimentation rates during deposition of the low-

er part of Subunit 2a. At the base of Subunit 2a, sili-
ceous microfossils are calcified.

Subunit 2b (531-615 m sub-bottom depth, Cores
515B-47 to 515B-55) contains dark greenish gray terrige-
nous mudstones. Siliceous microfossils are absent or
present only in traces. Well-defined, light greenish gray
laminated layers about 10 to 15 cm in thickness occur in
Subunit 2b, but are rare. Lighter-colored layers are rich
in nannofossils and often are altered to chert at their
base. These layers have sharp basal contacts in contrast
to gradational contacts at their tops. The basal contacts
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Figure 4, CaCO, concentration versus sub-bottom depth, Hole 515A.
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may indicate pulses of bottom water flow that transport-
ed siliceous and calcareous organisms into the Brazil
Basin, or distal members of turbidites deposited by
flows from the Rio Grande Rise.

A well-defined unconformity spanning approximate-
ly 22 Ma and represented by a lag deposit at the base of
Core 515B-55 (617 m sub-bottom) marks the contact be-
tween Unit 2 and Unit 3. The lag deposit consists of sub-
rounded to subangular grains of fine sand, composed
mainly of quartz, fish teeth, glauconite, biotite, and as-
sorted heavy minerals, including zircon. Many of the
quartz grains have rutile inclusions. The base of Unit 2
changes to a brown-gray color close to the contact with
Unit 3.

Unit 3: Calcareous Zeolitic Mudstone (617-636.4 m)

Unit 3 (Cores 515B-56 and 515B-57) contains green-
ish gray calcareous zeolitic mudstone. Color varies con-
siderably within this unit; both the color range and pat-
terns are striking. The top of Unit 3 is yellowish brown
and changes downward to a greenish gray color, per-
haps indicating exposure of the top portion of Unit 3 to
currents at the seafloor. The average grain size is about
2% sand, 42% silt, and 56% clay. Clay-rich layers be-
come dark gray to black at the top of the unit and alter-
nate with silty layers. The dark clay-rich layers contain
biotite and are very poor in organic matter. Carbonate
content is low in the upper 4 m of Unit 3, but below that
level calcareous nannofossils reach concentrations of
20% or more. Zeolites are abundant throughout, reach-
ing a maximum of 15% (visual estimates). Parallel bed-
ding, cross laminations (515B-56-5, 0-10 cm), and pos-
sible climbing ripples or current ripples are also present
(Fig. 6). Winnowing occurs, and bioturbation is exten-
sive. Burrows are flattened parallel to bedding and often
resemble laminations.

Calcite Compensation Depth

The calcite compensation depth (CCD) may be esti-
mated by backtracking from the early Eocene (about
52 Ma) sediments directly beneath the hiatus at 617 m,
and the middle Oligocene (about 30 Ma) sediments di-
rectly above. The former contain 10-20% carbonate,
but poor preservation and low diversity suggest that the
site lay not too far above the early Eocene CCD. Calcar-
eous microfossils occur only sporadically in the basal
Oligocene sediments, therefore the mid-Oligocene CCD
lay, for the most part, above the site.

Based on ocean-floor subsidence curves (Parsons and
Sclater, 1977), and assuming a basement age of 98 Ma
subsidence through cooling is estimated as 820 m since
the early Eocene (52 Ma), but only about 410 m since
the middle Oligocene (30 Ma).

Calculation of the isostatic response to post-Eocene
sedimentation depends upon assumptions about the ef-
fect of that load on the compaction and diagenetic alter-
ation of the underlying sediment. If these effects are ne-
glected, removal of 617 m of sediment of mean density
1.65 g/cm? would lower the seabed by about 448 m. As-
suming, more realistically, that post-Eocene deposition
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Figure 5. Cross laminations and rip-up clasts in Sample 515B-46-1,
73-82 cm.

has affected the underlying sediment, then it is more
reasonable to strip off the same weight of sediment, but
in a more compacted state. In this case, that is equiva-
lent to extracting a central or a lower section of the sedi-
ment pile, here more than 1.6 km thick, rather than the
uppermost. Assuming a density of 2.0 g/cm? for that in-
terval, the seabed is only depressed by 225 m. This value
is appropriate for both the lower Eocene and middle
Oligocene, assuming that compaction occurs mainly un-
der nonhydrostatic load.

Combining the cooling and the isostatic effects, the
early Eocene CCD (52 Ma) at Site 515 was below 3665 m
(= 4260 + 225 — 820), and in the middle Oligocene (30
Ma) the CCD was above 4075 m (= 4260 + 225 — 410).
The Eocene value is considerably deeper than that deter-
mined by van Andel and others (1977) for the Pacific
but close to that of Berger (1972). The Oligocene depth
agrees with most models.

SEDIMENTARY GEOCHEMISTRY

Results of the shipboard geochemical analyses are
given in Table 2 and in Figure 7. Salinity and the calcium
and magnesium ion concentrations are uniformly related
to sub-bottom depth. Salinity and Mg+2 decrease, but
Ca*2 increases.
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Figure 6. Parallel bedding and cross laminations in Sample 515B-56-5,
0-15 cm.

Carbonate Analysis

Routine carbonate bomb analyses were performed on
samples obtained at 50-cm intervals (3 per section) in
HPC cores from Hole 515A, and on one sample per core
for the remainder of the site (Holes 515 and 515B). Val-
ues are listed on the core description forms accompany-
ing this chapter. Shore laboratory analyses were made
on samples from Hole 515A, Cores 1 to 14, at 10-cm in-
tervals (Shor et al., this volume).
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Table 2. Shipboard geochemical analyses for Site 515 samples.

Sub-bottom
Core-section depth Salinity Chlorinity Alkalinity  Calcium Magnesium
(interval in cm) (m) pH (%a) (%) (meg/1)  (mmoles/I) (mmoles/1)
Hole 515A
2-2, 143-140 42.43-42.50 7.588 352 19.48 3.954 14.71 4488
Hole 5158
1-3, 140-150 99.30-99.40  7.396 344 19.51 3,881 17.09 38.10
6-3, 144-150 146.04-146.90 7.156 34.1 19.28 4.843 18.32 3288
11-5, 140-150  197.30-197.40 7.211 34.1 19.38 5.879 19.98 26.67
16-2, 140-150  240.30-240.40 7.404 34.1 19.41 7087 21.12 23.32
21-4, 140-150  290.80-290.90 7.913 33.6 19.31 7.103 22.20 20.08
26-1, 140-150  333.80-333.90 7.502 113 19.68 4.381 2.2 18.20
31-4, 140-150  3B85.80-385.90 7.872 333 19.51 6.516 24.13 15.22
364, 140-150  433.30-433.40 7916 313 19.41 6.334 25.83 14.02
39-5, 140-150  463.30-463.40 7.676 1.0 19.58 1.301 22.81 12.42
41-5, 140-150  482.20-482.40 7.899 3.0 19.55 4.164 24.38 12.07
46-5, 140-150  529.80-529.90 7.985 2 19.28 3.204 25.76 11.48
51-3, 140150  574.30-574.40 B.054 e 19.21 — 24.90 10.56
§5-5, 140-150  615.30-615.40 -_— 3.1 1817 - 25.36 11.03
Note: Dashes indicate that information was not available.
Salinity Chlorinity Alkalinity ++ 44
H C 1/l M I
p (%) (%) (mea/kg) s Ca " (mmol/l) aMg  (mmol/l)
7 8 34 36 18 20 0 10 10 15 20 25 30 35 40 45
1 1 1 1 1 ] 1 1 1 1 i 1 1 1 1
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Figure 7. Pore water chemistry at Site 515.

The low carbonate contents of sediments from this
site are near the precision of the bomb method ( + 1%).
The minimum detection level in the present case is limit-
ed by the detection limit of the pressure sensor for the
given size of sample and varies from 3 to 4%.

X-Ray Diffraction (XRD) Analysis

X-ray diffractograms were routinely generated by a
Rigaku machine fitted with a Cu tube emitting CuK« ra-
diation at 30 kV, 10 mA. For an introduction to some of
the operational peculiarities of the shipboard system

and methods of sample preparation and analysis, see
Coulbourn, this volume.

Interpretation of 108 X-ray diffractograms for Hole
515B indicates a major break in clay mineral composi-
tion within Core 56 between 618 and 620 m sub-bottom.
Above that level, peaks suggest that montmorillonite, il-
lite, quartz, and phillipsite are most characteristic of the
section cored. Kaolinite is abundant at Hole 515A and
in the uppermost cores at 515B. Calcite is present in the
lighter-colored laminations; fluorapatite occurs in bur-
rows at 515B-23-1, 94 cm, and 515B-39-2, 90 cm, and



the microspherules described from burrows at 515B-
22-3, 14 cm are chamosite oolites. The major lithologic
break sampled by the core catcher of Core 515B-55
(boundary between Units 2 and 3) corresponds to an ab-
rupt change in XRD patterns from montmorillonitic
clays of Unit 2 to clinoptilolite-rich sediments of Unit 3.
The change is spread over the first four sections of Core
515B-56.

Below 620 m sub-bottom (Sample 515B-56-21, 70 cm)
clinoptilolite, calcite, and quartz are the dominant min-
eral components of the section. Montmorillonite and il-
lite either are absent or occur as minor components of
the sediment. A cherty horizon occurs at Sample 515B-
57-1, 38 cm,

BIOSTRATIGRAPHY

Recent to lower Eocene sediments were recovered at
Site 515. Abundant diatoms and radiolarians are pres-
ent within middle Miocene to upper Oligocene samples
from Cores 515B-8 through 515B-44. Based on the fre-
quency and preservation of the calcareous microfossils,
a twofold subdivision of the stratigraphic section is ap-
parent.

The Quaternary to lower Oligocene sediment, from 0
to 617 m sub-bottom depth, contains low relative abun-
dances of calcareous microfossils, perhaps the result of
dilution by the rapid accumulation of transported ter-
rigenous bottom sediments. The preservation of the cal-
careous microfossils is generally poor; strong effects of
carbonate dissolution are visible at most levels. Dilution
and dissolution are predominant over the effects of sur-
face productivity at this site, and barren intervals sepa-
rate intervals with calcareous microfossils throughout.
As a result, it is impossible to determine whether the
sedimentation in this part of the section is continuous.

At 541 m sub-bottom (Core 515B-47), a concentra-
tion of fish debris and a decrease in the abundance and
preservation of siliceous microfossils indicate an envi-
ronmental change. Slightly lower in the section (Core
515B-48), well-preserved planktonic foraminifers are
associated with an unusual assemblage of benthic fora-
minifers dominated by the genera Pyrulina, Lagena,
and Ellipsoidella. Farther down the section, this assem-
blage alternates with a second assemblage containing
simple-structured, agglutinated benthic foraminifers.
The oldest event in this stratigraphic interval is the grad-
ual disappearance of nannofossils near Core 515B-52.

The concentration of fish debris suggests slow sedi-
mentation, indicating dissolution of the remaining bio-
genic fraction. Predominance of simple-agglutinated for-
aminifers is also related to carbonate dissolution, typ-
ical in regions of great water depth where the tests of
calcareous benthic foraminifers cannot remain intact af-
ter their death (e.g., the North Pacific today). The high
abundance of fish debris and the presence of the as-
semblage of simple-agglutinated foraminifers between
Cores 515B-47 and 515B-55 coincides with the intervals
that are barren of other calcareous microfossils. At in-
tervals where planktonic foraminifers are abundant, the
assemblage of simple-agglutinated foraminifers is re-
placed by the calcareous benthic assemblage. This fau-
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nal periodicity is related to variations in the CCD and
accumulation rate. The barren intervals represent epi-
sodes of relatively slow accumulation and, conversely,
the calcareous intervals represent episodes of faster ac-
cumulation, effectively protecting the local (in situ) cal-
careous fauna from dissolution. In the upper part of the
section (Cores 515B-1 to 515B-46), the absence of sim-
ple-agglutinated foraminifers and concentrations of fish
remains suggests a different depositional history. There,
faunal abundance may be related to CCD fluctuations
only, while the sedimentation rate remained consistently
high.

The biostratigraphic subdivision of Unit 3, from 623
to 636 m sub-bottom, is based on abundant lower Eo-
cene calcareous microfossils with variable, but mostly
good, preservation. Recognition of three successive bio-
zones within this unit indicates continuous sedimenta-
tion at slow rates. Lithologic Unit 1 and Subunits 2a and
2b are separated from Unit 3 by a major hiatus of about
22 Ma duration from the early Eocene (52 Ma) to mid-
dle Oligocene (30 Ma).

Nannoplankton

Unless otherwise noted, age determination and zonal
boundaries are based upon smear slides of core catcher
samples. The standard Cenozoic zonations of Martini
(1971) and Gartner (1977) were used for stratigraphic
age determination. Seven biostratigraphic intervals were
identified based on investigation of 153 samples:

1) Quaternary (Cores 515-1 and 515-2; 515A-1 to
515A-10)

2) lower Pliocene to middle Miocene (Cores 515B-6
to 515B-10)

3) middle Miocene (Core 515B-11)

4) lower Miocene (Cores 515B-22 to 515B-35)

5) upper Oligocene (Cores 515B-37 to 515B-48)

6) ?upper Oligocene (Core 515B-52)

7) lower Eocene (Cores 515B-56 to 515B-57)

Quaternary

Quaternary sediments were recovered only in the
HPC cores of Holes 515 and 515A. Rare to common but
poorly preserved assemblages were found throughout
the Quaternary section. The assemblages in Cores 515-1
and 515A-1 belong to Emiliania huxleyi/Gephyrocapsa
oceanica zones (NN21/20). The distinction between the
E. huxleyi and G. oceanica zones is difficult because of
the close resemblance of the nominal species when they
are analyzed by light microscope only. The last occur-
rence of Pseudoemiliania lacunosa marks the base of
Zone NN20. Principal floral components include Ge-
phyrocapsa oceanica, Ceratolithus cristatus, C. teles-
mus, Cyclococcolithus leptoporus, Helicopontosphaera
kamptneri, and Rhabdosphaera clavigera.

The assemblages from Cores 515-2 and 515A-3 con-
tain Pseudoemiliania lacunosa but lack discoasters, in-
dicating the P. lacunosa Zone s.1. (NN19). Core 515A-3
belongs to the P. lacunosa Zone s.s., which according to
Gartner (1977) equals the upper part of Martini’s (1971)
P. lacunosa Zone s.1, Cyclococcolithina macintyrei and
Helicopontosphaera sellii occur together in Core 515-2.
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This interval represents the C. macintyrei Zone, which is
the base of Martini’s (1971) P. lacunosa Zone.

Lower Pliocene to Middle Miocene

Lower Pliocene (NN16) to ?upper Miocene floras were
recovered in Cores 515B-6 to 515B-10. The top of this
interval is drawn at the last occurrence of Discoaster
challengeri (middle part of D. surculus Zone—NN16)
and the base at the co-occurrence of D. deflandrei and
D. cf. pentaradiatus. The samples are often barren.

Middle Miocene

Middle Miocene sediments were recovered only in
Core 515B-11. The range of Discoaster kugleri restricts
this poorly preserved assemblage to NN7 or the lower
part of NNS8.

Lower Miocene

Generally few to common and poorly preserved low-
er Miocene assemblages occur in the interval 515B-23 to
515B-27 with the index species Cyclococcolithus neo-
gammation, D. druggi, and Sphenolithus heteromor-
phus. These assemblages indicate the S. belemnos Zone
(NN3) to the S. heteromorphus Zone (NNS) of the early
Miocene. Cores 515B-28 to 515B-34 are barren of coc-
coliths. D. druggi and Triquetrorhabdulus carinatus co-
occur in the poorly preserved assemblages of Core 515B-
35. This interval represents the D. druggi Zone (NN2).

Lower Miocene to Upper Oligocene

The Miocene/Oligocene boundary corresponds ap-
proximately with the last occurrences of S. ciperoensis
and H. recta (Martini, 1971). The preservation of the as-
semblages is poor and, as a result, both index species are
missing. 7. carinatus, which ranges from upper Oligo-
cene (NP25) to lower Miocene (NN2), marks the upper
part of this interval (Cores 515B-37 to 515B-41). For the
lower part of this interval (Cores 515B-44 to 515B-48),
T. carinatus was used for the lower boundary (NP25),
and D. adamanteus and Dictyococcites dictyodus were
used for the top (NN1).

Upper Oligocene

Sample 515B-52-1, 20-21 cm, contains a poorly pre-
served nannoplankton assemblage with Helicoponto-
sphaera cf. recta, which has a known range from NN24
to NN25. The observed specimen is poorly preserved,
therefore the age determination of late Oligocene is a
““best guess’’ that is consistent with the paleomagnetic
stratigraphy of this interval.

Lower Eocene

Lower Eocene sediments were recovered only in the
last two cores at Hole 515B, Cores 56 and 57. The nan-
nofossil assemblages belong to three lower Eocene zones.
The interval from Sample 515B-56-3, 77 cm to 515B-
56-4, 14 cm contains Discoaster lodoensis but lacks
Marthasterites tribrachiatus, and it belongs to the D. lo-
doensis Zone (NP13). The co-occurrence of D. lodoen-
sis and M. fribrachiatus assigns the interval from 515B-
56-4, 40 cm to 515B-57-4, 86 cm to the M. tribrachiatus
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Zone (NN12). The D. binodosus Zone (NN11) represents
the oldest interval at this site, Samples 515B-57-4, 135 cm
to 515B-57,CC. The stratigraphic age determination is
based on the occurrence of M. tribrachiatus in the ab-
sence of D. lodoensis. Calcareous nannofossils are com-
mon in the lower Eocene but their preservation is poor,
being slightly better in Core 515B-56 than in 515B-57.

Planktonic Foraminifers

Site 515 was drilled in the Brazil Basin at a water
depth of 4250 m. The following discussion is based on
microscopic examination of each core catcher and at
least one sample per section. As expected for this deep-
water site, planktonic foraminifers are partially or entire-
ly dissolved. Only few benthic foraminifers remain, ex-
cept in the lower cores of Hole 515B where the plank-
tonic foraminifers are moderately well preserved. For
the more recent sediment, the amount of dissolution can
be estimated, but estimation of this phenomenon for the
deeper samples, particularly in Hole 515B where the ma-
jority of the samples are barren, is difficult.

The zonations of Blow (1969) for the upper Tertiary
and Berggren (1971) for the lower Tertiary were used for
stratigraphic age determination by planktonic foramini-
fers, and species ranges are from Blow (1969) and Stain-
forth and others (1975). Five biostratigraphic intervals
were identified:

1) Quaternary (Cores 515-1 and 515-2; 515A-1 to
515A-10)

2) Pliocene/Pleistocene to upper Miocene (Cores
515B-4 to 515B-7)

3) lower Miocene (Cores 515B-22 to 515B-23)

4) lower Miocene to lower Oligocene (Cores 515B-24
to 515B-55)

5) lower Eocene (Cores 515B-56 and 515B-57)

Quaternary

Quaternary sediments were recovered in the HPC
cores of Holes 515 and 515A. The assemblage is strong-
ly dissolved in these cores. On the basis of Globorotalia
truncatulinoides and/or G. tumida/menardii (left coil-
ing), this assemblage is assessed to be of the late Pleisto-
cene. Holocene sediments are not represented in the up-
per part of these two holes. Subtropical and tropical
species dominate the planktonic assemblage, but the
presence of sub-Antarctic species (Globigerina pachy-
derma) suggests the mixing of water masses during the
Quaternary.

Plio/Pleistocene to Upper Miocene

The upper part of Hole 515B (Cores 4 to 7) contains a
few individuals of the species G. pachyderma, Globo-
quadrina dehiscens, Globorotalia inflata/puncticulata,
and G. sphericonomiozea. A precise age could not be
assigned to this impoverished assemblage, but it is prob-
ably no older than the late Miocene.

Lower Miocene

Below a long sequence without any planktonic fora-
minifers (Cores 515-5 to 515-21), lower Miocene micro-
fauna were retrieved in Cores 515B-22 to 515B-23. That



assemblage contains Globigerinoides primordius, Glo-
boguadrina dehiscens, Catapsydrax dissimilis s.1., and
few Globigerina sp., indicating Zones N4 to N6.

Oligo/Miocene and Upper Oligocene

Cores 515-24 to 515-37 contain very few specimens of
Globigerina woodi and G. praebulloides. This poor as-
semblage of long-ranging species is probably indicative
of the late Oligocene to early Miocene.

A typical Oligocene assemblage is found in Cores
515B-48 to 515B-55. The presence of Globorotalia opima
opima and Globigerina angulisuturalis in Cores 515B-49
to 515B-54 suggests a late Oligocene age, probably Zone
P21 at the oldest.

Probably because of dissolution, Core 515B-55 con-
tains a very poor assemblage, including Catapsydrax
unicavus, G. dissimilis, and Globorotaloides suteri.
These species indicate the late Eocene to early Miocene,
but a specimen of Globorotalia cerroazulensis places
this core below Zone P17 to P18.

Lower Eocene

Cores 515B-56 and 515B-57 contain a large early Eo-
cene assemblage with improved preservation. The suc-
cession of the microfauna in these two cores allows the
differentiation of Zones P9 to P6b as follows:

Depth Core-section
(m) (interval in cm) Zones

622.7 56-4, 80-85 P9
624.8 56-5, 142-147 P8
625.3 56-6, 47-52 P8
626.9  56,CC P8
629.1 57-2, 78-85 P7
632.3 57-4, 92-98 P6b
6349  57-6, 32-37 P6b
636.4 57,CC P6b

Globorotalia bullbrooki in association with G. aragon-
ensis, Globigerina higginsi, and G. senni suggests Zone
P9, in spite of the zonal marker species in 515B-56-4,
80-85 cm. Below, in Sample 515B-56,CC, the species
Globigerinatheka senni, Globorotalia broedermanni,
and G. aragonensis indicate Zone P8. In the upper part
of Core 515B-57 (Sections 1 and 2) the appearance of G.
aragonensis suggests Zone P7; at the bottom of the
hole, its absence and the association of Globorotalia
subbotinae and G. lensiformis in Sections 515B-57-3 to
515B-57-6 indicates Zone P6b.

Composition of Planktonic Assemblages

Generally, when planktonic foraminifers are abun-
dant, as in Cores 515B-56 or 515B-57, the assemblages
are highly diversified and contain the various species
normally used for determining the conventional bio-
zones. In this case, however, although the association of
the middle part of Core 515B-56 seems to be representa-
tive of the upper part of the lower Eocene (Zone P9)
with Globigerina higginsi and Globorotalia gr. bull-
brooki, it is only represented by atypical species like G.
gr. nitida/crassaformis and the zonal marker is absent.

SITE 515

This impoverishment is caused by selective dissolution
and/or by a surface circulation in the South Atlantic
that, during the Eocene, may have been quite different
from that of today.

Benthic Foraminifers

Benthic foraminifers are common and well preserved
in Core 1 of Hole 515 and in Cores 1 through 9 of Hole
515A.

Nuttalides umbonifera dominates these Recent and
Quaternary assemblages; Epistominella exigua, Oridor-
salis umbonatus, Globocassidulina subglobosa, Pulle-
nia bulloides, P. quinqueloba, Planulina wuellerstorfi,
Pyrgo, Eggerella bradyi, and Fissurina spp. occur at a
much lower relative abundance.

In a study of the distribution of benthic foraminifers
in core-top samples of the Rio Grande Rise, Vema Chan-
nel, and the southern Brazil Basin, Lohmann (1978)
found that the AABW is characterized by a fauna domi-
nated primarily by N. umbonifera. In contrast, a more
evenly distributed and diverse fauna of miliolids (includ-
ing Pyrgo), and G. subglobosa, P. wuellerstorfi, Uviger-
ina peregrina, Cibicidoides kullenbergi, and Hoeglun-
dina elegans characterizes the overlying North Atlantic
Deep Water (NADW). The transition between the two
water masses occurs at about 4 km water depth (John-
son, this volume).

Counts of benthic foraminifers in the greater-than-
250-micron fraction and in the greater-than-149-micron
fraction were made for Samples 515-1-1, 0-2 cm;
515A-1-2, 27-30 cm; and 515A-9,CC. In the top 2 cm of
Hole 515, Core 1, Nuttalides umbonifera reaches a max-
imum of 70% in the coarse fraction, which compares
well with Lohmann’s (1978) values for samples from the
Vema Channel. He recorded an increase in relative abun-
dance of that species to about 30% in core-top samples
from below 3400 m, and a dramatic increase to a maxi-
mum of 90% below 4100 m. In the two deeper samples
from Hole 515A, abundance of N. umbonifera decreas-
es from 46 to 30% in the coarse fraction, but the decrease
is less distinct in the greater-than-149-micron fraction.

In Hole 515B, benthic foraminifers were found at on-
ly four intervals: Cores 4 to 6, 22 to 27, 48 to 55, and 56
(lower part) to 57. The Miocene-Pliocene(?) assemblages
in Cores 4 to 6 and 22 to 27 resemble much those of the
Quaternary, except for the addition of Cibicidoides
cicatricosus, Stilostomella subspinosa, S. aculeata, Bu-
limina cf. grata, and Pleurostomella. With exception of
Core 6, benthic foraminifers are rare and are only mod-
erately to poorly preserved. Two distinct assemblages
characterize the Oligocene interval, Cores 515B-48 to
515B-55. The first, an assemblage of calcareous species
composed of Pyrulina, Lagena, Fissurina, Ellipsoidella,
Nuttalides umbonifera, Oridorsalis umbonatus, Pulle-
nia eocaenica, and P. quinqueloba, has not been record-
ed previously for samples from the Atlantic Basin and
differs markedly from South Atlantic Oligocene assem-
blages present in DSDP Sites 14, 20, and 360. The sec-
ond is an arenaceous assemblage containing simple forms
such as Bathysiphon, Glomospira, and Hormosina.
Other samples contain a mixture of the two assemblages.
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The benthic assemblages in Cores 515B-56 to 515B-
57 are characteristic of the early Eocene. During that
time, speciation in deep-sea benthics was relatively high,
following extinctions during the latest Paleocene (54 Ma).
As a result, biostratigraphic resolution is relatively good
for the lower Eocene. Sample 515B-57,CC is assigned to
Zone P6b, based on the overlap of Anomalina praeacu-
ta and Tappanina selmensis with Clinapertina inflata
(new gen., new sp.). Despite succession of forms, diver-
sity is low, only 10-14 species, in Cores 515B-56 to
515B-57. The assemblages in these cores differ slightly,
with the lowest diversity in Core 515B-57. Abundant are
Nuttallides truempyi (predecessor of N. umbonifera,
highest abundances in the deep Eocene DSDP sites),
Anomalina praeacuta, and Clinapertina inflata, with
lower concentrations of Oridorsalis umbonatus, Alaba-
mina dissonata, and (in some samples) Cibicidoides ha-
vanensis. Other characteristic species are Tappanina sel-
mensis, Quadrimorphina profunda (n. sp.), Abyssami-
na poagi (new gen., new sp.), Nodosaria velascoensis,
and Bulimina bradburyi. The absence of representatives
of Lenticulina and Osangularia and the very low abun-
dance of buliminids suggest a paleodepth of 4 km or
more. The strong resemblance to lower Eocene assem-
blages of Site 358 in the Argentine Basin (with paleo-
depth of about 4.5 km) supports this depth estimate.

Radiolarians

Radiolarian preparations were made for all core catch-
er samples from Holes 515, 515A, and 515B. More close-
ly spaced sampling was then carried out in all cored in-
tervals where identifiable radiolarian taxa were observed.
Even in intervals where radiolarians are relatively com-
mon, the noncalcareous coarse fraction (more than
62 pm) is dominated by detrital mineral grains and by
fecal pellet aggregates that are not readily disaggregat-
ed, even under persistent treatment by H,O, and sonifi-
cation. Consequently, nonskeletal grains or aggregates
dominate many of the radiolarian preparations.

Radiolarians are totally absent in samples prepared
from Core 515-1 (0-1.5 m sub-bottom) and Core 515-2
(39.5-49.0 m sub-bottom). In Hole 515A (Cores 1 to 27,
0-107.9 m sub-bottom), radiolarians are absent in Cores
1, 2, and most of 3. The base of Core 3 and all of Core 4
contain a diverse and well-preserved assemblage of the
latest Pleistocene, based on the common occurrence
of Collosphaera tuberosa. Other common Pleistocene
forms include Amphirhopalum ypsilon, Pterocanium
praetextum, Spongaster tetras tetras, Ommatartus tetra-
thalamus, Theocorythium trachelium, and Eucyrtidium
hexagonatum. On the basis of paleomagnetic stratigra-
phy, the mean accumulation rate in the upper part of
Hole 515A is 21 m/m.y., confirming that the radiolarian-
rich interval in Cores 515A-3 and 515A-4 is of the latest
Pleistocene, approximately 0.5 to 0.7 Ma. The remain-
der of Hole 515A (Cores 5 to 27, 17.5-107.9 m sub-
bottom) is barren of radiolarians. Siliceous spines are
present in Cores 5 and 6, but identifiable radiolarian
taxa are absent. The coarse fraction consists almost ex-
clusively of detrital mineral grains and fecal pellets.

In Hole 515B, radiolarians are absent in samples
from Cores 1 to 7. In Cores 8 through 49 (161-560 m
sub-bottom), radiolarians are sufficiently abundant and
well preserved to allow the use of a biostratigraphic zo-
nation comparable in some respects to a scheme devel-
oped for tropical and subtropical Cenozoic radiolarians
(Riedel and Sanfilippo, 1978). This interval at Hole 515B
is the only significant interval of radiolarian-bearing
sediment encountered at the four sites occupied on Leg
72. Cores 8 through 49 span the middle Miocene (Dor-
cadospyris alata Zone) through upper Oligocene (D.
ateuchus Zone). The zonation sequence and the diag-
nostic radiolarian taxa in this interval at Hole 515B are
different in some respects from those of Riedel and San-
filippo’s (1978) low-latitude zonation for the Oligocene-
Miocene. Calocycletta costata and D. dentata are miss-
ing entirely, and virtually all assemblages are of much
lower diversity than those of corresponding age from
equatorial latitudes. The absence of those key indicator
species may not be due to unconformities at Hole 515B,
but may reflect a significantly different zonation succes-
sion in the subtropical South Atlantic from that in equa-
torial latitudes.

The Oligocene/Miocene boundary occurs between
Cores 515B-34 and 515B-35, or near the boundary be-
tween the Cyrtocapsella tetrapera Zone and the Lychno-
canoma elongata Zone, corresponding to the position of
the boundary based on diatoms (see Diatoms section).

The presence of radiolarians at Site 515 agrees with
the pattern previously established for other Atlantic
drill sites in low and middle latitudes. Radiolarians are
sparsely present through the Holocene and uppermost
Pleistocene, and absent in the upper Pleistocene to mid-
dle Miocene. They appear in the middle Micoene down
into the Oligocene, with abundance and preservation
decreasing markedly toward the lower Oligocene. The
oceanographic significance of this pattern is not clear,
yet it persists in virtually all drill sites in the tropical and
temperate Atlantic.

The lower Eocene interval below the unconformity at
Hole 515B (Cores 55 to 57, 608-636 m sub-bottom) is
barren of radiolarians.

Diatoms

Forty-three samples from Cores 515B-8 through
515B-57, approximately one sample per core, were pre-
pared and examined according to the procedure outlined
by Gombos and Ciesielski (in press). Diatoms occur
consistently in Cores 8 through 44, but generally the
abundance is low and preservation is poor. Cores 45
through 57 are barren of diatoms. Gombos and Ciesiel-
ski (in press) defined 12 diatom biostratigraphic zones
for the upper Eocene to lower Miocene in a composite
section from Leg 71, Holes 511 and 513A. These same
zones were applied to the cores from Hole 515B. Cores 8
through 14 contain scattered diatoms, but none are suf-
ficient to allow a diagnostic age assignment to these
cores; Cores 15 to 16 are assigned to the Coscinodiscus
rhombicus zone; Cores 17 to 44 are assigned to the Ro-
cella gelida Zone.



Based on the occurrence of Craspedodiscus elegans
and Coscinodiscus praenitidus, the Oligocene/Miocene
boundary should fall between Cores 23 and 35. Further-
more, the apparent acme of Rocella gelida in Core 36
suggests the placement of the boundary higher in the
section. Thus the Oligocene/Miocene boundary in Hole
515B is tentatively placed between Cores 32 and 33. This
placement agrees with the more detailed diatom abun-
dance data presented by Gombos (this volume) and is in
fairly close agreement with the ages determined by cal-
careous microfossils and radiolarians.

PALEOMAGNETICS

Introduction

Site 515, located in the southern Brazil Basin, affords
an unusually good opportunity to develop a high resolu-
tion magnetic polarity reversal stratigraphy for part of
the Cenozoic sedimentary record in the southwestern
Atlantic, because the sedimentation rate in almost all of
the sedimentary section above a hiatus at 617 m sub-
bottom is moderately high. The lower Eocene sediments
encountered below the hiatus accumulated much more
slowly.

The long-core spinner magnetometer system was uti-
lized onboard Glomar Challenger to determine the down-
hole variation in relative declination and intensity of the
horizontal component of the natural remanent magneti-
zation (NRM) of the hydraulic piston cores. Measure-
ments were made on 65 whole-core sections from a total
of 27 HPC cores from Hole 515A. Additionally, rema-
nence measurements, on the standard Digico spinner
magnetometer, of 183 cylindrical samples taken at an
approximate frequency of 50 cm downhole supplement
the whole-core investigations. For Hole 515B, drilled by
rotary coring, 270 shipboard NRM measurements were
completed. Preliminary investigations of magnetic sta-
bility were made on samples chosen as representative of
the major lithologic types encountered. Incremental al-
ternating field (AF) demagnetizations up to 60 mT peak
field value were completed using the Schoenstedt single-
axis demagnetizer. The bulk of the demagnetizations
were undertaken as part of the shore-based paleomag-
netic investigations.

Long-Core Spinner Magnetometer Studies

Sediments that possess a stable primary magnetiza-
tion retain the potential for detection of polarity rever-
sal boundaries from whole-core spinning. Ideally, rela-
tive azimuthal orientation must be preserved between
individual core sections, as well as between individual
cores, so that 180° declination changes can be reliably
used as a criterion for detecting polarity boundaries.
The technique of whole-core spinning also affords the
opportunity to recognize significant magnetic intensity
changes, which often correlate to lithologic change.
Thus, this technique has a part to play in the initial ship-
board reconnaissance of the properties of the sedimen-
tary sequence being penetrated.

The upper 50 cm of the first section from each HPC
core often give anomalous declination and intensity val-
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ues during whole-core spinning. These aberrant values
correlate with visual evidence of core disturbance and
anomalous GRAPE density determinations. Below 50 cm
depth, generally consistent declination and intensity read-
ings are obtained. Occasional single anomalous values
can be referred to rust particles from pipe scale, as rec-
ognized during previous legs.

Several individual sections were subjected to repeat
measurements. Declination values were confirmed to
with +5°, but intensities usually were within + 10%.
The range of intensities encountered was normally be-
tween 3 and 40 mA/m; a few high values in excess of
100 mA/m correlated with core tops.

Despite some problems in the core-orientation system
used with the HPC, soft sediment deformation related
to coring disturbance, and a few void intervals, use of
whole-core spinning detected a number of polarity re-
versal boundaries. These are best seen in the Matuyama
Reversed Epoch recognized between 17 to 52 m depth.
A detailed synthesis of the whole-core spinning results
at this site, together with those obtained at Sites 517 and
518, is the subject of another chapter (Suzyumov and
Hamilton, this volume).

Discrete Sample Remanence Measurements—
Shipboard and Shore-based Studies

The majority of shipboard NRM measurements of
discrete samples taken from the split cores used a signal
integration over 26 spins on the standard spinner magne-
tometer. A few weaker samples were measured over 27
spins; because of the large number of samples processed,
however, it was considered more useful to take replicate
measurements over 26 spins for those samples with re-
manent intensities normally less than 1.5 mA/m rather
than employ longer signal integration times. Repeat re-
manence measurements made during shore-based studies
employed both a standard Digico spinner magnetometer
(using 27 spins) and a three-axis CCL cryogenic magne-
tometer.

Lithologic Unit 1 (gray terrigenous mud, 0 to 180 m)
is characterized by NRM intensities in the range between
0.3 and 4.6 mA/m. The more siliceous nature of the un-
derlying Lithologic Unit 2 (dark-gray-green mud-mud-
stone) is reflected in a narrower range of intensity value;
a majority of the samples had intensities of the order of
0.5 mA/m. There are some noticeable intensity fluctua-
tions, however, suggesting some pulsating input of fer-
romagnetic material. The lowermost unit in Hole 515B,
Unit 3 (calcareous zeolitic mudstone), shows a signifi-
cant increase in NRM intensity; values fall within the
range from 3 to 30 mA/m.

Volume susceptibility, measured on a Highmoore sus-
ceptibility bridge, shows values in the range 0.7 to
58.0 x 10-5 for this site. Highest susceptibility values
are associated with the lower Eocene zeolitic mudstones.
Lowest values occur in the Miocene siliceous muds. The
three major lithologic units recognized at this site corre-
spond closely to the magnitude of the magnetic suscepti-
bility.

Some marked fluctuations in susceptibility are seen in
the upper 160 m at this site. These fluctuations are best
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identified in the HPC recovery at Hole 515A but are al-
so recognizable in the upper part of the rotary drilled in-
terval (96-100 m sub-bottom). On the basis of inferred
magnetostratigraphy (see Magnetostratigraphy section),
tentative dating of these episodes of susceptibility varia-
tion is possible. For example, a susceptibility maximum
between 75 and 80 m (Core 515A-18) can be correlated
with the base of the Gauss Epoch, about 3.4 Ma. There
is a trend to lower susceptibility in the Brunhes Epoch
(the Brunhes/Matuyama boundary is located at 17.0 m
depth) than in the underlying Matuyama and Gauss
sediments. The NRM intensity and susceptibility record
together suggest that episodes of pronounced bottom-
current activity occurred during the late Neogene and
Quaternary in the southern Brazil Basin,

Magnetostratigraphy

A comparison of the NRM inclinations of discrete
samples from Hole 515A with those measured after AF
demagnetization at a peak field value of 20 mT shows
broadly similar values. This correspondence suggests
that the dominantly terrigenous lithologies encountered
in Unit 1 possess a stable remanence and will therefore
have preserved a fair record of the magnetic polarity

stratigraphy. Magnetic cleaning is effective in removing
a normal overprint in the interval from approximately
50 m sub-bottom to the terminal depth for this HPC
hole (Fig. 8).

The first well-defined reversal boundary occurs at the
depth of 17 m and is assigned to the Brunhes/Matuyama
boundary. A single sample of positive inclination occurs
at 4.5 m depth, perhaps correlative with the Blake Event
(about 100,000 yr.), if we assume a linear sediment ac-
cumulation rate. Surprisingly, the Jaramillo Event is not
easily recognized in the cleaned remanence data, but an
indication of this event occurs in the whole-core spin-
ning data around 25 m sub-bottom. The Olduvai Event
is detected at a depth of 39.5-42.0 m. An interval of
dominantly normal polarity between 52.0 and 77.0 m is
assigned to the Gauss Epoch. Despite some sampling
gaps, the normal polarity intervals detected to the base
of this HPC hole are probably those of the Gilbert
Epoch. On the basis of these tentative assignments, the
average sediment accumulation rate over the past 5 Ma
is inferred to be 22 m/Ma.

At Hole 515B, we continued the investigation of the
magnetostratigraphy for Neogene and Paleogene sedi-
ments. Apart from some sampling gaps, a good polarity
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stratigraphy can be determined down to the major hia-
tus at 617 m and into the lower Eocene sequence below
this unconformity (Fig. 9).

The assignment of the observed downhole polarity
reversal sequence to established geomagnetic time scales
requires use of the available biostratigraphic control.
The interval 115-168 m depth is assigned to Epochs 5-7.
Sampling gaps occur between 170 and 190 m depth. An
interval of dominantly normal polarity follows, down to
283 m. Within the sampling gaps, a hiatus may account
for the missing part of Epoch 8 and for the absence of
Epochs 9-12. The underlying normal polarity interval is
best correlated with Epochs 13-16.

A normal-to-reversed polarity boundary identified at
283 m sub-bottom depth is assigned to the base of Anom-
aly 5C within Epoch 16. Below this depth, longer inter-
vals of reversed polarity dominate down to a depth of
485 m. Intervening normal polarity intervals suggest a
tentative assignment of this part of the sub-bottom se-
quence to Epochs 16-23. The polarity sequence is, how-
ever, not complete; another hiatus may be present at
408 m depth. This gap would account for part of Epoch
20 and all of Epochs 21 and 22 missing at this site. One
key feature of this assignment is the problematic recog-
nition of the normal interval between 417 and 424 m as
the normal event of Anomaly 6C.

At 498 m depth, a normal-to-reversed boundary is
correlated with Anomaly 7A. The underlying sequence
down to the major unconformity at 617 m sub-bottom
appears to correspond best to the polarity sequence as-
sociated with Anomalies 8, 9, and 10. Directly above the
unconformity, the sediments are reversely magnetized.

Beneath the unconformity, the quartz-rich zeolitic
mudstones are typified by variable magnetic stability.
Approximately half of the samples studied paleomag-
netically for this part of the sequence are associated with
low-median destructive fields (less than 5 mT). For the
majority that were AF demagnetized to 30 mT, well-de-
fined stable endpoints were not always reached, but po-
larities are assigned to these samples. A number of sam-
les from Sections 515B-57-2 and 515B-57-3 appear to be
reversed, but samples from Section 515B-57-1 show very
low negative inclination values. Thus at least one inter-
val of reversed polarity from about 627 to 631.5 m sub-
bottom occurs in the lower Eocene penetrated at Site
515. The sediments encountered just below the uncon-
formity probably acquired their magnetization in a pe-
riod of normal polarity.

The combination of magnetostratigraphic studies
and biostratigraphic assignments indicate that these sed-
iments span the sequence from Anomaly 24 through to
the early part of Anomaly 23 (using the revised Cenozo-
ic polarity time scale of Hailwood et al., 1979). The
main reversed zone described above occurs in calcareous
nannofossil Zone NP12 and is correlated with the inter-
val of reversed polarity between Anomalies 23 and 24.
The problematic low inclinations in Section 515B-57-6
at the base of this hole may correlate to the upper part
of the zone of reversed polarity that is dominantly pres-
ent in NP11.
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SEDIMENTATION RATES

Sedimentation rate estimates at Site 515 are based on
calcareous nannofossil, planktonic foraminiferal, and
radiolarian stratigraphy and magnetic reversals, com-
bined by means of the time scales of Berggren, Kent,
and Van Couvering (in press) for the Neogene, and Berg-
gren, Kent, and Flynn (in press) for the Paleogene. The
quality of the stratigraphic control is not uniformly
high. Calcareous fossils are sparse and poorly preserved,
except in Eocene sediments below 617 m. Radiolarians
are abundant between 170 and 510 m (late Oligocene
through middle Miocene) but are of lower diversity than
the equatorial assemblages (Riedel and Sanfilippo,
1978) on which the zonation is based, and lack some key
indicator species. Recovery at Site 515 is high and many
magnetic reversals have been detected, but without suf-
ficient biostratigraphic control there is a risk of ambigu-
ity in their identification. It is not certain which of these
deficiencies causes the age discrepancies apparent in
Figure 10, so the chosen age-depth curve and conclu-

sions drawn from it, below, should be treated with cau-
tion.

For the Pliocene-Pleistocene, the main control (the
magnetic reversal stratigraphy) is reasonably unambigu-
ous back to 6 Ma. Extrapolation downwards at the same
rate (27 m/Ma) is only possible to 167 m, where middle
Miocene radiolarians are found. A hiatus, if it occurs,
cannot then be located as deep as 180 m, where the litho-
logic change occurs that marks the boundary between
Units 1 and 2a. Sedimentation rates within Unit 2 range
between 10 and 50 m/Ma, averaging 24 m/Ma. The hia-
tus between deposition of Units 3 and 2b extends from 52
to 30 Ma. Calcareous microfossils are abundant within
Unit 3, but the estimated 4 m/Ma sedimentation rate
has a large uncertainty because of the age offset between
the nannofossil and planktonic foraminiferal zonations.

Sedimentation rates are uncorrected for compaction.
Correction may be made by use of the extensive suite of
shipboard measurements of wet-bulk density or poros-
ity, but care is needed because of possible alteration of
physical properties by the coring process and because of
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variability in grain density (see Walton et al., Schaften-
aar et al., this volume).

PHYSICAL PROPERTIES

Measurements of acoustic (compressional-wave) ve-
locity, wet-bulk density, water content, and porosity were
made routinely at Site 515. For the HPC hole, acoustic
velocities were measured through the core liner. Densi-
ties, water contents, and porosities were determined by
the syringe method. The variations of selected physical
properties with depth are illustrated in detail in Figure
11; tabulated values are given in Walton and others (this
volume).

SITE 515

Rotary coring (Hole 515B) began at a depth of about
95 m, but the recovered sediments were so badly dis-
turbed that no meaningful measurements of physical
properties were possible higher than approximately
200 m sub-bottom. Trimmed samples were used to mea-
sure acoustic velocities parallel and perpendicular to bed-
ding below 250 m; the same samples were used to esti-
mate densities, water contents, and porosities. Densities
were estimated by the immersion and 2-minute GRAPE
methods. Their variations with depth are shown in
Figure 11.

Unit 1 (0-180 m) is a terrigenous mud. The only phys-
ical properties measured in this interval are from the
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HPC hole (515A), and we had hoped, because of the rel-
atively undisturbed appearance of the recovered sedi-
ments, that the measured physical properties might be
representative of in sifu conditions. Sonic velocities in-
crease from 1.47 to 1.59 km/s, densities range from 1.45
to 1.75 g/cm3, and porosities decrease from about 75 to
55% at a depth of 108 m (the bottom of the HPC hole).
These strong trends, and the relatively low degree of scat-
ter in the data are encouraging; the properties of better
consolidated samples recovered from greater depths in
Hole 515B suggest, however, that the properties mea-
sured in the HPC cores may not be representative.

Subunit 2a (180-518 m) is a dark greenish gray sili-
ceous mud and mudstone sequence sampled by rotary
coring (Hole 515B). From about 250 m (where measured
values are thought to be reliable) to ~410 m sub-bot-
tom, acoustic velocities increase from 1.6 to 1.7 km/s,
densities increase from 1.5 to 1.6 g/cm?3, and porosities
decline from 70 to about 65%. Velocity increases slight-
ly in the lower part of Subunit 2a (to 518 m) at 410 m to
1.75 km/s, and ranges from 1.7 to 1.8 km/s. Horizontal
velocities exceed vertical velocities by about 0.1 km/s.
Wet bulk densities and porosities are about 1.6 g/cm?
and 65%, respectively, in the interval extending to 518 m
depth.

The transition from Subunit 2a to 2b is characterized
by a zone in which acoustic velocities increase from 1.75
to about 1.9 km/s. Horizontal velocities are 0.1 to
0.2 km/s higher than vertical velocities. Densities near
1.91 g/cm3, and porosities of about 50% characterize
Subunit 2b.

Unit 3 (615 m) is a greenish gray calcareous zeolitic
mudstone. Acoustic velocities increase rapidly within
Unit 3, from 1.9 km/s at 615 m to more than 2.1 km/s
at the bottom of the hole. Densities increase to about
2.05 g/cm3, and porosities decline rapidly to about 40%.

On the whole, the measured physical properties of
sediments recovered from depths greater than 250 m
(Hole 515B) correspond to variations in lithology and
correlate well with the reflection profile (see below), but
the properties of the sediments recovered from the HPC
hole (515A) are probably not reliable. The apparent
density gradient in the HPC interval (Fig. 11) is an order
of magnitude steeper than the gradient in the indurated
samples lower in the section, and the measured densities
at 100 m are greater than the densities found anywhere
in Subunit 2a, much of which is sufficiently well consol-
idated to subsample with minimal disturbance. These
observations suggest that sediments sampled using the
HPC at Site 515 are overcompacted. Based on the ship-
board shear strength data and decompaction analysis,
Faas and Crocket (this volume) have also concluded
that the sediments recovered from the interval between
38 and 104 m sub-bottom are slightly overcompacted,
though Walton and others (this volume) consider these
sediments to be normally compacted.

CORRELATION OF REFLECTION PROFILER
DATA WITH DRILLING RESULTS

Correlation of the reflection profiles with the cored
section at Site 515 is straightforward. The reflection
profile obtained on approach of the Glomar Challenger
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to the site (Fig. 12) resembles that obtained during the
University of Texas Marine Science Institute (UTMSI)
site survey (see the stacked, deconvolved UTMSI multi-
channel record WSA20, Fig. 13). At the position of the
beacon drop, the reflector assumed to represent oceanic
crust lies at about 1.65 s (two-way travel time) and a
strong overlying reflector of regional extent occurs at
1.35 s; both of these lie far beneath the target depth of
the hole. A second strong reflector of regional extent oc-
curs at 0.74 s and was presumed, before drilling, to rep-
resent the onset of AABW flow and extensive sediment
redeposition in the southern Brazil Basin. Above it, at
about 0.64 s, lies a more diffuse reflector, which merges
with it farther to the southeast where the deeper reflec-
tor shoals. A discontinuous and even more diffuse re-
flector at about 0.50 to 0.53 s may arise from focusing
topography at the seabed. Finally, a shallow reflector is
seen most clearly on the WSA20 profile (Fig. 13). Near
the site, it is masked by the wave train of the seabad re-
flection, but farther away, to the southeast on WSA20
and possibly to the west on the Glomar Challenger ap-
proach track, it deepens to as much as 0.3 s sub-bottom.

Measurements of sonic velocities parallel to bedding
(horizontal) were made on both HPC and rotary drilled
sediment throughout the section, except for a gap be-
tween 110 and 190 m. Velocities normal to bedding
(vertical) were measured only for the more consolidated
sediment from beneath 250 m. In Figure 14, horizontal
velocities are plotted against depth, using a simplified
velocity-depth model. The model was fitted by eye, as-
suming a small bias in the data from rotary drilled
samples towards low velocities, because of undetected
but slight drilling disturbance. In Figure 14, the dashed
line is a plot of time down the section, against depth.
For a linear increase of velocity (v) with depth (x)
V, = V, + ax, the time t, is given by

t, =1 ln(l +E-§)
a Yo

Changes in velocity occur at 400-420, 510-540, and
610-620 m sub-bottom. Changes in density and acoustic
impedance match these increases and should, therefore,
correspond to reflecting horizons. Equivalent times on
the time-depth plot are 0.505-0.525, 0.630~0.660, and
0.735-0.745 s, respectively. The correspondence be-
tween these and the times to the major reflectors noted
above is excellent.

The velocity changes coincide with the main litho-
logic boundaries in the sediments (Fig. 11). The discon-
tinuous and diffuse reflector at 0.50-0.53 s sub-bottom
corresponds to the subtle change at about 408 m within
Subunit 2a, a dark greenish gray biosiliceous mud and
mudstone. A pronounced increase in the frequency of
occurrence of small-scale sedimentary structures below
this depth indicates a stronger and more variable bot-
tom-current regime. At about this depth, reflectors
shown in the multichannel WSA20 profile (Fig. 13) have
a hummocky or lenticular character, better developed
than in the overlying beds.

Lack of siliceous microfossil fragments and cherti-
fied intervals distinguish the dark greenish gray mud-
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Figure 12. Correlation of the lithologic section of Site 515 with Glomar Challenger seismic reflection profile.

stones of Subunit 2b from those of Subunit 2a, changes
correlative with a diffuse but continuous reflector at
about 0.64 s. The diffuse nature of this reflector and its
tendency to conform with the present seabed (it merges
with the underlying reflector when that reflector shoals)
are consistent with its inferred diagenetic origin.

A hiatus of about 22 Ma duration between the lower
Oligocene and lower Eocene marks the base of Unit 2,
at 617 m sub-bottom. Velocities and densities are higher
in the underlying Unit 3, a greenish gray calcareous zeo-
litic mudstone, that is silty at its very top. Those sudden
increases correspond to the strong, sharp reflector of re-
gional extent seen at 0.74 s.

In the topmost part of the stratigraphic section, there
is no strong reflector corresponding to the boundary be-
tween Unit 1 and Subunit 2a, at 180 m (0.23 s) sub-bot-
tom. This sub-bottom depth is beyond the range of the
seabed reflection wave train, and a reflector should be
distinguishable, if it exists. This lithologic change occurs
in the upper part of the rotary drilled section where, be-
cause of drilling disturbance, no velocity measurements
were made. The change is from a dominantly terrige-
nous mud to a mud with up to 15% of biosiliceous frag-
ments, which at the low level of consolidation observed

may not produce a large change in physical properties.
Similarly, within the topmost 100 m of Unit 1, there is no
obvious lithologic change that might permit some specu-
lative tracing of the shallowest reflector noted earlier.
That reflector is stronger farther away from the site,
where it lies deeper, but at the site is camouflaged by a
long wave train of the seabed reflection. A sharp veloc-
ity increase at the base of the HPC hole (105 m or 0.14 s)
is probably an artifact of the coring method, because it
is not accompanied by a marked lithologic change.

The close correspondence between the seismic and the
sedimentary sections supports the validity of correlations
that use horizontal velocity measurements uncorrected
for pressure and temperature effects, rather than cor-
rected vertical velocities. The essential assumption, that
uncorrected horizontal velocities provide reasonable,
unbiased approximations to corrected vertical veloci-
ties, appears vindicated, at least for the lithologies and
depths of burial encountered at Site 515,

SUMMARY AND CONCLUSIONS

Site 515 was designed to sample sediment deposited
under the influence of AABW, which enters the Brazil
Basin through the Vema Channel, some 200 km south
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of the basin (Fig. 1). Variations in AABW flow should
reflect both short-term (‘‘Milankovich’’) and long-term
climatic variations, the development of the Vema Chan-
nel itself, and changes in sill depths at other barriers to
bottom water flow farther to the south. In the sedi-
ments, these flow variations produce changes in the size
and composition of terrigenous detritus and in sediment
fabric, sedimentation rate, carbonate content, and the
nature and state of preservation of siliceous microfossils
(Shor et al., this volume; Johnson, this volume). Ceno-
zoic global cooling had probably proceeded far enough
by about 37 Ma (the Eocene/Oligocene boundary) to per-
mit seasonal sea ice production at the Antarctic margin
and a sudden initiation of AABW formation (Kennett
and Shackleton, 1976). The invigoration of the thermo-
haline circulation at this time may have produced a
widespread hiatus spanning this boundary (Moore et
al., 1978).

Recovery was high in both holes (515A, 89%; 515B,
79%), and deformation was low. The only problems were
the presence of a 10-50 cm soupy interval at the top of
Section 1 of almost all HPC cores, caused by washing
the bit down the previously cored interval, and the occa-
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sional total core loss because the core catcher dogs had
jammed closed in the sticky clay.

The sedimentary section at Site 515 is divided into
three principal units. The uppermost 180 m is a Quater-
nary to early Pliocene or late Miocene grayish brown
terrigenous mud deposited at a mean sedimentation rate
of between 20 and 35 m/Ma. The first 40 m (about 2 Ma)
contain some layers rich in calcareous microfossils (up
to 30% CaCOs3). Elsewhere, carbonates are rare.

Unit 1 has a gradational contact with Subunit 2a, a
dark greenish gray siliceous mud and mudstone, 351 m
thick and of mid-Miocene to late Oligocene age. Sub-
unit 2a contains up to 15% of mostly fragmented radio-
larians, diatoms, and sponge spicules; rare thin horizons
contain up to 10% calcareous material. Bioturbation in-
creases downward, as do small-scale sedimentary struc-
tures indicating a more variable and energetic bottom
circulation (also inferred from the reflection profiles).
The proportion of silt is small, however, and the mean
sedimentation rate is a high 40 m/Ma. A small hiatus of
about 5 Ma duration may occur within Unit 1, at about
167 m depth.

Subunit 2b is an Oligocene, dark greenish gray ter-
rigenous mudstone, 86 m thick, distinguishable from
Subunit 2a by the absence of siliceous microfossils and
the more common occurrence of light-colored laminae
containing calcareous microfossils. There are again
indications in the sediments of fluctuating bottom cur-
rents, including an alternation between restricted cal-
careous and an agglutinated benthic foraminiferal as-
semblage. The mean sedimentation rate remains high to
the base of Unit 2.

Unit 3 is a hard calcareous zeolitic mudstone of early
Eocene age (52-55 Ma). The unconformity between Units
2 and 3, which spans approximately 22 Ma, is marked
by a lag deposit up to 3 m thick, made up of sand-sized
grains of quartz, biotite, assorted heavy minerals, glau-
conite, and fish teeth. Bioturation is common in this and
in the underlying calcareous zeolitic mudstone. Back-
tracking and isostatic computations give an estimated
CCD below 3665 m in the early Eocene, and above 4100
m in the early Oligocene.

The magnetic intensities correlate well with the litho-
logic units, and seem to be measuring the terrigenous
component with some reliability.

The characteristics of Units 1 and 2 are consistent
with an origin by redeposition of suspended sediment
entrained within AABW that enters the Brazil Basin via
the Vema Channel. The accumulation rate of Unit 3
(about 4 m/Ma) is normal for pelagic carbonate sedi-
ments, but the much higher rates of Units 1 and 2,
despite their essential lack of a calcareous component,
are better explained by our picture of bottom-current
transport from the south. The fragmented siliceous mi-
crofossils of Subunit 2a suggest erosion and redeposi-
tion, and the small-scale sedimentary structures and in-
tercalated thin carbonate horizons near the bases of
Subunits 2a and 2b suggest redeposition by turbidity
currents or deep thermohaline currents.

The hiatus between Units 2 and 3 is extensive over the
Vema Channel and southern Brazil Basin. Evidence
from Site 515 is consistent with, but does not prove, the
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original concept of a sudden onset of bottom water pro-
duction at the Eocene/Oligocene boundary.

The change in accumulation rate across the lower Eo-
cene-middle Oligocene hiatus suggests an initiation of
bottom water flow into the Brazil Basin during the
period of the hiatus. Such an interpretation would lead
one to expect relatively rapid deposition of clay and silt
grains transported by a north-flowing current entering
the relatively quiet Brazil Basin after transport through
and erosion within the narrow abyssal passageways of
the Rio Grande Gap and Vema Channel. Low accumu-
lation rates of the Eocene deposits (4 m/Ma compacted)
suggest that bottom currents at that time carried little or
no sediment from the south, even though sedimentary
structures indicate some circulation. Thin zones of black
muds in the Eocene deposits suggest that any flow with-
in the basin was an internal circulation of poorly oxy-
genated waters, waters that were not undergoing rapid
overturn as in the modern basin.

One puzzling result concerns the differences between
Unit 1 and Subunits 2a and 2b. For example, the silice-
ous microfossils of Subunit 2a are not present in Unit 1
or in Subunit 2b. Diagenesis may account for the deeper
transition but not the shallow transition. Why does the
sedimentation rate change between Units 1 and 2, and is
there a short hiatus? Continuous, although fluctuating,
cooling at high latitudes has influenced the production
of both AABW and the NADW that lies above it. Tec-
tonic events, such as the subsidence of the Iceland-
Faeroes Ridge and the opening of Drake Passage, also
influenced bottom water transport and possibly produc-
tion. The Vema Channel itself subsided to near its pres-
ent depth during the interval of time represented by the
sediments recovered at the base of Site 515 (van Andel et
al., 1977). Thus it is unlikely that subsidence of the
Vema Channel below a critical threshold depth was the
limiting factor in allowing deep thermohaline flow to
enter the central and northern Atlantic. When that con-
vection developed in the Paleogene, perhaps in repsonse
to the initiation of NADW in the northern Atlantic
(Miller et al., in press), the passages in the abyssal west-
ern Atlantic were already open, in a configuration not
greatly different from that of the modern ocean.
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g FOSSIL £ FOSSIL
) g CHARACTER - § CHARACTER
2 = C1E z|lw 8 l=_lel= -
SE £E E g ; gl g | (Seamme, LITHOLOGIC DESCRIPTION A g g g = |  Geaewic LITHOLOGIC DESCRIPTION
S HHHHEHE P PR E M PR 3P
MAHHHE = h R HEHEE F
EMHEHEHE 3 ERHHEH E
} TERRIGENOUS MUD (NONFOSSILIFEROUS) L _‘L‘
I OSSILIFEROUS, 5
e 28van SMEAR SLIDE SUMMARY: d MUD AND CLAY )
170 23 Sections 1 and 2: gray (Y 5/1) mud with Section 3 being
b D aliva gray (5Y 4121 clay.
Texture:; Yod
Sand 3 2 wres SMEAR SLIDE SUMMARY:
\ . it 616 i . 170 284 396
Clay 2 ® i b o o
Compogition: Taxture:
t Quariz B { Sand " 1 =
8 ! Fuldipar 3 3 0 sit 0 10 &
P e ] : { 5Y 51 Clay L
Haavy minarsls 2 2 BB Composition:
i Othar cley minerals 7B 8 Ouaete 8 7 3
t Feldspar 1TR -
} PHYSICAL PROPERTIES: Wica T
170 270 370 Hoavy mineraly [ |
Yy =t Other clay minerals 90 80 95
. Vi im0 [ra—— oo
Dendity 163 158
~— b5Y&2 Water content W0 4 a4 PHYSICAL PROPERTIES:
1100 270 370 368
CARBONATE BOMB: v, syt WA
1200 Vi 151 181 182 —
| 170 =5 Dentity 162 185 — 168
4 1120=4 2 Water content .3 387 —- B8
2200
i 2704 CARBONATE BOMB:
R [ 120=4
K | Jag =4 8 170=4
370=4 220=5
i 270=4
2120=4
- 320=4
5Y 5N 3T0=a
3100=4
BY 472
3 3
Bl 8 ™
4 woo
B|B|B 0 B|B|B icC

SISHLIS
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SISaLIS

SITE 516 HOLE A CORE(HPC) 13  CORED INTERVAL 527-57.1m SITE 616 HOLE A  CORE(HPC) 14  CORED INTERvAL 67.1—615m
a FOSSIL g FOSSIL
3 § CHARACTER i g CHARACTER
REMAEE z| e - EMARAE z| 2
- & o| = GRAPHIC Te |2z lul B % 2k GRAPHIC
TS ,._§ g i)z 5‘ E LITHOLBGY LITHOLOGIC DESCRIPTION HEE g i £l 8 LITHOLOGY A LITHOLOGIC DESCRIPTION
b+ w 4
A HEHET $ £70E7|5| 232 |®|® £ FE
= @ = =1 | 2 = §
A HHEE MHEHHE 2
KONFOSSILIFEROUS TERRIGENOUS CLAY \FEROUS, JUS MUD
HPC distisrbance at top af Seetlon 1. Mn-oxide (organic debris?] zones of concentration af
25Y 612 17-37, 42-85, and 114136 em of Sectlan 2 and Care
SMEAR SLIDE SUMMARY: Catcher.
05— 170 270 370 L5 |
D D o ] SMEAR 5LIDE SUMMARY:
10YR /1 Taxture: E . 170 270 370
! Sand 1 - 4] D o D
Sitt 7 B8 0§ 1 Taxture:
Clay 2 n w Sane .
10— Compasition 25Y 64 Sit % 0 6
Ble Chuartz 7 ] 8 Clay 7 B0 BE
Mics - TR TR I Composition:
Heawy minerals 1 1 1 Ouartz 5 2
Other clay minersls 80 82 90 Fesdspar B 1B 2
Micronadulas 2 2 1 Hewry minerats 5 2 1
Orher clay minerals 77 -] a5
PHYSICAL PROPERTIES: Micronadules a1 1
1100 168 270 2468 370 368 i
Yy —— = mm e = e PHYSICAL PROPERTIES:
Vi 152 — 150 — 1B2 — 1100 188 270 370
Dursity — 1B -—— 167 -- 186 Vg — — - —
BY 52 Water content —— 387 = 38 -- W5 B|B Vi 1582 — 15 15
| Dty " 168 166 168
CARBONATE BOMB: . Water content — 372 388 302
2 120=4
170=5 CARBONATE BOMB:
1-120=5 § 25Y 62 130 =4
;) 220 =4 170=4
B 270=5 11204
2120=4 220=4
320=4 270=5
3704 2120=5
3120=4 320=§
3704
NOTE: Cara 15, B15-85.9 m: Na recovery.
BlE
25Y 52
3
.
8
B
4 woIn
8|68 e | 1
BlB|B o
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SITE 515 HOLE A  CORE(HPC) 16 CORED INTERVAL bbu—tuym SITE 515 HOLE A CORE(HPC] 17 CORED INTERVAL 69.9-7389m
& FOSSIL 2 FOSSIL
” ; CHARACTER s g CHARACTER
EEMRE HE: 8 |zulz]als z|l 2
= gg sl g g 25 LORATHIC LITHOLOGIC DESCRIPTION HAEHE HE 25 e LITHOLOGIC DESCAIPTION
12 1283 E 5 Y i HE B - o 2]
i E ils |2 #| 2 E i g g H z g @l g 4 ]
N BHHEE EH Gl ERHEHEE £H
H HEAEALE 2] @ = |z & 3
{ BB
TERRIGENOUS MUD NONFOSSILIFERDUS TERRIGENOUS CLAY
Bl B i Light brownish gray [2.5Y 82} with mottling of light [MANGANIFEROUS)
bluish gray (S8 7/1) in Sections 2 and 3. Small mattles Light brewm gray (25Y &2) with light bluish gray (58
i of Mnoxide in Section 1. Minor frectures comenon. 25Y 672 T/) Mn saining. Coring induced offset In Secticn 1,
Possibbe fiow-in sadiments of Section 3 below 35 cm plus Merich interval §2-95 cm, Section 2,
Core-Catcher, Not snough color contrast to be certain. i
0 MMARY:
E , SMEAR SLIDE SUMMARY: 1 SMEAR SLIDE SUMM, "‘m
170 2485 o
Text o L4 Texture:
exture: 1
fang 2 :.'," 7
Silt 1B 15 2
83 B2 Clay
S Composition:
‘Compasition: Ouartz 3
Quartz w1 Faldspar 2
Feldupar 3 3 Mica 1
Mics 1 1 AR Heavy minerals 1
sle Hemvy minersis 2 2 Other clay minerals 92
Other clay minerals 82 &2 Micronodubes 1
Distoms T™H -
Micronodules 2 2 PHYSICAL PROPERTIES:
Sponge spiculs TR -~ 1142 270 352
" g e e
o~ PHYSICAL PROPERTIES: v g A
170 168 270 288 2 Density 167 188 18
vy bl R e S Water content 37.9 374 370
Vi 152 — 153 ol
Density — Ve — . RBONATE BOME:
Water content — 388 — 378 !I:‘-“N'E
170=4
CARBONATE BOMB: 1120 =4
1120=5 e
220=4 3204
sl s 2704 ala
21204
320 =4 3
ERE] cc 25V &7
: Voo
BlB|B fcc

SIS HLIS
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SISHLIS

SITE 516 HOLE A  CORE(HPC) 18 CORED INTERvAL 739-779m SITE 515 HOLE A  CORE(HPC) 21  CORED INTERVAL 95.9-88.9m
= FOSSIL 2 FOSSIL
o~ § CHARACTER § ; CHARACTER
g |5«[2]2]% H FMARE z| e
EHEHE [ GRAPHIC - |Bu| g 5| 2 GRAPHI
TE E§ % [ H £| E | umoocy LITHOLOGIC DESCRIPTION 'fg ,;'5‘ £ g 5| & sy LITHOLOGIC DESCRIPTION
e HHEHREE $5H A HHHOAREE ]
2 |E |3 E = £71E |2
R EHE g R g
ERHEEHE E N EHEE 3
BB 15 MUD a8
: " NONFOSSILIFEROUS TERRIGENOUS MUD
Tl -yl cromnie ey, 062, o Evecgon 1], Light brownish gray (25Y 62) groundmass, Section 1,
Dark grayish brown (25Y 4/2) groundmam. Section 2: 125-140 om: disseminated M. Offsst, HPC bnduced,
Farigs clety of copueic:delicks. alive black (5Y 2/1) manganese bands In Section 2.
0.5
SMEAR SLIDE SUMMARY: SMEAR SLIDE SUMMARY:
. 1 70 121 170
¥ o D 1 0 oD
Texture: Texture:
Sand 2 3 Sand = ]
Sirt 0 15 10 Sit W 43
Clay L Clay B
Compotition: Composition:
285Y 54 Cuartz 2 2 i "
Foidspar 2 2 Faldspar 5 045
Mice 2 8 Mica 5 10
Glaucontts ¥ o= Hamey minarals 5 8
Other cley minersht 92 85 Ottor ey i % 58
B8 Radiolarisns - TR B Nannofossils T -
Micranodules 1 2 Microncdules 2 2
PHYSICAL PROPERTIES:
1100 2465 332
v, _— = -
b V, 152 154 —
2 Bl e Bensity 167 170 8@ i 2
Witer contert 378 381 389
CARBONATE BOMB:
1:20=7
1704
1120 =8
2208
2704
2130 =5
320=4 Ble|e
BB
3
voip
s|sln -
SITE 615 HOLE A CORE(HPC) 19  CORED INTERvaL 778-818m
g 0551L
o § CHARACTER
- EANE zle
9% z -] GRAPHIC
'fg I g & § umotocy | 3EE LITHOLOGIC DESCRIFTION
w3 |3 g 3 -
2l 1i11HHA L
& 2 2 S
INFOSSILIFER
TERRIGENOUS MUD
f=—  Mnorich layer Grayish brown (2.5 5/2) groundmaz,
SMEAR BLIDE SUMMARY
o . 1.70
1 [+
Texture:
Sand 1
Silt 45
Clay 54
Compesitian:
Quartz a
Mica 5
Haavy minarals 1
Other clay minerals 58
2 Micranoduies 1
cC
od o MOTE: Core 20, 81.9-85.9 m: No recovary.
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SITE 516 HOLE A CORE (HPC) CORED INTERVAL B8.9-808m SITE 616 HOLE A  CORE (HPC) 23 CORED INTERVAL 90.9-948m
2 FOSSIL = FOSSIL
” '§ CHARACTER . ; CHARACTER
8 = HE e 8 |z.lel=Te z| &
= |2 H 2L GRAPHIC A EHHE E 21 % GRAPHIC
'z '¢'§ E H | B | umolosy A . LITHOLOGIC DESCRIPTION [ -;E =8 H 5 E LITHOLOGY LITHOLOGIC DESCRIPTION
g7 |EVE 528 |8 % HHE g7 1E7 15 5|2|8] [# g
vz HHE E i - L i
EMHHHE 3 ERHEHE
* {
; NONFOSSILIFEROUS, TERRIGENOUS MUD NONFOSSILIFEROUS, TERRIGENOUS MUD
Grayish brown (2.6 5/2). Baswe of Section 1 has mottling L] Infilling of coring disturbed sedimant In Section 1. Section
nd o manganess. 3. 4085 cm: greanish groy (5G 8/1) clay agoregates.
SMEAR SLIDE SUMMARY:
170 SMEAR SLIDE SUMMARY:
1 2 P 3 B 170 345
T :
l; volos Moionia N 8 . o o
//-"' Silt 2 Sand TR 3
Clay T i Si 15 10
Compotition: Cloy 5 e
Ouartz 1 I Camposition:
Palyper 1 Quartz g 3
Wica L] Faldupar 3 -
Other dlay minerals 83 Mica 4 5
Migronodule ! Hesvy minersls & -
] Other cloy minerals 78 82
Micronodules 2 -
25Y 52 PHYSICAL PROPERTIES:
1102 1110 270 330 3%
v, S5 AT e, e e
7 o I Vi — 152 153 153 —
2| 7 Dty 167 — 168 — 166
T ' 2 i Water content 3.9 —— 2 — 32
g o CARBONATE BOMB:
] 120=4
7 170 =4
R 1120=4
Faint, gray 2204
il mattiing 27020
2120=4
— Spot of 3208
oe [~ voIDs =~ organic 380 =4
g|e|8 B dibiris
3 u .
]
b ¥ Mn gpat
B|8 |8 |CC shiy E

SISHLIS



SITE

515 HOLE A

COR

E (HPC)

24 CORED INTER

VAL

94.9-86.9 m

SITE

a
@
g
m

98

TIME — ROCK
UNIT
BIOSTRATIGRAPHIC
ZONE

FOSSIL
CHARACTER

RADIOULARIANS
DIATOMS

FORAMINIFERS
NAKNOFOSSILS

SECTION

METERS

GRAPHIC
LITHOLOGY

BRICLTNG

SAMPLES

LITHOLOGIC DESCRIFTION

TIME — ROCK
uNIT
BIOSTRATIGRAPHIC
ZONE

FOSSIL
CHARACTER

A __CORE [HPC) 25
T 1

NANNDFOSSILS

GRAPHIC
LITHOLOGY

SECTION
METERS

AADIOLARIANE.
HATOME

BRICCTRE

EAMPLES

CORED INTERVAL 98.9-102.4m
— o Te

LITHOLOGIC DESCRIPTION

25Y 572

Faint gray
mattles

Spots: orgnic
debiris

Faint, gray
mattling

Voo

NONFOSSILIFEROUS, TERRIGENOUS MUD
Aggregates of greaniih sadimert worked In during coring.
Grayish brown (2.5Y 5/2) groundmms. Section 3; uniform
25Y E/2 with sxception of wome very faimt mottiing.

SMEAR SLIDE SUMMARY:
170
+]

Textisra:

Sard 2

Sin 20

Clay 78

Composition:

ez B

Feldapar : ]

Mica B

Other clay minerals 70

Grewn minerals o

Micronodsibes 2

PHYSICAL PROPERTIES:

1101 1110 270 350
vy —_ = = -
Vi — 152 153 154
Derity 1.6 — 172
Water content 368 — 352 363

CARBONATE BOME:
120=4a

1.70=5§

1120=4

220=4

270=5

2120=4

320-4

IT0=0

26Y 672

25Y 672 and
“EY 52

NONFOSSILIFEROUS, TERRIGENOUS MUD
Light yellowish brown  [25Y B/2) with blsbs of opasgue
arairs st 5984 om of Sectlon 1,

SMEAR SLIDE SUMMARY:

Texture:

Sand 0
Siir 50
Clay 40
Compodition:

Other clay minerals 40
Micronodules 80

PHYSICAL PROPERTIES:
1110

v, —

vy, 1.56

Chmsity 173

Water content 34,6

CARBONATE BOME:
120=4
170=5
1120 =4
220=4
270=4
2120-4
30=4

SIS HLIS
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SITE 6516  HOLE A CORE [HPC] 26 CORED INTERVAL _ 102.4-1054 m
§ FOSSIL
; H CHARACTER
=.lela [ -
B HEE Bl E | i, LITHOLOGIG DESCRIFTION
L HHEHAREN
S LA
L= o =
R HEIHE
NONFOSSILIFEROUS, TERRIGENOUS MUD
Light yeliow brown (2.5Y 8/2) with mottling of grayish
2 brown (28Y 5/2) mattling{?) = burrawing. Top highly
disturbed due to core liner implation and eracking.
. SMEAR SLIDE SUMMARY:
1 170
o
Texture:
Sand -
Sil 15
Clay Bs
Compositien:
Cuartz 1
Feldspar 1
Mica TR
Haavy minarals 2
Micronodules TR
PHYSICAL PROPERTIES:
170 V68 270 268
2 v, — — = =
vy, 155 — 156 —
Dersity — 116 — 17
Water content — 328 — 343
CAREBONATE BOMB:
120=4
B|B| B 170 =4
+120=5
2205
270 =5

SITE 515 HOLE A CORE(HPC) 27 CORED INTERVAL _105.4-107.8m
; FOSSIL
§ H CHARACTER
w23 Zl 2
T"— EE H a i g u GRAFHIC LITHOLOGIC DESCRIPTION
HEEE R B ElE LITHOLOGY i
H g HEIELE 2| 2
= BIE !
s |3 3 2la
T Voo
! NONFOSSILIFEROUS, TERRIGENOUS MUD
il Pale brown (10YR 6/4) tervigancun mud. mattied and with
! concantrations of dark spots (micronodules?l, that some-
timas form Iaminations (35 and 50 em).
1 .
L} SMEAR SLIDE SUMMARY:
148 170
M D
Texture:
Sard 1] 1
11 St 0 n
| Clay EU
Composition:
1 Quartz 0 s
Feldipar - 3
¥ Pyrite - 1
Heavy minerals - 1
Orther clay minerals 40 89
Micronodules ] 1
2
Mnrich(?} spats
B(B|B

SISHLIS
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515 HOLE B CORE__1 CORED INTERVAL  94.9-104.4m SITE 515  HOLE B CORE 3 COREDINTERVAL  1138-1234m
o FOSSIL 2 OSSIL
E CHARACTER 5 CHARACTER
ANE g z| @ A AE g z| e
=5 = gl = GRAPHIC en |98 2 S GRAPHI
.;§ g g H E| E | umioloay TP LITHOLOGIC DESCAIFTION B .;§ s 8 : H B Rriieoti E < LITHOLOGIC DESCRIPTION
- § 2> -
R HEHHBEE E $TIE |38z g @l = Eeg 2
MHHHE Sied§ AHHE gaer
@ |2]= a 3 @ | g &
NONFOSSILIFERDUS, TERRIGENOUS MUD NONFOSSILIFEROUS, TERRIGENOUS MUD
Color: ollve [SY 5/3) and olive groy {5Y 5/2), Layer of Grayish brown (10YR 5/2} with seme mattling in Section
g ‘organic debris in Section 1. 2. Section 4 has soma stained spots,
1
SMEAR SLIDE SUMMARY: TR wemw“m"?;: 370 6118
5Y /3 170 470 o D D
D D
5 Tesctisre:
;::"" 3 3 Sand 1 1 1
Silt wow 10
sity w2 20
Clay B8 88 89
Clay s 77 i o
Composition: Oowts 5 B 7
s 2 5Y 82 f“..:":, }m }an 3 a . Faldipar 3 3 3
Mics 10 5 | Mica 1 1 1
Heavy mineras o1 =
Hmtey rhintrass % 3 Other clay minerals 83 B9 87
Onhar clay minerals 57 &9 Wi 1 1 1
Micronodules B 3 eramoules
PHYSICAL PROPERTIES: | CAREONATE BOMM:
3133 3132 470 s
v R
vin 1Bl —— 154 L ; 6702
8 3 Densiny S ; .
Water content — 3B WS
!
26Y 62 1
B
B = 4
K VOIDS
515 HOLE B CORE 2 CORED INTERVAL 104.4-1139m
] FOSSIL ]
i CHARACTER
MOEE El 32 >
4 =8 5] GRAPHIC B B
H i k]
53 £ E § E|E | umioloay |, Eg LITHOLOGIC DESCRIFTION . |
g|ls|z g g Iz 355
E |3 HE ] .; |
: |8 HE & 2 b
= T
] ——— voios NONFOSSILIFEROUS, TERRIGENOUS MUD
~ Drilling disturbed. Color: gravish brown (2.5Y 572),
05 -
1 . 28Y6/2 SMEARSLIDEMM.\:;:
1.0 o &
B B Texture:
Sand 1 B .
silt 10 1oy
Clay B9
Compasition:
p 5 7 1 VoiD
Feldspar 2
§ Mica 1 o cC i
t . Other clay minersls 89
Micronodutes 1
1 CARBONATE BOMB:
B | * 2100=2
8|8 Icc A L —— voio
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SITE 616 HOLE B CORE 4 CORED INTERVAL 123.4-1329m SITE 615  HOLE B CORE 6  CORED INTERVAL 132.9-1424 m
g FOSSIL 2 FassiL
@ 5 CHARACTER - ; CHARACTER
OHE 8| & R EMAE 2 .
. EH 5 el & GRAPHIC e |28 = GRAPHIC
‘g .‘.é HEIE £l B | umiowocy LITHOLOGIC DESCRIFTION TE ,‘_5 HEIE E| E | umiotooy = LITHOLOGIC DESCRIPTION
4 5 2 ol ¥ g @3 |E~ H g g ¥ 3 @
@ HHHHEN : I RHEHEHE FiH
3 § z a 3 g § i g H ES
voID voio
NONFOSSILIFEROUS, TERRIGENOUS MUD NONFOSSILIFEROUS, TERRIGENOUS MUD
- Gray (2.5Y 5/0) mud with bluish motties, Grayish brown (10YR 5/2) mud, Mn-rich leyer st base of
Saction 1,
SMEAR SLIDE SUMMARY:
1‘:14‘ ,nm SMEAR SLIDE SUMMARY:
’ Taxture: - cc. 1
10YR B 4]
e e g % 10YRER Texture:
silt 010 -
Clay 88 00 Ms&n T
Compasition: vl fos
Quanz 4 (] i
Faidspar 3 a2 me: .
Mica 2 T o i
Heavy minsraly 1 - Mi:.p. F
Other clay minerals 8 80 .
B Spange spicules [ umrm:‘llll 9::
Micronadules. 1 1 B :T’m cuy minarals :
o i CARBONATE BOMB:
toer 270=3
5 402 i
% . .
H
>
i
LY
8
g|e|s .
B
B
B
.
]
APle B

SIS HLIS



515

HOLE B NTERVAL 161.8-161.4m
¥ FOSSIL g
CHARACTER
® |2 £ |2
FRENHBRE Zl 2 g2 |2.l% z| »
EEH B ol = w gl 2 =
I EEE 5l E LITHOLOGIC DESCRIPTION 1 i g A 5 LITHOLOGIC DESCRIFTION
; LNz ol w o - 1Z 152 F 5 L
T HEFI LI ELES = M EIHE gl g 2 @
E E 3 2| “ 5 ; E ENHELE @ j‘
2 E = E
-AHEHHE B HHHEE seedd
: T T— voio
B
G JTFMF:'J:;“:;fﬁﬁﬂﬁlmﬁrm BY [ NONFOSSILIFEROUS, TERRIGENOUS MUD
e i Grayish brown (T0YR 5/2) mug matthed by gray (5 6/1)
RP s_nr?Monm wggest burrows, Intense burrowing i See- T0YR 52 prisdbranblithae
tian 7.
SMEAR SLIDE SUMMARY: SMEAR SLIDE SUMMARY:
270 &70 370 540
B D o D o
Tenture: Texture:
Sand 3 1 Sand 1 1
sit - silt F R
RP! Clay 85 80 Clay 70 a4
Compasition: Companition:
Quartz Ouartz } )
Feldspar } *® } ] Feldspar By
8 Mica ™ - :.n 'r: ;
Heavy minarals 5 4 avy Mlﬂl!l.li
Other clay mirerals 68 B0 Dum clay minerals T2 a4
Carbonate unspecitisd TR TR q.ulum TR -~
B Nannofossits TR TR Siticotiagellates TR TR
Micronodules 1 TR ;Olm ; _T
Volcsnic gl 1 1 et
CARBONATE BOMB: CARBONATE BOMB:
g 270=0 . 2.70=1
8 470=2 4700
g B 670=6
=
H
-4
g
= B
2 i
[
a
AP .
nP =
8 =
B
AP
RP
P
APICP | B

SISHLIS
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SITE 515 HOLE B CORE 8  CORED INTERVAL 161.4-170.9 m SITE 515 HOLE B CORE 9  CORED INTERVAL 170.8-180.4 m
2 FOSSIL o FOSSIL
= CHARACTER = CHARACTER
512 § ETe ¥ z
EalBl a2 Zla > = lals -
e (B2 Gl = 25 GRAPHIC E e (228 Q GRAPHIC
kS :E E H z 5| & | uHoroay |, Eg L UTHOLOGIC DESCRIPTION H =§ £ § g £| B | umiolocy . LITHOLOGIC DESCRIPTION
S AHHEHHEU £ TH HAHHHHEEE 1
F 8|z E £l = i = =
ERHEEE FE AHEHHE F
e . B [RP|FM CC — voIDS
Yo SFERCLIS, 5 MUD SILICEQUS MUD
Sy IR /1) mud motibes ) g 8V BT);: Feor Total {spproximately 10%) calcarsous plus wilienous
10YR 6/1 black spats appaar n Section 1, Section 4 i 8 mottisd g mud, Greenith gray (50 8/1) in cobor snd completely dis-
1 - mixtute between gray (10YR 5/1) mud and greenish 'i Vit
gray [5G &1} o
.
z SMEAR SLIDE SUMMARY:
m SMEAR SLIDE SUMMARY: H P
170 470 480 E z b
o -] o z Textura:
Taxtura: § ‘E Sand i
Send TR 2 é E‘ st 30
® Sil a0 0 s Clay 70
5 Clay 60 B8 g 2 Compasition:
i Comotben - E: Pt 2
- Feldspar [ % ¢ - £ Other clay minarals 88
a Mica - 1 = Nannofossily B
1 Hasvy minarals TR TR - Diatoms 5
. Other clay minerals 81 75 WVolcanic glas 1
- voiD Carbonate unapecified — 3 Micronodules TR
§ ] Nannatossils - 2 - Eubedral calcits TR
= b2 Diatoms ™o o- -
2 ~ Silienfiageltstes - TR - SITE 615 HOLE B CORE 10 CORED INTERVAL 180.4-189.8 m
32 3 Veleanic gless 1 - - o FOSSIL
E 3 e Micronodules I H SHARRGTER
o o Spotge wncubes TR B - § E = -
] Ex |28 glzls ol = GRAPHIC = ot
] CARBONATE BOMB | 2 §§ £ g & E E LITHOLOGY LITHOLOGIC DESCRIPTION
E #m=2 £71E7 5] |2 (8] |#|® HERE
= o
470=3 ol (2 £l £ g i
E EHHEH 1
¥ X BIDGENIC (TERRIGENDUS) MUD
4 . 8 | E—— Black (10¥R 2.6/1), organic snats. Large psrticies (sand-
- [ size) ws clay not fecal pellets, with ion of
> ; p
8 P |Ap 1 I bedding. Section 2 ard dewncore s very upy,
| sy an SMEAR SLIDE SUMMARY:
° 170
| o
% . voin Taxture:
a s Sand 0
a 5| 1 voi 15 s i
- n = i Clay 5
B8 [FM T Vo "_I.c Compenition:
L J.."Lo Ouarte _ ]
e Cnher clay minerals 70
J__A.O Carbonate unspecified 2
i il SY 4N Nannotossily 20
- 1| Drimtoms 3
s Aadiolarisns 1
£ J_: o Sponge spicules 1
2| zla - _|o
= |5 L
= | = 0O
T | g .
£ L0
.J.: o
e (o]
i_l. o
Lo
J_j o
(e}
RP :__-I' o
J..'-L 0
e %
e
. o]
i (o]
Ll
i B
B ?H FM - t Voo

SIS aLIsS



SITE 515

SITE 516

HOLE ®

TIME — ROCK
uNIT

BIOSTRATIGRAPHIC
ZONE

FOSSIL -
CHARACTER

FORAMINIFERS

HANNOFOSSILE

RADIOLARI
| iaTones

SECTION

CORE "
it S

METERS

CORED

E]

AL

158, W — .

TRTCLTRE

NTARY

SAMPLES

LITHOLOGIC DESCRIPTION

middle Miocene

D. alata
NNT—lowar part NS [N

PP

FM

-t

TOILT

el gt o bl dog gl id il iyl ||||?|||

NERA RN AR

~

Voo

TRANSITIONAL BIDGENIC SEDIMENT
INANNOFOSSIL-RICH)
Color: dark gresnish gray (5GY 4/1). Spots scattered
throughout are ack (5 2/1),

Includes
micraspharuies

SMEAR SLIDE SUMMARY:
110 648
[+] o

BGY 4/1

Taxtiasrn:

Sand

St

Clay

Compasition:

Cuare

Feldupar

Other clay minersts
Carbonate unspecified
Nannofouils

Diatorms

Radiolarians
Silicofagellates
Sponge inlcules
Apatite

Voleanic glass 1

g3

F-F8n8new
1l iFedBu! e B8

PHYSICAL PROPERTIES:
1113 250

v, —

Vi —_

Density —_— - —

Water content 85 —

CARBONATE BOMB:
270=1
470=0
BI0=2

SITE 616 HOLE B CORE 12 CORED INTERVAL 189,4-208.9 m
[ FOsSIL
- 5 CHARACTER
8 |=.lels 2| @
i EH g 2l & Pt g 13 LITHOLOGIC DESCRIPTION
e HHHARHE Tif
£ 553 HE i . E
-
FRHHEE TiH
;T voID
= ~H
05 | BIOGENIC MUD
» H g . Color: dark gresnish gray (GY 4/1). Green laminations
! | {Saction 1}: clay-tich, fosil poor, Dark (5Y 2/1) deformed
IOE ty | WE Bayer ot 60 om of Section 3 and aha in Core-Catchar.
5 | SMEAR SLIDE SUMMARY:
= 184 2110
= | o o
'. Tenture:
- Sand - 1
el | sGY 41 sit o
= - + Clay w70
i 8 2 [ §
h ca Quartz
E ANl . Feldspsr }5—"’ 1
B AP Glauconite - T
Other clay minersls B0 69
~H ] - . Gresn sotw Foraminifers - 10
+ laeminuion Hannafamils - R
-H 1 Diatoms - 1
':'_ Radiclarians F
Silicoflagellates - TR
i SMEE i | Voleanic gass - %
Sponge spicules 2 oz
ca H l
n PHYSICAL PROPERTIES:
— : 288 308
8|8 |cm cc| | v it
b,
4 B Taas
Density -
Water content 524 488
CARBONATE BOME:
2T0=3
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515 HOLE B CORE 13 CORED INTERVAL 208.9-2184 m SITE 5156 HOLE B CORE 14  CORED INTERVAL 2 278m
2 FOSSIL 2 FOSSIL
CHARACTER P § CHARACTER
- z
suiEl g |2 | aresic & |zufelsle z| e
ﬁlé g El B | umHowoey : LITHOLOGIC DEECRIPTION TE = § HEE H B L,nr':,‘?;,_'gg\, LITHOLDGIC DESCRIPTION
- HHEE : R HHE R FTE
=] 1 =3 E |= 3]
BHHEHE 3 BHHEHE T th
3o T Tt
- BIOGENIC MUD ™
05| Color: dark greenish gray [EGY 471} with green lsmin- _‘“—I-_Q BIOGENIC MUD
1 Gy 4n ation staining with biack, organic debris, Brown deformed 8 S . CLAY-RICH NANNO DOZE
1 =] forsm-rich beds in Saction 4, Foram-tich beds murrounding 1 . Color: dark greenish gray [EGY /1 and BGY 5/1), Section
N gl green bed spproximately 1 cm thick in upper part of -l-_._"‘ BGY 4/1 1, 40 cm: foram-rich, very thin lnyers.
L o Section 5. 2
o -'-in
] 2 )
Pt SMEAR SLIDE SUMMARY: 1 SMEAR SLIDE SUMMARY:
-5 - 70 7.30
H- 533 R
o, I M o D
3 o Texture:
- Texture:
:'J" Ssnd 0 = i Sand g 2:
. sin %0 B - matd {iithifind) o
Gl = Ciny 50 2 ] / Ccay B0 75
=] Tal Composition: i Comporition: -
B 7 Otther clay mineraty 14 =] I'.llu'u_ L
3 Carbonate unspecifisd 4 i Mica
- Foraminifers £ Other cley minerals 26 25
La Mannofossils 30 Carbonate unspecitied — 3
E Inrinns Nennofouils 50 50
I- ki * Diatams 2 3
= L Radiclarian 1510
3 PHYSICAL PROPERTIES: L
7 21% 2138 502 6120 Snarge iplcuies :
3 e v, s iy s A \I'oleomeg_ilu -
<L Vi 164 — - 153 Spongs spicules - 8
L = Density —_ e - — .
§ —:: : Watar content — W7 B3 — Pummuﬁormnis‘.w
= ‘g =R CARBONATE BOMB: % <
2 |a H 270=0 n 2
:E (=] - =1 4702 5GY &1 Density —
i ot Water content 400
E 1 E BI0=0 = g
i g i 5 L CARBONATE BOMB:
4 1,1 2 270-2
Tl joa (R B70=7
Bl jcoine et Butt, beown
= [ biack, and green
o iy
q:I'
B ]
= B
B
5 _J- 2
B e
B A
8 L]
]
pis
I+ —— Organic dabeis IN3)
=L
g
- B
& mie
i E
B m
dut
1
7 -1
8 B |am cel voIp .
L B _|Fm
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SITE 515

SITE 515 HOLE B

CORE 15 CORED INTERVAL 2279-2374m SITE 515 HOLE B CORE 16 CORED INTERVAL 237.4-2469 m
E FOSSIL o S5 1
« |5 CHARACTER = CHARACTER
o
§= Ei‘ g % H 8| & GRAPHIC H = §’_ 5... HELE] g|a —
E.g ::‘3 3 § 5 g E LITHOLOGY o K ‘ LITHOLOGIC DESCRIPTION 'E gg § g H ; 5| E | umowocy ¢ LITHOLOGIC DESCRIPTION
£7 17§ g ¢ s 13 g
- g = H g3 5
ERHHEHE it l AHEHEHE -
SILICEDUS MUD
SILICEOUS MUD J ;
s " vows Color dominantly 5GY 4/1 with a greenish black (5GY 8 voios Fedtan. Vi amma gy MO G i ranion catc ey
201} tayer ot base of Saction 3 (140150 cm). 0.5 .
1 1 3
SMEAR SLIDE SUMMARY: 1.0 SMEAR SLIDE SUMMARY:
g i g 170°
£ 0o o i o
Tenture: Texture!
§ T Sand 8 1B ] Sarel -
QA = voIDS silt ® ; Silt -
g 1 Clay 67 55 1 Clay
E B Composition! 'g Compasition:
2 1 - Ouastz 2 Ele BGY 51 Quartz 1
Miea - 3 3 oM 2 7 Feldspar 1
Heavy minerals - TR i 1 wvow Mica TR
2 cG [ Othar clay minerals 53 54 “ B Othar clay minersls 80
Nannotosils 1 - | Faraminifary TH
Digtoms 3 - MNannolomsity TR
|| Radeolariam P ! Diatoms ™
- 1 Micranodules - 3 Radiolarians 10
£ ,,_-—-‘? Volos Spange spicules B w0 ! Gerdll Silicofiagellates 1
8 = Micronoduies ™
= L PHYSICAL PROPERTIES: 8 Vleanic glass 7
§ 3 3109 476 3
2 -1 Vy . T | #5ize analysis doesn't apply, becauss the particles sre
- Vi 160 153 ‘sgaregates of elay ax Iarge s sand grains,
3 Denmsity — - =
3 ] Water content "y - 5 FHYSICAL PROPERTIES:
" i
) § l CARBONATE BOMB: & ¥ =
- =2=0 3 | 5GY 511 Vi i
] —t—| 4701 Drsity —
-] voips 8| |ca|rP !
B ! ___,;' Waer content 1.0
4 . 11
ca A L. 4 CARBONATE BOME
] FP . /r g 3 voID Hpinh
& ] & ]
e 7
=
e
~ |
=] | ]
51 3 =2 s
B = ~
E T | 1
— - 2 VoID
B |AP [AM el { === L Voo ]
B |8 |Fa ccl !
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SITE 616 HOLE 8 CORE 17 CORED INTERVAL 246.9--256.4 m SITE 515 HOLE B CORE 189 CORED INTERVAL 266.9-2754 m
FOSSIL ] FOSSIL
e CHARACTER . i CHARACTER
N EMEE sl g EME z| e
= =] gwlEl = T =
SEIEE|E g § £l & | Miolosy |25 LITHOLOGIC DESCRIFTION “Sf:;-’ EHHEE g E| 8 | (hiome, LITHOLOGIC DESCRIFTION
Zl=R]z - 1 ke
g3 1ET 2151318 (%2 i SHAHHEHHBEE +EH
E HEE = § 18 |2|3)|3]|% 2E ,s
HEE B E s |E|2|2]|a g
7 | '
] ! SILICEDUS MUD SILICEOUS BIOGENIC MUDSTONE
05 Dty grawti gy (6G A1) et Tt Joithong thockighs 051 Dark grosnish yray [5G 4/1) silicoous mudstanes, with frw
1 out Section 1. burrows and same faint lsminstions. Dril biscults through-
1 f L] 1 + " out.
8 10 SUENTELIOE COMMARY: 10 2 SMEAR SLIDE SUMMARY:
4 Il)vm :J! B i 188 101 484
E 1 Texture: B B D
= Sand 0 10 { Toxa: . s
i ; | - - > £ 5
1 s = Clay 80 47 B3
= = Composition: e, o
g E = Ouartz 3 5 = T ml:nmpndm. R . )
“ 2| 3 i In: TN 2 Mica TR - TR
= = Other clay minerals 85 75 O Li -
HHORS Newebiagle = IR B| |co Other cloy minerals 78 47 B3
- é Dikmes 5 ¥ i Carbonste unspecitied 2 - -
& Recloartaa ! 3 Elw Nasnnafossils - 1 2
Silicafageltates ™ TR g = . . a5
I Mironothiek B % é’ 3 I Radiolarians 2 2 TR
Secni il W { T Silicatisgeliatis TR TR TR
[——— ™ - TR
PHYSICAL PROPERTIES: E = e m o=
2 He ; SRR ta ; ] e = &
! vy 160 — 18
h = ¥ PHYSICAL PROPERTIES:
B | lea|ee Density _ - = - 8 e 3108
|| I Water content — 415 a8 — ) 10
L3
— v, 162
sle cc i voio CARBONATE BOMB: LR L
RA0D Watar eontent 418
SITE 616 HOLE @8 CORE 18 CORED INTERVAL 256.4-265.9 m 4 g'.::mzu.\ﬁma;
J FOSSIL 0=
< |B CHARACTER ® 470=3
g MHE 5 gl g GRAR ° i 1
== - HIC -
1z HEFIE £l & | urHolocy i LITHOLOGIC DESCRIPTION ola e 4] VoIS
g3 315|513 |82 S
x g2 " =
L HERE EE[E
HEAEE & &l
TERRIGENDUS MUD
& B Derk graenish gray (BG 4/1) mud.
3 1
voin SMEAR SLIDE SUMMARY:
» cc. 18
4 D
= Texturs:
|2 Saned 5
; g Siit 16
Clay 80
i 2 Compatition:
2 |8| |calee ; o
i = voin Mice ™
B | RP Hawiy miinarsis ™
Orher clay minerals B0
Mannotossilt 2
Diatoms TR
Sponge wicules 3
PHYSICAL PROPERTIES:
Yy 158
Vh 1.61
Drensity 1.50
Water content a2
CARBONATE BOMB:
170=0
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SITE 616 HOLE B CORE 20 CORED INTERVAL 275.4-284.9 m SITE 515 HOLE B CORE 21 CORED INTERVAL 284.9-294.4 m

SISHLIS

Nscssu. g FOSSIL
§ CHARACTER § Y CHARACTER
o 212 Bl g EMEIELE E| 2
L4 a 2 GRAPHIC e 2% S| = GRAPHIC =
TE § E E| £ | umuology H LITHOLOGIC DESCRIPTION k(R w 3 Bl E | eey LITHOLOGIC DESCRIPTION
¥° : a2 25 o 3 |2¥ 3 gl ¥ g
i HE = = |8 H g
= E
HHE 3 FAHEHHE E2
E | =
. 1 ! DIATOMACEDUS MUDSTONE
0.5 MUDSTONE ~ Groanlsh gray [5G 4/1 and 5G /1), Dark gray (N3} bur-
Dark greenish gray [5G 471] silicecus muditone, burrowed, = f fows comman — typically & few mm to 1 cm dismetar.
] ! Faint laminations from Section 4 through Section 8. 1 pial] Coring bhcuits separated by soft, disturbed intervals.
e ) Very lithe cabonats — only 8 few poorly pressrved
1.0 =1 coccoliths.
. } SMEAR 5LIDE SUMMARY: ] ~
B x 30 o]
. o <] 1] SMEAR SLIDE SUMMARY;
3 { Texture: =y 270 $70
- Sand 3 =4 0o o
= Silt 10 =y Tuwtura:
ca =5 Clay 8 1 Sand ] 1
3 Compositian —~ . sit M oM
2 E Ouartz ™H 2 — Clay 6
Mica TR = i Composition:
Other clay minerals 87 = Guartz
£ Nannofossis 2 8 = ekl b0 o
=1ls Silicaflageliates TH Py Hemvy st 3 2
Micranoduies ™ = i Glauconite - T
Spangs spicules o & = Other clay minerals 65 &7
x ~ Hannolossiis ™m -
- PHYSICAL PROPEATIES: Diatoms 0 20
=
ER — - H 63t b~ Radialariang 1 1
ila 3 3 . Ve 104 E =1 i Micronodules 1 TR
5 e 3 v, 188 - 3 = Spange spicules TR
— Deruity 151 “ =
% i Water content a0 5 gle — PHYSICAL rnmnﬂ:i:!
B 2
z CARBONATE BOMS: % = l vy =
2002 1 ¥, -
470-0 2 I~ Disity 161
{ &70=0 2 — . Water content a2
|
=1 (! CARBONATE BOME:
4 4 L~ 270=0
e i~ 4702
E by 6T0=2
8| |calmr 2 J
B | S
all
=
=~
| 4 e i
et
|
=
—
=M RE
5 | i
L} ’ _
- =
K o = o
’ . E\,
{ =
-l 3
Foesiil
o N — 1;"1
i — —~
B =
6 & = |
| |
B B =
=g 1
1~ it
214!
8 |Re c =
7
s Jee ec voios
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SITE 615 HOLE B  CORE 22 CORED INTERVAL 234.4-3038m SITE 516 HOLE B CORE 23  CORED INTERVAL  303.9-3134m
] FOSSIL g FOSSIL
; CHARACTER s CHARACTER
g = g " z| w g E .l2ls 5
og H ] 2 GRAPHI
A R EHAEHEEE i N S—
S HHHARGE +4HH M HHEHRE EH
£ |5 a5 =] E |8 |3 H g% == s
EREHEEHE E SHHEHHE FEE
- = - F =
oy 4 ho—
1= - b I
=] = =
= DIATOMACEOUS MUDSTONE 0.5 g DIATOMACEOUS MUDSTONE
i _— Biscuited throughout. Gresnish gray (5G 4/1-5G 8/1) ] g Groanish gray (5G 4/1-5G 6/1) with derk gray (N3}
(== silicsous muditons with small burrowa. Grayish brown ] P burrows (1—20 mm dlamater} common throughout. Several
A {10¥R 7/4) stresks and burrows scattered fram 60 cm of 1.0 ] lightcolored burrows and laminse [harizontal burrcws?)
B ] Sectlan 1 to 20 om of Ssction 3. - F1 contain apatite. Bast-developed layer at Saction 1, 95 cm.
=] 1 — Biscuited.
- o
== — =
E A SMEAR SLIDE SUMMARY: =
] ¢ SMEAR SLIDE SUMMARY:
;. 270 314* 570 s, 165 270 B0
1~ ¥ D M D ~ = M B D
—r Taxture: . \':“ Taxture;
2 =] . Sand 3 2 3 2 - P - e } ~ _ P
AP ] o i & & 3 i iyt g sih - w0 3
=% { Clay oo 0 B 6 ] ! i B
L} 1= Commdtion: 2 od | Composition:
i~ Quartz
2411 e 13 51 i - R T
RP —r] Haavy minersls 2 TR 1 o . o 1
=4 il = Other cliy mineesls 55 47 64 e 1 HM:.I;‘.:.';:.M = é o
E A Mannofonily - B 3 = foils 2 5 2
H = } Distome x® %= | Dintoms "o %
it Sacoldnis b, W A = Radiolarians 2 2
3 ] Shicrlligellas T = .= 3 = Slicotlagaltates - TR TR
E 1= Vieleanic glass 1 - TH E = b i Apatitai?) 5 - -
—] Apatite - B0 - k-] B g Sponge splcules i 1
s | #(8 = Sponge spicules ™3 1 H % L=
2 " _E kv CARBONATE BOME:
% g pign  Sample from a burrow E I 270=8
-] ] iy 470=9
= = | PHYSICAL PROPERTIES: e 8704
} ] 151
& =4 v, 165
; Vi 163 4 i
4 = ! Demity 153
¢ Water cantant 444
Bl [cofm s B P
= i CARBONATE BOMB: %
= 270-8
. y oo 470=2
3 =% I 5708
~
L~ 5
5 ] ] il 5
=% |
J 3|
3 B
. falc] b
z i
N =] &
=3 3 w
c ] =3 | &
. — =
it 6 =% i S 1
z i [ptuippion g - L]
oM pter il % '.l-.
Jdegl o PP ot ﬁ |
B
z
me |cp |
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SITE 515 HOLE B CORE 24 CORED INTERVAL 313.4-3229m SITE 515 HOLE B CcORE 25 CORED INTERVAL 322.8-3324m
g FOSSIL g FOSSIL
z CHARACTER CHARACTER
x |% = §
R EAAEE H . g |: “TE ..
(] B S|z GRAPHI =1 = HE: >
EeZz|E £ LN 5 LITHOLOGIC DESCRIPTION To|EE z Bl & anAruIC H LITHOLOGIC DESCRIPTION
Z1aB|: 3 5 oLoaY L ees , z |58 H 5| & | wutHoLogy H
$IEVZ15(3|2) |&| % £ 5K ws (% 5 R 2ElE0 s
NI § g SolE g ¢ S EHE 4 5
L = = % = Bz =
Ed = 3 2 -3 F
] § = a 5 0 o ; = =3 = O 5
1 1 _-—-ﬂu—-;::::.___._!_ —
@ = —— wvoip
3 -
z Z [|RP|FP CC| SLICEOUS MUDSTONE 'L“_‘-r SILICEOUS MUDSTONE (RADIOLARIAN)
s |9 05 L=9| Colar: Qliva gray [SY 4/1). Section 2, 20 om-Section 4,
g == . 80 em: 10YA B/3 detormed burrow-fill
i ' =4
CARBONATE BOME: 1.0 = | SMEAR SLIDE SUMMARY:
e=2 = o ‘i L70° 370
= oM
=211, Tesni
o Sand 5 -
_.,T:{’\‘ R ! siit ® 50
=3 |{ Clry & 50
= | mmnnﬂ:
E | e -
2 }J%, | i Other clay minerats. 63 28
ed | Carbonate unspecified 2 =
.r_n_“ | nE Nannofossily 1 El
=oA ! Diistoms. - 1
= 4 Radiniarisns 20 3
|t Spange spicules 128
~4 Micronaslubes ™o
| Y Apatitesphendes  — 30
e | Revnrked microtossils — 0
-4, |1
| -
3 = |
=4 Al csaus reworked snd recry
Pra®
G PHYSICAL PROPEATIES:
g |8 | ]
E 51| p e
2 4 i
= 3 =5 | Density 1.86
H E =3 | Water content 41z
E - R
el |a] T ~d (|1 CARBONATE BOME:
= =3 | 270-0
= =] i 470=2
= o G0=2
= oG ORGANIC CARBON
a 1113123 = 0.16
st
-1 =4
-
et
gl
5 g%
|
=311
™
-
M of
L~ = l
< |
1
& 1]
H
7 i
AP 73 —f—— voios
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SITE 516 HOLE B CORE 26 CORED INTERVAL 332.4-3419m SITE 516 HOLE B CORE 27 CORED INTERVAL 341.9-3514m
g FOSSIL g FOSSIL
« % CHARACTER " g CHARACTER
8 leuleln z| » 5 g l=.lz]2 z| w
4 = = 9 o| =
St .2.5‘ il 2 E & H LITHOLOGIC DESCRIPTION TE ES H g § HE st H LITHOLOGIC DESCRIPTION
< z NlE
HEHEHHEEE ine S HEEHIREE g
= g |2l2]3 |5 3 F |8 |2]2|5]|% E
= |2]%]|2]|5 @ |2|2|2 g E
i vino SILICEOUS MUDSTONE
0.5 ! Madium SILILEOLS WURSTONE AND sOLY Bisculted and burmowed thraughout. Fill is dark gray (NJ).
= grey (58 6/1) throughout with motties of olive ok it
. ": ray (BY 4/1) in first two sections, Leminations e black. Section 2: light ofive gray (5Y &/1)
n . 1 ! 1 spot, Section 3, 130 om: micro-burrows filled with pale
8 10} SMEAR SLIDE SUMMARY: Brown (107R 8/3) sediment,
170 480
: E °or SMEAR 5LIDE SUMMARY:
" Texture: B 327 &1
Sandt 1 - 5Y 6/ spot o D
g spsiapeioss Bl & Y B4 st w0 B .
. Clay 58 65 Sand B 5
B . = ;,j | } Campaositian: i Siit : E:
Cuiartz - Clay
2 T | Other clay minersis 39 45 2 L+ Compotion
=4 } Carbonate unspecified — a - Ouarts 2 2
il ] Nanrotossils 5 W i Felcypar - H
T RE] Diatoms 2 3 H Other clay minersls 60 69
Fadiolarians 20 a M H Mannafossils - TR
g Micronadules - 1 P | Digtoms 16 -]
& Q Sponge spleul a 8 i, - Radiolarians & 18
A Volcanic glass 4 2 LA Spange sploubes 18 0
o} - | E Micronaciutes - 2
§ z - Sy fe] PHYSICAL PROPERTIES: b Voleanie glass 3 2
= - = 4
2|z 31 3 o % P 3 Tt | ! PHYSICAL PROPERTIES:
] s o i 166 e LE 5108
£z ] Deniity 152 iz e ! v, 158
2= o] Water content &7 3% P Vi 1.62
5 & P Density 1.48
5 CARBOMATE BOMB: g Z |a A Water cantunt 468
2 [e] 270=1 g e [ |
i o = A CARBONATE BOMB:
i o B C 1 270=2
; ¥ | i 4703
& 4 o . § o 4 ;.;- =] 670=1
o] g e, | 1
AP o FE
hot= 14 {
(o] ] LA
o AF ‘ i
5 exyl
o] o1 | =
s fo) 5
o
o
o 5
4 wvoo |O
= o
o
6 o &
o
b= 9 APl B
(o]
o FC/ i
1 1 i L =5
7 - o
& o
e/ he
B P cc| - °
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SITE 615 HOLE B CcORE 28 CORED INTERVAL 351.4-360.9 m SITE 516 HOLE B CORE 29 CORED INTERVAL  360.8-370.4m
] FOSSIL 2 FOSSIL
& ; CHARACTER @ E CHARACTER
EMEMABE zl g - 8 MEE @
e 22| S| Bl = g GRAPHIC B (0% H E = GRAPHIC
z|=5(%|8|& E| E | umholoay | 3E LITHOLOGIC DESCRIPTION = EHHEE £l & | uoloay 5 LITHOLOGIC DESCRIPTION
S HHHAREE THE HEHHHAREE s,
SRR HEEE +EH S E ; : 3 c
- < (= -
BHHEE T HHEHHEE 3 ;
= = - T
i
k[ -
Pl g ol g o | e
1 Solor, Hand round placss of 10VA &5 ceymuon. Sukske 1 i 5681 8/1) nd madium blkh gray (S8 5/1), Sactions § and 6:
] calar phternations begin ot Section 4, 80 em and end &t 0= =L | [kt ot et bl .
1.0 baw of Saction 5. Lighter color [5G 6/1) in Section 4 i s Mt i . ot olive gray b
1 associated with fewer burrows. Dack laminatiors and dark B . ! |
W . burrow fill at 104 £m of Section 6. - seam2 =0 585/ SMEAR SLIDE SUMMARY:
7 e e e i Ll 180 3147
. g e I o o
. SMEAR SLIDE SUMMARY: 0= == | Tasmuee:
- 168 4130 o [ e I t.i Sand - 2
= LI n S 50 3%
— Texture: -1 =C= =] Clay B0 85
B 2 Sand 8 2 2 7] b Composition:
silt @ 15 B Quartz 3
Clay L Feldspar 2 -
Compeaitian: Mica TR TR
B = | Other ciay minerals 60 68
Other clay minerals 50 40 == <] Nannolassily 1 -
Nannofoasi (- = ' il Distarms noow
Diatoms 0 : = Radiclarians 0 w0
Raclialarian 10 = 3 Micronodules 1 =
2 Spange spicules 0 10 £ o= 0= | l Sponge spicules 0 10
A L 3 Micronodues [ E b S 71 Volcanic glass 3 a
Volcanic glass 1 2 = B 3 4 il I i
= 5 E o= =0= = | | PHYSICAL PROPERTIES:
E 3 PHYSICAL PROPERTIES: Elo = ” s 5138
d 493 ] 3 v, 1.63
5 v, 1.68 5 =l a0 | e iy 188
2 Vi 1.8 % NaE Shos I Derity 154
% Ownsity 1.64 3 Water content 445
Watar cantnt e j 1. o< 1
i 8| |FM|Re & S S il CARBONATE BOMS:
2 CARBONATE BOMB: 3 2T0=2
4 2050 5 wel 4] Fo= LT=-- 4702
A5 =0 J EEy) R 6702
6655 3
- h -
= i
8 = ; 585/1
5 5 ]
B 3 !
- i
B
& 8 &
7 56 6/1
8 7
B
8 |B cC
B |B \cC vains
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SITE 516 HOLE B CORE 30 CORED INTERVAL 370.4-379.9 m SITE 616 HOLE B CORE 31 CORED INTERVAL 379.9-389.4 m
L FOSSIL 2 FOSSIL
« |8 CHARACTER x |& CHARACTE
EEMAE gl e g |= w
G - 2 AE
‘f% E§ [ g g £ E ngr LITHOLOGIE DESCRIPTION Ee gg H g é .5_ ?-:_- Lf,r';%":‘o'g* LITHOLOGIC DESCRIPTION
™ F Rl =z a
A HHH UL : HAHHHAREE :
1 = a HiHE ﬁ
5 & ) ) 2 & |= L] £
E a5 ]
n SILICEQUS MUDSTONE N SELIEO0US MUDSTONE
= 0.5 _— Biscuited and bioturbated throughout. Section 3 i light 05 Biscuited ﬂmm and color being Ml_um blutlﬂ ey
N olive gray (5Y 671 fill (concration? or very large burraw], 8 — 158 5/1), Light olive gray ISY 6/1) twbe filling {Section 41,
=} 1 |
N 585/ SMEAR SLIDE SUMMARY: - SMEAR 5LIDE SUMMARY;
o= 70 890 10 170 470
E D o - o D
- ‘;:ﬂwn: 5 5 = Taxture:
] Sand 8 1
sit B 43 7 st @ m:
80 B4 = SB5M1 Clay B4 &0
Composition 4 i = Composition:
B - Cuartz B = Quartz 1 2
ce 21 Mics 12 2| o Mica ™2
B Mewey minersls 1 a ] Other clay minerals 66 38
- Orther ?l\r:ﬂl_‘lh 60 :3“ — Carbonats uripecifisd — i
] Nennalossil - = Nennofassils = 3
B Dmnm_ 8 o - Driatams o 2
Radiolarisn 12 16 = Radiolarians 10 5
= Sillcoflageltates - 15 - Silieafiagalistes 10 2
7 Sporge spicules LI =4 Micronadules 4 1
z 7 Micranoduies z - 3 Spange picules 4 @
E = Walcanic glass B 3
E E PHYSICAL PROPERTIES: B ] g
gl 3 3 5128 3 PHYSICAL PROPERTIES:
HE ] :, :.: 3 2120
B E h ! 8 v, 184
g ] Dursiey 152 E = Vi 167
g 2 3 Water content 45.1 = % bz Density 152
3 —" ™ Water content 444
3 CARBONA’ : i 4
z E 170=0 3 £ 3 CARBONATE BOMB:
& = 470=0 =] 270=1
5 ] B0 =1 8 O, S, 4708
] .
" # o P M D | [ 8708
E ap 3
- W
B = B F
5| 3 s| ]
- | i 10YR 8/3 -
= {-=——o lmyer asocinted =
3 with lamination B
E ‘ [} 1
B =] I 8 =
& n &
1 1
E |
b i 1 W1 L
7 B == = [ ] B 7
B i o= — voips s |8 cof=
ls |s e =S
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E SITE 515 HOLE B CORE 32 CORED INTERVAL 389.4-3989m SITE 615 HOLE B CORE_ 33 CORED INTERVAL
o g FOSSIL
&2 g CHARRETER « |2 CHARACTER
®
g |2 5 z " g |zulelzTe £l 2
£ |2 g 2 g g 5 GRARHIC z LITHOLOGIC DESCRIPTION S HEE B | phawe, E LITHOLOGIC DESCRIPTION
= E E E LITHOLO H HIFEH 5| L o 3= 5
w3 IR 2 g 2 2 ] N HEIE ol = E g
7= 5 a ¥l = = 5 g H LR bid B
2 + 1 a1 HHE Ll
& § § |3 3 & ]
| E SILICEOUS MUDSTONE
SILICEOUS MUDSTONE
; Bat greenish (5G 6/1) and dark greentsh gray
| : Batwear: greanish gray [5G /1) and medlum biuih gray Im"::' ilm’;ﬂ"ﬂm et {aint, g Isromis
' 158 5/1) siliceous mudstona burrowsd throughout and with [beown color] ad smail {3 mem| dark spots throughout the
| i Iaint larndnations. 1 wctlan,
| SMEAR SLIDE SUMMARY: L SMEAR SLIDE SUMMARY:
8 E 368 CC, 10 [orack) 270 670
D D D o
I 1 Texture: Texture:
Sand 5 5 Sandl 2 3
St 15 16 Sl 0 16
Clay 80 80 Ciay LI
I Composition: 2 * Camposition:
| Quarez 0 4 Quartz i3
Mica TR TR Mica T . —
A | Pyrits TR T sl lem Pyrite 12
Heaey minsrals Z 1 ® Haayy minarals 1 1
Other clay minerais 80 80 - | = Zeolites = TR
| i Carbonate unspecitied 1 — g E Orhas clay minerals 48 B2
Diatoms. 3 4 2 Dintoms 2 2
| Radiotsrians TR 1 =| g Racdiglarizns TR TR
| Silicallagatlares - TR g 4 Siicoftagellates ™R -
8 ! Spange spicules 5 - g Apatite -
I . Mieranadules £ e b 3 Soorin spiailes 5 3
i Micranodules = 5
| | PHYSICAL PROPERTIES:
i 534 3 B PHYSIGAL PROPERTIES:
v, 1.68 & 220
s |8 I Vi 1.68 v, 188
§ 2 Density 156 Vi 174
8|3 | Waer cantant 421 Density 158
s | & -] Water contant LIk ]
£ |3 CARBONATE BOMB: ]
E E | ! 2700 4 in CARBONATE BOMB:
= 470=0 . 270-2
BI0=2 s 470=2
| 6703
B P [ | 8 AP
| il
Ik A
B
|
8
: | z
I 1
Al B t
. |
|
LAE: L] e B |8 i
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siTE 616 poLe B CORE 3  CORED INTERVAL 408.4-417.9 m SITE 616  HOLE B CORE 35 CORED INTERVAL  417.0-4274m
E FOSSIL H sSiL
§ ; CHARACTER . |Z CHARACTER
FARE 2 = - EMBRE HE
BYEHE : S| E | onmomc H LITHOLOGIC DESCRIPTION SAEHHEE i 2| & | ocRaeic B LITHOLOGIC DESCRIPTION
1z |28 5 E 5l e LITHOLOGY b ! ‘2|58 5 = 5l & LITHOLOGY |, 3 =
w3 |z 2 5 g als 3 -1 g e g =1 8 Bl g R "
205 |3[2)8|8 BEEY & R B
5 2 £ g = E El i = & ﬁ -1 H = E
a |8 B =K H HERE & &l &l
=Bl
| $ILICEQUS MUDSTONE i B DIATOMACEOUS MUDSTONE
Dark greenich gray (6G 4/1) with imall [1-2 mm) green 05 1~ i Greenlth gray [5G 4/1-6G 8/1). Extensive burrowing,
| * pots and (ent laminations throughout, Section 2 having ™ with parallel and Inclined laminations. Minor sifty zones,
@ possitie fokd and Burrows 1 = i soft mud def fon and and
Some lamingtions sre winy (rippies?). Section 7 and o f foding. Coring deformation — biscults Interbedded with
Core-Catcher: betwasn olive gray [5Y 4/1] and fight alive B 1.0 -y il brecola.
2 e ey [5Y B/1) with taint leminstions and bisrrows through- = i
o lem = SMEAR SLIDE SUMMARY:
= ; 270 536 lsilty zone)
SMEAR SLIDE SUMMARY: ] [ b D
. 85 23 B2 5110 = f Texture: ,
e D D = Sand 2
T Taxtura: i t - Sily W 43
cm = Sand 1w 5 7 2 = f Clay 70 56
Sl 3® 2 6 0 "~ | 1] mpmnmn
7 t
B ::wm s 70 80 73 = 1 Qe } . } .
F.wu:- by ‘g : g a f‘?*: | f :l:i:;ninmls 1 Iﬁ
Wics TR - TR 1 = Othwr clay minerals 70 56
Pyrite 1t 3 1 - ;5_ | i Carbonate unepecified TR —
Heawy minwrals 2 4 1 - — Diatoms B 3
Other clay minerals 67 L ] a_—‘- " Radiolasianm 2 5
_ Distors o3 4 3 e o y ] ] b Volcanic glass mo1
£ Radiolarians 2 2 1 a g I ' Chamosite B 1
Slbcoflageliates - ™ TR - 5 = my Sponge spicules 1 2
Sponga splculas 1 3 3 5 = R ] ;
g " Fecal pellets - = = @® 5 8 e PHYSICAL PROPERTIES:
~
2l a Chamosite § - - ila 2 442 6108
2|z 3 1= | v, 172 —
1 PHYSICAL PAOPERTIES: H 8 =K vy, 1.;‘:; 178
: 387 89 g : Rias Density 160 —
= % v, 113 178 - =l E A, War content 414 —
Yy 178 183 182 i =
Density 1.60 163 — ﬁ. 2 AP 4 =) - CARBONATE BOME:
Water content 408 ;|7 — g 270=0
— =111 470=1
8 AP CARBONATE BOMB: 8 a1 =V i B70=5
270=1 B
470=1
8703 'E 1
| T E =1/ *
! —1 :\ I - Winnawing?
1] s| 3 S L [ sigpi, sy
= E — oedding
= i
8 . - ] | |
. B ] =
- -
E |
= |
3 I~ i
5Y 4/1 and 1 m |
EY 61 o
] b i
8 e 7 =i
- =~ I
':\ \
8 b= [ ]
- -
k.
- 1
- H
o I |
= —
B z 7 =
o — ]
= B
z . |
8|8 [rmiFe cc Py
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SITE 515 HOLE B CORE 36 CORED INTERVAL 427.4-436.9 m SITE 516 HOLE B CORE 37 CORED INTERVAL 436.9-446.4 m
-] FOSSIL 2 FOESIL
" ; CHARACTER § ; CHARACTER
R EMEE zl g > EMEE] z| @
o - el % GRAPHIC ow = cle
sE = g g El & | drorocy E ) LITHOLOGIC DESCRIPTION ‘fg g5\t g § B e, k LITHOLOGIC DESCRIPTION
4 HH AN S alHHEREE
F B § 8 |= =
AHHHE HEE HHHE L
B
DIATOMACEOUS MUDSTONE SILICEOUS MUDSTONE
Greaniah geay (5G 4/1-5G G/1} in color. Vary imilar to 5G 4/1-6G &N i gy B 4/1-5G &) and i G
Core 35, Cwumi phasphaticl?) zones. Burrowing, Imw B with both dark gray [N3) and yellowish gray (BY &/1)
wtigns, deformation structunes comman, Orill biscuits Biscuited then pranvious. com, Lavge hatici?)
comman, burrow in Saction B. Blseulted throughout.
SMEAR SLIDE SUMMARY: SMEAR SLIDE SUMMARY:
2.70 453 370 870
D D D M
Textura: B Texture:
Sand TR TR Sand 5 5
Sile s 50 Sin 15 25
Clay 6 50 Clay 8 T0
Composition: 3H|wmmm
Quartz ca Bz
Faldspar } 2 }? Fabdipar } 10 }3
Mica T™H - Pyrite T 2
Pyrite [ Haawy minarals 1 1
Heawy minerals. 1 TR Onhee clay minargls B0 T4
Other clay minerals 83 53 :’_l"ﬂﬂlbll“l —3 12
Diatoms 15 15 atoms
Radiolarians a4 Fadiolariane 22
fle ot - ool
= .
,E = Spange spicules " E £ Micronodules TR TR
=
§ -E PHYSICAL PROPERTIES: = i PHYSICAL PROPERTIES:
5|3 F100 2 543
¥ | = v, 187 iy v, 172
g v, 174 = v, 1.74
] n'n'mhv 158 % Density 158
& Water content a7 i Water content 409
§ E » CARBONATE BOMB: E 2 CARBONATE BOMB:
g 470=0 g 3 2-:-‘
B70=1 470=1
et od = a| lealne 6704
W
B G
BY &1
B
RG bl
z
™
=
E+
£
S| Ines
BB 1B le
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SITE 516 HOLE B CORE 38 CORED INTERVAL 446.4-455.9 m SITE 516 HOLE B CORE 39  CORED INTERVAL 455.9—465.4 m
g FOSSIL g FOSSH
- § CHARACTER § ; CHARACTER
8 |z2.leT= z|l » Cwlgl3 g H B
= (0% 2[5 ol GRAPHIC N EHEE g GRAPHIC
'§ :é E E E £ E LITHOLOGY L " LITHOLOGIC DESCRIPTION ,g :§ i 5 £ E LITHOLOGY LITHOLOGIC DESCAIFTION
HAHHHHEE £ 1H L AHHEHHE RN
= = = | i = £
ERHEIEHE Ed FRHHEE
B .
DSTON = —e SILICEQUS BIOGENIC MUDSTONE
I SLICEQUS ML) £ ) 7] BG & Biscsiftod throughout, Bloturbated (N3 colar), Inclined
8 Colati giateinh gy 1608 51156 A% Buiewe with 05umam s {aminations within biscuits, Small-scala offuets of lamin-
gack,wiy. DR s wkror 1WA vl oy Y e ] vions. Light gray (10YR 7/2) deformed beds (Section 2)
| l BG #/1-5G 61 i e YN e A 7 ' : also small burrows and deformed laminations. Burrow fill
] e feoean 2N iochs o {Section &): dark gray IN3),
. [ 17 A
= Saction 4: 3
3 SMEAR SLIDE SUMMARY:
- [ s0em — B 70 870
= = o o
1% Texture:
E Bl e 3 a4A Sand wos
y .
8| lom 2 A I 2l T Sint 0 B
= a Clay B0 66
=4 - Camposition:
- Ousrtz w8
o A Mica [
o T . Heavy mineraly 1 -
7 t = | 2 m Other clay minersts 50 40
-] = B Nannofossil - 30
= Lol E ] = Distoms LI
= z g [ o Radialarians 010
. Cl g Sponge spicules 5 8
3 5 < 3 :O- Volcanc glass -
£ S = - PHYSICAL PROPERTIES:
o %  CfoSCe I s
= SMEAR 5LIDE SUMMARY! 3 = v, 107
oz | 268 671 § 3 == vy :;1
i 5] o . £
; A Toxturg: 3 ] S5 Watar content 412
3 Sand 3 3 3
% 9 . I sitt now i - :A?:EG‘NNI‘E BOME:
2 4 a moawdlv fan oo 4 3 470-4
g E # | Guartz CG (R ] 8702
3 ™ |re =] Feldupar } 5 '[ 5
Pyrite 2 1
Hemvy minerals i =
Orther clay minerals 80 70 8 =1
Nannatossib TR - .
Dintorms 5 5 7
Radiolarians FO A
Siicoflagetiates - T E
5 Chamosite - 5| 3
Spange spicules ] 5 ~
8 -
PHYSICAL PROPERTIES: -
110 8138 - Wi
v, 188 170
Vi, 173 176 . !
Denalry — 159 .
Water contant - 418 - -1 }
. 3
CARBOMATE BOMB: .
. g 2703 ¢ 4 i
4702 . |
= =1 -
s 870 ] 1
g g .
= g - .
X 2 ; '
= =
z o -
2| |red
8 |me gle e — voios
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— SITE 516 HOLE B  CORE 40 CORED INTERVAL  465.4-474.8m SITE 516 HOLE B CORE 41 CORED INTERVAL  474.9-4844 m
8 2 FOSSIL [ FOSSIL
" ; CHARACTER e g CHARACTER
REMAEE HE > g |E.eT= z| 2 3
A HE H AR s H LITHOLOGIC DESCAIFTION HEHE : £E | e LITHOLOGIC DESCRIPTION
EEEE g G| 5 | umowsy |3 , FE ? g | & | umoloey Ei -
w
N AHHHHE S B EH A HHEHEUE oY
-] 2|3 o |8 : i
ERHEHE 3 R HEE £1H
T
B = '
i
i SILICEOUS MUDSTONE I SILICEOUS MUDSTONE
Bic i y Biscuited and bioturbated thioughout Intensavaly bur
mun:e Urnughoui, Dokt Cojors darkt srweyat ok | . rowed with 10YR 7/2 cslearecus ssdiment. Color: dark
! : o ) groenish gray {5G 4/1), Microspherules ste chumasite
I oolites, focal debris, Micronodules ar black ard non
] | eryataline,
i SMEAR SLIDE SUMMARY 1
il 336% 376
| L | SMEAR SLIDE SUMMARY:
g |® | 1 Taxrure: | ! 171 340
= Sand = 3 _ ! M D
ca | ! Site - = Ele | “i Texture
Clay - L) — Sand L] TR
-1 | Comgositian: 8 2 REE ::p: : g
=sameret i T BY /1 burrow fil :‘:"“ = "; s I i -
7 Onher clay minerals 22 60 1 4 ¥ Oniartz - 5
JOm #Cm e | i Nannofossiis 50 - 7 f Other cloy minerats 40 22
= SRRt | SR G/ with Diatormy : t: - | |+ | ::x?gm ;Iv: 32
— N3 manties Radialarians 1 ]
7 ' Silkcetlagallates - 10 E C ey ) Radiclarian (1] 5
] e q=- —j 2
7] <= 4 | o |—  stight color changs  Spange spicaies i - 5 | i Sicoflageilatss 10 =
© a b d Micronoiules B - i» - HE Soons sl
H Sy Vol - t - ieranodules
g — 3] I | | ° 5G 4/1 with ke g B 3l 4. .8 spbarithes ®» a0
'-;-’ e | Hetprrem = I i Volcanic glass v
= " AL
i I * i Bl | PHYSICAL PROPERTIES:
s 592
= I PHYSICAL PROPERTIES: v VR
oy e & |1 vy 173
| :" 173 lﬁ ‘; ] Demiity 152
h ! i - Water contant a9
— 154 3
B I | \I:ﬂl‘:‘:nmml — 434 5 L
4 z] I 3 ! ) 4 CARBONATE BOME
i 270=2
B CARBONATE BOMB: - cg |em o=
L bkl |13, <<l co . I =
= . SBATZ | ek 2 !
5 R | 5502 3 | ORGANIC CARBON:
E s | 2 4,32-38 =043
s, ] = | g [
3 -l 3 |y
5 ] — | 5 . |
- | = |
B I =] ¥
et ) § B I
. e g W
: ; | 1L
BB I v & E | s
= [t
3 i
g -
i
E 7 3 |
& ]
= |
B |FP cc
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SITE 516 HOLE B CORE 42 CORED INTERVAL 484.4-493.8 m SITE 616 HOLE B  CORE 44 CORED INTERVAL 503.4-512.9m
3 FOSSIL g FOSSIL
CHARACTER g CHARACTER
= =
g w|B| 2 g Zl g = 2 |=.lglale z| w
e AR GRAPHIC = N EFTHEE 8| g GRAPHIC =
R E 5 E E | uHoloey 5 ga“ LITHOLOGIC DESCRIFTION H EE g ] E g E| £ | wumHolosy E . LITHOLOGIC DESCRIPTION
o I w = =
E|E |2 g a0l = Eeull 2 £7|E 5|3 4= 3
F |2 |2|8|& Lps o § E 3 HELE 23l £
=3 < =
AHEHEE e HHHHE 3
B |rp ccl 1 = o [T ]
SILICEOUS MUDSTONE ] BG &N SILICEOUS MUDSTONE
Color: 5G 41, 05 1 Biotwrbated and biscuited throughout,
B ]
.
SITE 515 HOLE B CORE 43 CORED INTERVAL 493.9-503.4 m 1 ] SMEARSLIUEMMA‘!I?\:. i
g FOSSIL 7 3
z CHARACTER e 5G 41 oM
§ g 3 g I — Texture:
M E 1 Sand - -
o = a| = .
SElEE|e| &2 Bl | (ST, H LITHOLOGIC DESCRIFTION T - m
L5 |EN 2 8|3 ] 2% E g i - Clay - =
A AHHHE = IH 1 Do s
H HEE E 3| = i =
1 Mica - TR
Je =% I 2| A Other clay minerals 78 2
Ao t SILICEQUS MUDSTONE a ggmfmn = %0
= ~ Biscuited and biotrhated throughout. Greenish gray e latoms -
B Ot & =T [ [5G 6/1) with N3 burmow fill. g o - co 2 Ractlalarians 5 3
1 i . l . laminatians. & M "gpwm::n:m 1: 5
e e e 2 icrapherules -
=] A | Mg size anslysis beca s aggregstes.
o o SR ' i 7 PHYSICAL moasanm;;w :
7 4 ] i} SMEAR SLIDE SUMMARY: ] 10 31m
- S L, 10 4920 & E
= g = v, — 170
1 e o o o 8 — v
.E b i % s = ] ! Tecture: 3 . ;:ullv ‘.3‘ {;
- Sand 1] 1 =
§ _-"......._-_.—‘] 1 an 0 - s 4] Water content - 429
a | BT, _ Clay » B ] CARBONATE BOMB:
2 - ’ Camganitian: 4 270=1
1 1 8%m amal ' [] Quartz 2 = i
1 - Feldepar 2 }“’ 9 470=0
4 n o
il 1% Fo=. I T Other clay minerals 62 67 - ] =g
7 Foraminitars ™ - L =)
. Diatoms. T B B -
3 Radiolarians 5 8 B
. —T Sponge spicules w5 4 =
Microtpherubes I -
8 i‘ Micronodules 1 2 CG |RP ':
5] = = Valcanic glass [T B
- Y N
] L] PHYSICAL PROPERTIES: % = .. |
1 6121 B 5 volos
. vy 1.69 § =
- i Vi 175 2 4
Danusity 157 -
- 7] Water content a8 5 5
E . ] CARBONATE BOMB: =
£ - 270-0 =
(=] 4 4 a1m=1 3
§ . 6703 4
- . \
sz lcG [rP =
I T 5= =0 H
2 - L} -
i cx SR v ¥ Zle
= ] =
H 1= e | 1] z 3
£ ]
B 1 sswrz— i e g
5 ey | z 2ef SR 8/1 nanno layer
e = s .
J 9 ] 1 8 |FP | =3 — s r— VoIDS
; . |
& 7 [
7 |
!
BlB f_,;‘ VOIDS

SISALIS



801

[ 512.9-522.4m SITE 515 HOLE B CORE 48 CORED INTERVAL 522.4-531.9m
SITE 515 HOLE B CORE 45 CORED INTERVAL -! ] FOSSIL
; Foﬁf{‘:‘% " g CHARACTER
CHARACTER - o &
& 3 F1E] HE MR ol = aRaPHIC | O LITHOLOGIC DESCRIPTION
& |ou|B| 2|2 3| 5 | onammic LITHOLOGIG DESCRIPTION TE|=5|E 82 G| E | wmowey LY
iz |e8] % g & 5l = LITHOLOGY W3S EN z < s g S+
P ER L 2l g 2 |5 |2 2|k E
SN HE Fle |= gl= E ol
R =N L8 L VLA
= |8 -
oo : I ER u
:l] 7 5851 SILICEOUS MUDSTONE (QUARTZ-RICH)
N 1 ! SILICEOUS MUDSTONE 05 | Bioturbated and biscuited thioughout, Calor: medium
05— | Burrowed and bisculted thraughour. Pale brown (10YA S i]e bluish gray (58 51, Yellow gray (5 B1) leminations,
| ! 7/2) tayer cut by burrow (Bection 1, 10 am). Bedding 1 3 1 E * ripup structures sbowe the laminations. Light olive gray
L I change within one biscuit. Burrcws (ilied with pale brown 2 (B 6/1) burrows. Medium dark gray (N4) layer with large
=3 mam 5G4/ (OYA 7/2) sstimant. Microsheared from Section 2, 120 8 1.0 el :mhlr from ity
m—_< [ i em~-Section 4, 140 em. Beautifully presarved 10YR 8/4 = . |
0 laminatians at Saction B, 110 em. E
. | ! B B ] i SMEAR SLIDE SUMMARY:
3 SMEAR SLIDE SUMMARY: 3 I3 130 1798 500
3 | 198 39T 6108 1] ; poMor
= o o D Tesxture:
St in [ ! Textura: : % Sanet I; = ;
] s Sand 8 T = B 2 ; | Silt
2| g "'|! b z ® W - o w w6
Clay 68 W0 " Ex I i Companition: %
i Compoaition; Otz 2 4 :
icraipherules Feldspar ="
“‘hnﬁlulr - - 80 - | v Mica ™ -~ 2
" Quartz w12 - 1 Other clay minesals 72 33 80
5 u Mica 2 - - | Foraminitars ™m - -
-4 Glauconite TR — = Narnotossily 180 -
a i i o Other clay minerals 60 80 7 | i Radiotasians 2 3 TR
= = Diatoms W = = Spange spicules b = TR
a m Radlalariam w2z 2 3 { Micranodubes 4 = 2
. L | Volcanic glass = 3 3 o h i ; 2 2
- Spange spicules 5§ TR - B t Voleanke glass 1 - -
] . i ules 2 2 8
M B 7 | : roned 0 soan PHYSICAL PROPERTIES:
g - 1l |— wrz PHYSICAL PROPEATIES: = 510
2 o burrow Al 388 ' v, 174
S P T m 123 i Vi 184
] | v 181 il Demity 181
4 & - ; LI 183 Water contant 2
P Wiater content 305 5 4 | CARBONATE BOMB:
J 3 ] :
[ AR T CARBONATE BOME: L | 2700
L = Bl | ! 270 =1 B B :; 4703
n PR 4700 AP 8 6700
B i 670-0 |
z ] |
7 23 1 {
| s 1
5 -
5 : I = e )
T 25 TSR e [
] B ] = | T
B | __ W
- . 1
g x| | | :%= =0 - I 0
:-._....._ A NI ] 1
B = -
0. & =
& -1 v 7 |
. -
" ] |
B |8 | |
o] "
8 ls M |
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SITE 616  HOLE B CORE 47  CORED INTERVAL 531.9-5414m SITE 516 HOLE B CORE 48 CORED INTERVAL 541.4-550.9 m
2 cumiL 2 FOSSIL
§ ; CHARACYER o ; CHARACTER
ZwlE| 2 Y B4 = R EMRE z| @ H
YE = ¢ g HE LIWOLDEY i CITHOLODICTERCAMTION SE :‘-’ﬁ & 2 - gl & | (s, H LITHOLOGIC DESCRIPTION
wsS z 3 ¥ Eal=s e .5l 5 CEEE
¥ HE g 8 = §°|E ; 2 ! g = 5 ]
F 16 |s g g = § § F g |z ql= E ;
L L L & |2 = |3 EE F
‘ Il
QUARTZ-RICH, TERRIGENOUS MUDSTONE * 5G4 OQUARTZ-RICH TERRIGENOUS MUDSTONE
i 4/1) mudstone with leminations snd | Calar: dark greenish gray (G 4/1). Burrowed with dark
burrows throughout. Sedimants show faulting Iprimary, gray (N3} snd various shades of greenish gray. Laminated
1 | wot dus to drilling). 1 band of phosphatic Tight yellowish gray [5Y B/1) mud-
storm altered from rannofosil oote. Biogenic silica in
B B troce guontities only; carbonate also rare sxcept in light
! calored Interval, Sedimentary structurss include paraliel
Y ftamirations and ripup clasti. Suggestion of small ripple
SMEAR SLIDE WMMT_;- i E marks in Section 1 (15 cml. Section 1, 70 em: lithologie
=G contset. Biscuited throughout,
Texture: =]
! Sang 2 2 SMEAR SLIDE SUMMARY:
2 Silt 12 13 131 1138 468
i Chy LI 2 P D M
Compasition Taxture:
B M == Quartz T B AP s 1 TR
' Feldspar } } Sily »® 0 50
=) Mica TR TR Clay % 0 60
— Hadvy minatsly 1 1 Companition:
Other cloy minerals 78 T8 Quartz
E Facal peliets 5 5 Falkdspar Yo fam s
1 Mieronodules 5 5 Mica TROTR -
- . Spangs spicules 1 1 Pyrita 3 3 1
3 - 3 Heavy minersly 1 2 TR
X PHYSICAL PROPEATIES: Othur clay minersis 50 @ 3
S . e E B Carbonate unspecified — - TH
- Yy L Mannatonils - = '8
Vi s = Distoms 1 - -
EFF Density 187 E ! | Valeanic glass = = 1
Water contant m2 Micronodules 1 = o
z | Apatita w0 W S0
| CARBONATE BOMB: - T ity T - TR
2702 z
4 | 4703 5] % : | " sYan PHYSICAL PROPERTIES:
I J% 8 w8 41 3 130 475
B RP (B !. - | vy 1.8 —
i I = 11 Vi 190 198
= FCi) ] Dersity 204 —
FM| P % - .| 1 | Witar content %4 -
! CARBONATE BOMB:
270=1
i 470=3
.
# |
'
BB
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SITE 515  HOLE B CORE 49  COREDINTERVAL  550.9-560.4 m SITE 618 HOLE B CORE 50 CORED INTERVAL 560,4-569.9 m
2 sSIL 7] =
« 5 SHAILNGTER « |E CHARACTER
8 |zule]3 H g |2 = 2| w
e |2 H 15 GRAPHI ] w H &
HEEEHEE ElE LiThoLoGY |, LITHOLOBIC GESCRIFTION A EHHE E g po| JeRamC, LITHOLOGIC DESCRIPTION
o HHF T M HEHHEEE ]
N WHHEHE FHH 215 [3]2]3]2 ]
8 |£ 8 i E E HEIH 3
T
! QUARTZ-RICH TERAIGENOUS MUDSTONE
= TERRIGENOUS MUDSTONE G B e e (B AT Bl i
o Mudstane dark greenish gray [5G 4/1), burrowsd and 0.5 ated with dark gray (N3l Twe thin light gresnish gray
1 leminated with dark gray (N3], Chert ond associated \ 1 (5G 8/1) Intervals a5 In Core 49, Blsculted throughaut,
i carhanite are nannofassit-rich, light colored layers ranging
B from fight greenish gray (6G 8/1) st bass 1w graenish 10
gy 15G B/} in upper portian. Baml contacts sharp SMEAR SLIDE SUMMARY:
sharp, .66 570
LI
Texture:
SMEAR SLIDE SUMMARY: Sand w0
2102 564 Silr 0 W
M D Clay 80 60
Texture: Comgasition:
B RP 2 Sand 8 10 2 Quartz -3 %
Sitt 15 20 ] I Fekdupar 5 B
Clay ] ™ . Mica TR TR
Compastion: 3 Pyrite 3 3
B Ouartz 7 = [ Haawy minaeals 2 3
Feldipar } L 8 = Otiver clay minerals 60 60
Micy - TR . ] Diatams TR =
Pyrite - 3 T | Focal pellets ; 5
Heavy minerat - 1 N Microngchules
Micranodules = 2 — ! Sponge spicubes TR TR
Fecal pellets - 0 .
3 Other ciay minerals  B5° 65 3 | PHYSICAL PROPERTIES:
Nannatassily 10 - | 370
x v, 177
B 3 includes sifica seen in acicified sample, ] | :.;mlw 1%
PHYSICAL PROPERTIES: . Water content 265
450 ]
vy 180 : CARBONATE BOME:
v 190 R | P
Density 193 N | .
4 Water content 8.2 4 = \ 5700
] |
8 ] CARBONATE BOMB: |
270=5 slap
470=8 |
8 |
5 5 ]
8 |ap ki |
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515 HOLE B CORE 51 CORED INTERVAL 569.9-579.4 m SITE 616 HOLE B CORE 52 CORED INTERVAL 579.4-6588.9 m
[ FOSSIL 2 FOSSIL
« |E CHARACTER : £ T AL
e
R EMAEE Zl e = ] =
== z 5l = GRAPHI «|EB| 3 £l 2 >
b EE g 2 HE e 2% LITHOLOGIC DESCRIPTION i = i é E| & A LITHOLOGIC DESCRIPTION
N AHHHH A B EH AHHHIREE TEF
N oo i z HH = H
=] “ =
3 |xielils di R HHEHE kg
| .
TERRIGENOUS 1o CALCAREOUS MUDSTONE e ls |
Diark greanish gray [5G #/1). Busrowed and leminated with | 5G 841
dark gray [NJ). Microfaulting, siity laminss, Nannobossily QUARTZ MUDSTONE
1 10-20% In Sections 3 and 4 — no color change. Ona thin . s rbeted and bisoohed, - Color:  dark i iy
charty carbonate layer in Section 2, similer 1o those in [ | 15G B, e
preceding cores. : _4 | BGAN
T van
SMEAR SLIDE SUMMARY: SMEAR SLIDE SUMMARY;
270 3103 440 i« 120
D D D D
Taxture: Taxture:
E Sandd ¥ 7 B Send 5
o > Sit ¥ W W SIC:-;- :
< Ciay M B o
: 3 Compesition Compositian: s
Quariz % & 2 Quarez 0
8 8 Fabipar 5 3 2 Fuldspar 2
o gl g ::mmu TR
TR
£ ™ ::‘:: minerals g g TR Other clay minerals 53
g . Other clay minersls 50 85 64 :_mmfoulh 'Ir?a
2 . . . T T Radiolarians ™"
F - Distorm TR TR TR
i ] Freal pallets B = =
= 3 . Micronodules 2 2 TR .
] - Sponge tpicules ™ = TR PHYSICAL PRUPEHTI?Q‘."
PHYSICAL PROPERTIES: :' u;
17 42 h
e v = o Density 189
i 150 189 Wates contant 265
” Desuity —
‘Wister eontent — 26
lca Bl8
4 CARBONATE BOMB:
z 270=1
o 470=11
&
&
aM B 6

111
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— SITE 615 HoLe B CORE_ 53 CORED INTERVAL 588.9-598.4 m SITE 515 HOLE B CORE_ 54 CORED INTERVAL 598.4-607.9 m
— = -
2 FOSSIL ] FOSSIL
r < |Z CHARACTER « |E CHARACTER
- EMFIE Tl 8 =, [e]= z| w
= 3 -3 =
brs 93 i ; Bl bl LITHOLOGIC DESCRIFTION e |22 § 2l & GRAPHIC LITHOLOGIC DESCAIFTION
& EN = = ol & LITHOLOGY 2 (a = = o E LITHOLDGY
w3 2N 2 3 s = w3 |ZN|Z = g AR I ]
= |k B = |- |3 ] = =z
S ] HEER 18 HEIE = 3
H HEE ENHHHEE Eapis &
T
QUARTZ-RICH MUDSTONE S e !
Biscuited thioughout sxcept for laminatsd 25 em of 3 T2
Section 1. Dark greenish gray (SGY 4/1) with burrows o5 === ||} . ) ummz‘mcﬁu m:s-ruc:_lsn ik
B generslly gray (N3). Cyclicity throughout Seetions 2 and 6. N Fa I Bisculted theoughaut. Gray (IN3) burrow-fill in 1;“.-;;:
L Aleration of beown [BGY 4/1) intervals with grayer (3G B B 1 s SN ) ish gray matrix. Dark bur::m in Fight gray |
A1) — brown intarvah sne strongly burrowed. a3 o — i ] matrix. Microshesred by drilfing,
é [ 10— | 1
i in Bection: g 7 i SMEAR SLIDE SUMMARY:
Section 3 ~ Thin Section: £z . I . b
2 z = e o D O
218 2 3 il Tounure:
| DIy Sand - =
= > sin 20 165 2
8 AP lamlRe| & ccl volins iy i et
2 Composition
Cuarte 20 - 15
Giguconite - - 1
Othar clay minersls 70 n m
SMEAR SLIDE SUMMARY: i oo Tt e \
170 37 5495 635 fomils 2 80 2
£ 2 &P Distorns W o= =
Toxture: Radol m oo =
Sand ool Opsque minerats 5 - ]
B 5G4/ site E - T etondied o
g Clay B0 0 W 70 oosod
E_ . svEn e PHYSICAL PROPERTIES:
iy Quiartz 15 4 2 0 B
=] — Faldspar - 2 2 5 v, e
§_ Heavy minarals - - A3 - \!h 1.95
= sean Slegesohe L e Density 184
= Other clay minersls 78 40 — 65 Nk Lt PLys
‘Carbonate unspecifies - 2 - -
Mannofosily - &0 - 3
Diatorma - ™ - -
L Radiolarians =i G TR =
4 Migrospharules
(apatital - = B0 -
AP | B Micronodules 1 - 2 5
Volcanic glass 5 - - -
PHYSICAL PROPEATIES:
- 8130
Vy — 118
Vi 202 189
Density — 188
Water eontant — 186
5
CARBONATE BOME:
aT0=2
BT0=2
m ]
2 =
B 6 -
M| B cC -
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SITE 616 HOLE 8 CORE 55  CORED INTERVAL 607.9-6174 m SITE 515 HOLE B CORE 56 CORED INTERVAL 617.4-626.8m
2 FOSSIL g FOSSIL
g ; CHARACTER « |& CHARACTER
M ERE 5| & M EMAE zle >
xe ?5 HE ; 218 SRAPHIC LITHOLOGIC DESCRIPTION £k .9_5 v 5 2 I GRAPHIC % LITHOLOGIC DESCRIPTION
12 |EBle & 5| & | vmHoloay 12 =8|z L of| & | uTHOLOGY |,
S HHHHBEE ¢ S ERHEE R ¢
F |z g 5k E = E H g% EEl
2 |8|2[3]|3 3 g |€ g|& E 3
1 === * st i T
—TS‘____-‘_ = voios QUARTZ-RICH MUDSTONE = [ BIOTURBATED extensive ZEOLITIC MUDSTONE i
054 = 2 -l='-_ = Section 1, 50 cm; intraformational conglomerate/mottles 0_5—1__,.._,_._..., creming calcarsous component downcore, No deforms
g - wre light gray (10YR 7/1), Voids are markers for drilling 1 B tian, Roe colorsd (SYR 5/4) bed with bioturbation st
1 ] deformed layers perhaps  mécro-conglomeraies.  Color: 1 B W rase of Seczion 3,
B B = B0 4/1 contrast with surrounding dark greenith gray. -1
1.0 sGY 4 Brown (10YR 5/3) becormes more prominent towords L f BYR7/2
- basm of the core. Brownish gray (5Y 4/1) with 58 811 o I TEARMDSSRNRLE § SMEAR SLIDE SUMMARY
-4 wediment within a1 aress: Section 4, 135 am, Section 6, . L1 — VvoiD 470
. 135 em, and Section 6, 20 and 90 cm, Section B sand and . | it o o
e - r heavy mineral intercalations, microconglomenste = ‘ 2 Texture:
N - e 0 . (4 Sand 2
. | 9 [ e PHYSICAL PROPERTIES: P FPVeR— Sit =
RG o 3 = | 56441 cc 418 | 'll . ow ®
— = Compasition:
fF™ ] | Yo sovnanwio vy . e Z| = Ly Qe
1= = 'rY | ek burmows Vi - mle - Feidipar }5
E = Density — 194 a| | it Pyrite 1
] I B Water content — M7 = e i Heavy minraly 1
- BGY 4/1 - Zaalites
= ' c:;ig?n‘rs BOMB: B d VALY Othar clay minerals 62
- ] : ] = L. B Mannofosils 5
F=e— | 408 I~ ron-caide ™
.. = — voios G0 =2 B i i } = Volcanic glas 1
8 (= ERES ORGANIC CARBON it 3| 3 H
=] J__. 12 - 5.118-126 = 0,02 PHYSICAL PROPERTIES:
& o ' 281 290 3177 4128 5105 6131
= [RM -] 1 BYREM v, —_ 182 — — = —
&z
g Vi 181 — 188 189 196 134
;éﬂ' o - s Daity =8 R
~ = - 10YA B/3 Winer content —— N
g2  —=g - o | ™~ cp H
o | } Otffset tan layer =) DRGANIC CARBON:
g 3 i b w Fel - 4,120-126 = 0.02
8 i s £ = ! B.70-78 = 0.05
7] 8 |- e/ 4 - .
3= E [P .
- i il @AM =
- | $ N3 laminations FP
2 10¥R 371
i R P
i | _— J) 10¥R 513
= s 10YR 576
1= — /¢ 5YA 42
£ s 10YR 4/1 aiernating
| with 10YRA 6/3
B
. T2
) T ot | 10YA 63
g SRR ) £ L,
i i = voID
= e
q% > | o 2 = fam 10YR 474
o E 10YR 31
l =l =
- At 10YR 474
- T2 . |
B 6 ] 10YR 301
1 10YR 4/
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SITE 515 HOLE B CORE 57 CORED INTERVAL 626.9-836.4 m
2 FOSSIL
« IE CHARACTER
R EMAE z|le
e z S|k GRAPHIC
EEHE 8|z £| ¥ | umouoay LITHOLOGIC DESCRIPTION
w3 HEE g g9
3 < =
E
HHHE
= ——
3 ':q | BY8N
= = 10YRS/M4 BIOTURBATED, QUARTZ RICH,
0.5 | sven ZEOLITIC MUDSTONE
- -4 Flattanad burrows difficult to distinguish from leminations.
1 = — VOYR 54 Section 4, 102 om: dark layer containg lom of hiotite
H e B 1 {washed sample}.
10, =
3 = Section 3
el i e e - ny
= Y 81 Miem
st Y - EYR3M
I o = I 5Y B/
- = 0 |
= 7 —— I~ 0YREM
2| - 5GY 6/1
lam ———— L
__IEI 10YR 6/4
B o o 148 em—|
] 7 4 I
R
] = i}
= | = =
£ - e !:1 SMEAR SLIDE SUMMARY:
ol ref - 4 I 214 28 561
g| gl |r 3l =t BY &1 o o D
g n 0 H{ Tonture:
i = Sand TH 3 1
] R = | sil 0 W 45
) ] = M Clay 0 60 54
- ol = [— 10YRS/A4 Campasition:
] — Quartz e b i
3 - i!l Fubdspar } 3
u p=a Mica ™H - -
4 5Y 6/ Pyrits VT
] ) ) Heavy minerals 1T TR
41 3 ==f hi Mottied with Zeolites @ 5
B o ] s L sean Othwr clsy minerals 48 60 54
= . = = Carbonate umpecified TR 2 —
- = t. sean Foraminlfers - R -
FP = o &8s Nanaafossits ER-
(ry - | Focal pallets - 6 -
b g = = | Volcanie glass (RS 1 B
§ o S — b " Iron-cuide 1 |
R =
FP B - R PHYSICAL PROPERTIES:
1 w—— Y 1116 396 6126
e v, 1% — —
= T M svan vy 206 214 206
= 72 T — Deeiny 0 — —
z ] o [[ 56 61 Water content 05 — —
&
= Fo LN
6 i
o }
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SITE 515 (HOLE 515)
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SITE 515 (HOLE 515A)
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SITE 515 (HOLE 515A)
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SITE 515 (HOLE 515A)

7,CC

-—160
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SITE 515 (HOLE 515A)

10,cC 111 11-2 11-3 11,CC - 123 12CC 131 13-2

—150
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SITE 515 (HOLE 515A)
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SITE 515 (HOLE 515A)
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SITE 515 (HOLE 515A)

-2 21.CC
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SITE 515 (HOLE 515A)

24.CC

e 259 252 2 261 262 26CC 271 272
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SITE 515 (HOLE 515B)

1-1

|-—-0em

1-2




SITE 515 (HOLE 515B)

4.7 4,cC 5-1
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SITE 515 (HOLE 515B)
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SITE 515 (HOLE 515B)

8,CC
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SITE 515 (HOLE 515B)
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SITE 515 (HOLE 515B)

117 11,CC 121 12-2 12-3 12,CC

131 13-2 13-3 13-4 13-5
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SITE 515 (HOLE 515B)

15-1

13-6 13-7

14-7

14,CC

—0 cm

—160
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SITE 515 (HOLE 515B)
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16,CC
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SITE 515 (HOLE 515B)

172 173 181 182 18CC 191 192 19,CC  20-1
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SITE 515 (HOLE 515B)
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SITE 515 (HOLE 515B)

217 221 222 - 2341




SITE 515 (HOLE 515B)

135



SITE 515 (HOLE 515B)
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—0 cm
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SITE 515 (HOLE 515B)

28-3 28-4
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SITE 515 (HOLE 515B)

28-7 28,CC 291 292 29-3 294 29-5 29-6 297 29ccC

286
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SITE 515 (HOLE 515B)

30-7 31-1 31-2 31-3 31-4
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SITE 515 (HOLE 515B)
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32-5
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SITE 515 (HOLE 515B)

33-7 33,CC 341 343
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SITE 515 (HOLE 515B)




SITE 515 (HOLE 515B)




SITE 515 (HOLE 515B)

37,CcC

38-1 38-2




SITE 515 (HOLE 515B)

39-7 39,CC 40-1 40-2 40-3 404
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SITE 515 (HOLE 515B)




—0 cm
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43,CC 441

SITE 515 (HOLE 515B)
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SITE 515 (HOLE 515B)
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SITE 515 (HOLE 515B)
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SITE 515 (HOLE 515B)

—0 cm 42
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SITE 515 (HOLE 515B)

531 53-2




SITE 515 (HOLE 515B)




SITE 515 (HOLE 515B)
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SITE 515 (HOLE 515B)
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