9. SITE 631: EXUMA SOUND!

Shipboard Scientific Party?

HOLE 631A

Date occupied: 23 February 1985, 1115 EST

Date departed: 24 February 1985, 2115 EST

Time on hole: 1 day, 10 hr

Position: 23°35.2'N, 75°44.56'W

Water depth (sea level; corrected m, echo-sounding): 1081
Water depth (rig floor; corrected m, echo-sounding): 1091
Bottom felt (m, drill pipe): 1102

Total depth (m): 1346.3

Penetration (m): 244.3

Number of cores: 25

Total length of cored section (m): 244.3

Total core recovered (m): 159

Core recovery (%): 65.1

Oldest sediment cored:
Depth sub-bottom (m): 244.3
Nature: chalk and ooze with bank-derived aragonite
Age: Oligocene-Miocene
Measured velocity (km/s): approximately 1.9 from physical-prop-
erty measurements, 1.9 from nearby sonobuoy
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Principal results: Site 631 in Exuma Sound was occupied on 23 and 24
February 1985. One hole was drilled at 23°35.20'N, 75°44.56'W, in
a water depth of 1081 m. A total of 244 m of sediment was penetrat-
ed with hydraulic-piston-core/extended-core-barrel (HPC/XCB) tech-
niques; recovery was 65%.

Site 631, representing the upper end of the slope transect in Ex-
uma Sound, is located on a 1600-m-high, 10°-12° slope (as com-
pared with a 900-m height and a 2°-3° declivity at Site 630). The fol-
lowing sequence was penetrated: (1) 0-24 m sub-bottom; periplat-
form carbonate ooze, alternations of greenish, organic-rich and white,
lean intervals, strong odor of hydrogen sulfide, Quaternary; and (2)
24-244 m sub-bottom; chalk with some ooze, rich in bank-derived
aragonite, pyrite, and odor of hydrogen sulfide, Oligocene-Miocene
to early Pliocene.

Even though bypassing by sandy turbidity currents was almost
complete and no turbidites were observed in the section, sedimenta-
tion rates were high (30-75 m/m.y.). Rapid burial of organic matter
led to sulfate reduction in the subsurface and to abundant produc-
tion of hydrogen sulfide throughout the sequence.

Diagenesis of periplatform ooze was very rapid. Four-million-
year-old sediment having 100 m of overburden is nearly completely
lithified to chalk, and some primary aragonite remains to drive the
cementation process even further.

BACKGROUND AND OBJECTIVES

Background

Shallow Stratigraphy: Development of a Bypass Carbonate
Slope

As described in detail in the Site 627 chapter, previously col-
lected geological and geophysical data from carbonate slopes
suggest that these slopes steepen with time, are characterized by
facies belts that generally parallel bathymetric contours, and
respond differently from their siliciclastic counterparts to rela-
tive changes in eustatic sea level (Mullins and Neumann, 1979;
Schlager and Ginsburg, 1981; Van Buren and Mullins, 1983;
Mullins et al., 1984; Droxler et al., 1984).

Sampling of the northern slope of Little Bahama Bank (Sites
627, 628, and 629/630) was designed to document the evolution
of a gentle, rapidly prograding slope, generally characterized by
a 2°-3° declivity and less than 800-900 m of height. In particu-
lar, this first slope transect of ODP Leg 101 compared the upper
gullied slope (Site 630) with both the upper rise at toe-of-slope
(Site 628) and the lower rise far from nonpelagic input except
for scattered distal turbidites associated with periods of bank
progradation (Fig. 2, Site 627 chapter).

The second Leg 101 slope transect in Exuma Sound was in-
tended to contrast development of a carbonate slope character-
ized by a 10°-12° declivity and 1600 m of height where bypass-
ing was expected to be far more advanced than at the northern
slope of Little Bahama Bank. In addition, Exuma Sound drill-
ing would allow a direct comparison of the effects of a protect-
ed vs. open-ocean (Little Bahama Bank) depositional setting on
the response of these slopes to presumably synchronous sea-lev-
el events. Specifically, BAH-11-A (Site 631), like Site 630, was
designed to sample the upper, gullied portion of the slope,
where bypassing of bank material should be most complete.
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Previous submersible observations, along with piston coring
and high-resolution seismic surveys, of a similar slope in the
Tongue of the Ocean had indicated the presence of many small,
erosional channels separated by irregular interfluves composed
of periplatform ooze (Schlager et al., 1976; Mullins and Neu-
mann, 1979), but the dynamics of downslope sediment transport
were still poorly understood without three-dimensional facies
control. Drilling would supply this information on the third di-
mension.

BAH-11-B (Site 633), in tandem with Site 628, would exam-
ine the toe-of-slope environment and sample the sediments that
had bypassed the upper, steep slope in sediment gravity flows.

Finally, BAH-11-C (Site 632) would document the record of
rapidly deposited ooze-turbidite sequences within an enclosed
basin, in contrast to the open-ocean rise environment prevailing
at Site 627. The ultimate goal of all three Exuma Sound sites
was to define a sediment budget for a Bahamian deep embay-
ment and to relate it to its various forcing functions through
time: sea level, climatic fluctuations, carbonate-bank productiv-
ity, and regional tectonism.

Deep Stratigraphy: Platform Drowning and Regional Seismic
Correlations

The second major goal of drilling in Exuma Sound was to
continue to calibrate local seismic stratigraphic frameworks de-
veloped for various parts of the Bahamas in order to develop vi-
able regional correlations (Sheridan et al., 1981; Van Buren and
Mullins, 1983; Schlager et al., 1984). Site 632 (BAH-11C) was
selected for this purpose and was designed to provide an under-
standing of the evolution of the present bank-trough configura-
tion of the carbonate platform in order to differentiate between
“megaplatform™ and “graben” hypotheses (see “Background
and Objectives,” Site 626 chapter). As was the case at Site 627,
a velocity discontinuity (from 4.1 to 6.7 km/s) had been identi-
fied beneath parts of Exuma Sound. At BAH-11-C, this acous-
tic unconformity/velocity boundary occurred at a two-way trav-
eltime of approximately 3.6 s, translating to a sub-bottom depth
of about 1300 m (see “Seismic Stratigraphy™ section, Site 632
chapter). Unfortunately, these deep objectives could not be ad-
dressed, as drilling had to be abandoned at 240 m for safety rea-
sons.

In order both to characterize the thickness and structure of
the Exuma Sound sedimentary section in greater detail and to
supplement the available seismic data in the region for evalua-
tions of drilling safety, UTIG conducted a 325-n. mi geophysical
site survey of southeastern Exuma Sound in April 1984 (Fig. 1).
Spacing of 24-trace, 12-fold water-gun seismic-reflection pro-
files averaged 2 n. mi on the slopes, and northeast-southwest-
trending dip lines at similar spacing were collected from one
side of the basin to the other. All sites in Exuma Sound (Fig. 1)
were chosen on the basis of isopach and structure maps devel-
oped from these profiles (and sonobuoys).

Objectives

In summary, the Exuma Sound transect was intended to ad-
dress the following questions:

1. What are the variations in development of a steep bypass
slope and adjacent basin fill, particularly with respect to relative
input from pelagic vs. shallow-water, bank-derived sediment
sources (i.e., gravity flows and turbidites)? What do the resul-
tant facies patterns look like both horizontally and vertically?
(For example, does the geologic record of such a gullied slope
resemble a series of channel fills analogous to those left behind
by accreting tidal flats, or is it simply a section of periplatform
ooze?) Finally, how does the sediment record compare and con-
trast with Sites 627, 628, and 630 north of Little Bahama Bank?
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2. How does Exuma Sound respond to paleoceanographic
events? Does it react differently, either in timing or degree, from
Little Bahama Bank by being effectively restricted from the open
ocean?

3. How does shallow-burial diagenesis affect sediments on a
bypass slope? Is periplatform ooze deposited on interfluves sub-
jected to subsurface conditions very different from coarser
grained off-bank detritus incorporated in rapidly deposited gravi-
ty flows and turbidites of the basin fill?

4. Does the velocity discontinuity associated with the down-
ward transition from faulted, acoustically laminated sequences
with velocities of 3.45-3.55 km/s to a hummocky facies with ve-
locities over 6 km/s at about 1300 m sub-bottom mark the top
of a drowned carbonate platform (see also “Seismic Stratigra-
phy” section, Site 632 chapter)? Why is this acoustic transition
from presumed basin fill to platform facies so different beneath
Exuma Sound and north of Little Bahama Bank, even though
the magnitude of the velocity discontinuity in both cases is ap-
proximately the same?

OPERATIONS SUMMARY

Introduction

Site 631 (BAH-11-A) was the first of three Leg 101 sites de-
signed to examine the evolution of Exuma Sound, a major deep
embayment of the Bahama carbonate platform (see “Background
and Objectives” section, this chapter). The primary goal of stud-
ies at Site 631 was to trace the stratigraphic development of the
upper, gullied part of a bypass carbonate slope to compare and
contrast it with Sites 629 and 630, the equivalent positions on
the accretionary slope north of Little Bahama Bank.

Transit: Sites 630 to 631

The JOIDES Resolution left the northern slope of Little Ba-
hama Bank for Exuma Sound at 2300 hr, 21 February. For most
of the approximately 30-hr transit, ship speed was maintained at
approximately 10 kt. A single-channel analog/digital seismic pro-
file was collected during this transit on the Atlantic side of the
Bahama Platform. A single 80-in.? water gun was used as the
sound source, and 12- and 3.5-kHz records were also collected
(see “Underway Geophysics” chapter, this volume).

The ship rounded the southeastern end of Cat Island and en-
tered Exuma Sound at approximately 0230 hr, 23 February. At
that point, speed was reduced to 4 kt, and the 400-in.? water gun
was deployed, enroute to BAH-11-A, to collect a deep-penetra-
tion, high-resolution single-channel profile, which would com-
plement the regional geophysical profiles already available (Fig.
1). Following gun deployment, speed was gradually increased to
8 kt, and data collection began at 0300 hr. Unfortunately, the
Norwegian float used for stabilizing the gun broke free at 0440
hr, necessitating a sound source change to two 80-in.? water
guns. Both were in the water and firing by 0530 hr. No further
equipment problems were encountered; an analog display of the
line is shown (see “Underway Geophysics” chapter, this volume).

Site 631

The designated BAH-11-A position at the intersection of site-
survey profiles ES-07 and ES-13 (Fig. 1) was reached at 0741 hr,
and the ship started a slow 90° turn to port to retrieve the seis-
mic gear while running at 4 kt parallel to the shore of Great Ex-
uma Island only 3.5 n. mi away (Fig. 1). All gear was secured on
deck by 0810 hr, and the JOIDES Resolution turned back in the
direction of BAH-11-A. After initial examination of 3.5-kHz
profiles, which showed rough topography but 10-15 m of sub-
bottom penetration, the taut wire and a 14.5-kHz beacon were
lowered at 1000 hr. Subsequent radar bearings from the adja-
cent island and continuous monitoring of water depth suggested
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Figure 1. Geophysical data coverage in southeastern Exuma Sound. Lines marked ES are UTIG site-survey lines,
whereas lines marked C are LDGO MCS profiles. Lines 3 and 4 were collected by JOIDES Resolution.

that the ship was too far downslope, and the taut wire was re-
trieved. Additional maneuvering approximately 0.25-0.5 n. mi
to the southeast took about 40 min, and the taut wire and bea-
con were redeployed at 1115 hr. This final Site 631 position was
23°35.2'N, 75°44.56'W (average of good SATNAV fixes dur-
ing the operations period at this location; LORAN C in Exuma
Sound was not reliable). Water depth was 1071 m (uncorr.), and
1081 m (corr.), compared to an estimated 1050 m at the original-
ly designated BAH-11-A position. Assuming an average 10°-
12° slope observed on bathymetric maps of Exuma Sound, the
differential in water depths suggests that Site 631 was approxi-
mately 150-175 m downslope of BAH-11-A.

During final siting, the drill pipe was run in the hole (RIH)
to a depth below the rig floor of 1073 m. A successful mud-line
hydraulic-piston core (HPC) was recovered at 1430 hr, 23 Febru-
ary, from a depth of 1102 m below the rig floor, suggesting a 10-
m discrepancy between the corrected 12-kHz reading and the ac-
tual water depth, probably an error produced by the locally
steep slope. Over the next 6 hr, 10 HPC cores were recovered to
96.6 m sub-bottom, recovery being 98.2%. A switch to the ex-
tended core barrel (XCB) was made for Core 631-13X, and over
the next 21.5 hr, 15 XCB cores were collected to 244.3 m sub-
bottom. Recovery with the XCB was 43.4%. The last core came
on deck at 1800 hr, 24 February. All pipe was pulled out of the
hole (POOH) at Hole 631A by 2115 hr, and a magnaflux inspec-
tion of the drill collars and subs lasted until approximately 0115

hr, 25 February. The taut wire and beacon were secured at 0210

hr, and by 0230 hr, the JOIDES Resolution was under way in dy-

namic-positioning mode with thrusters extended at 4 kt to Site

632 (BAH-11-C), approximately 23 n. mi away, 25 February.
The coring summary for Site 631 appears in Table 1.

SEDIMENTOLOGY

Introduction

A single hole was drilled at Site 631, penetrating to 244.3 m
sub-bottom and recovering 159 m of core (65.1%). The sedi-
ments recovered at Site 631 consist primarily of chalks and ooz-
es exhibiting varying levels of induration. Above 24.1 m sub-
bottom (Core 631A-3H), nannofossils either are the most abun-
dant component or are subequal with micrite, which includes
bank-derived aragonite needles. Below this depth, micrite is dom-
inant. Foraminifers are not abundant, never composing more
than 20% of the sediment.

No prominent lithologic changes exist in the sediment recov-
ered; therefore, the sediment is considered to belong to a single
lithologic unit. This unit is divided into two subunits to accom-
modate slight variations in lithology.

Subunit IA consists of nannofossil-rich periplatform ooze
with some chalk. Subunit IB contains couplets of periplatform
ooze and chalk.
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Table 1. Coring summary, Site 631.

Date Sub-bottom  Length Length
Core Core  (Feb. depths cored  recovered Percentage
no. type® 1985) Time (m) (m) (m) recovered
Hole 631A
1 H 23 1430 0-9.7 9.7 9.71 100
2 H 23 1530 9.7-19.6 9.9 10.00 101
3 H 23 1600 19.6-29.5 9.9 9.59 96
4 H 23 1630 29.5-39.1 9.6 8.92 922
5 H 23 1700 39.1-48.7 9.6 9.56 99
6 H 23 1730 48.7-58.2 9.5 9.84 103
7 H 23 1800 58.2-68.0 9.8 9.60 99
8 H 23 1915 68.0-77.5 9.5 9.65 101
9 H 23 1945 77.5-87.2 9.7 9.92 103
10 H 23 2030 87.2-96.6 9.4 9.68 102
11 X 23 2200 96.6-109.7 13.1 8.95 68
12 X 23 2300 109.7-119.2 9.5 9.89 104
13 X 23 2356  119.2-128.8 9.6 9.28 96
14 X 24 0130  128.8-138.4 9.6 9.56 9
15 X 24 0250  138.4-147.9 9.5 3.59 37
16 X 24 0420  147.9-157.5 9.6 i 38
17 X 24 0525 157.5-167.2 9.7 3.80 39
18 X 24 0715 167.2-176.9 9.7 0.82 8
19 X 24 0845  176.9-186.5 9.6 9.82 102
20 X 24 1000  186.5-196.1 9.6 0.48 4
21 X 24 1212 196.1-205.6 9.5 0.21 2
22 X 24 1330  205.6-215.3 9.7 1.43 14
23 X 24 1510  215.3-224.9 9.6 0.17 1
24 X 24 1630  224.9-234.5 9.6 0.87 9
25 X 24 1800  234.5-2443 9.8 1.50 15

2 H = hydraulic piston; X = extended core barrel.

Subunit TA (0-24.1 m sub-bottom; Core 631A-1H to
base of Core 631A-3H-3)

Subunit IA consists of periplatform ooze of varying stiffness
and some chalk. Nannofossils are the major contributor to the
sediment (30%-60%); micrite is subordinate (Fig. 2). Bank-de-
rived aragonite needles are included with micrite in the smear
slide estimates. Aragonite needles are estimated to form be-
tween 5% and 20% of the total sediment, according to examina-
tion of smear slides. The ooze is predominantly white (10YR 8/
1), and some is light gray (2.5Y 7/2). The interval 631A-1H-5,
0-150 cm, is light brownish gray (10YR 6/2). Color variations
are prominent in Core 631A-1H and, to a lesser extent, in Cores
631A-2H and 631A-3H, which have dark burrow fills (2.5Y 4/4,
olive brown, and 2.5Y 6/2, light brownish gray), pyrite streaks,
and black and gray streaks and bands (7.5YR 7/0, light gray,
and 10YR 6/1 and 10YR 6/2, light brownish gray). Horizontal
bands are probably caused by organic material or clay. Figure 3
shows a pyrite halo around a burrow in Sample 631A-1H-3, 19
cm. A seed with a shoot (Fig. 4) was found at 2.6 m sub-bottom
(Sample 631A-1H-2, 110 cm). Cores 631A-2H and 631A-3H
each contain a single thin (less than 10-cm) layer of unlithified
packstone, and Core 631A-2H contains a single 2-cm-thick layer
of unlithified mudstone.

No well-preserved burrows are visible between 9.7 and 15.7
m sub-bottom (Core 631A-2H). Partial lithification of the sedi-
ment begins at 10.5 m sub-bottom (Sample 631A-2H-1, 80 cm),
although unlithified sediment predominates to 19.6 m sub-bot-
tom (Core 631A-3H). Below this depth, friable chalk forms the
bulk of the sediment, and unlithified ooze is typically subordi-
nate. A disturbed region between 11.3 and 11.5 m sub-bottom
(Sample 631A-2H-2, 7-34 cm) may represent a slump or, alter-
natively, may be the result of drilling disturbance.

This subunit is dated as Pleistocene, and its base may corre-
spond to a possible Pliocene/Pleistocene unconformity (“Bio-
stratigraphy” section, this chapter).
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Subunit IB (24.1-244.3 m sub-bottom; base of Core
631A-3H to Core 631A-25X)

This subunit makes up the bulk of the recovered sediment. It
consists predominantly of alternating couplets of periplatform
ooze and chalk, usually on a scale from 5 to 10 cm. Chalk layers
are fractured by drilling, the thinnest layers being most highly
disrupted. Some thicker layers of chalk and ooze exist. The pri-
mary constituent of the sediment is micrite (25%-60%), again
including aragonite needles, and subordinate amounts of nan-
nofossils, clasts, and skeletal fragments (Fig. 2). Aragonite
needles compose 5%-15% of the total sediment, according to
smear slide analysis. The amount of aragonite does not appear
to differ from that in Subunit IA. Planktonic foraminifers are a
minor constituent. Color changes are subtle shades of white,
predominantly 10YR 8/1, 2.5Y 8/1, and 2.5Y 8/2 above 149.5
m sub-bottom (Core 631-15X) and predominantly 2.5Y 8/2 be-
low this depth. Light gray material (2.5Y 7/2) occurs in some
intervals.

These sediments are exceptional in that a strong odor of hy-
drogen sulfide is associated with the sediment throughout the
cored interval (“Organic Geochemistry” section, this chapter).
Pyrite occurs as streaks, specks, and also as scattered lamina-
tions to 87.2 m sub-bottom (bottom of Core 631A-9H), below
which it was not observed. Glauconite surrounds a lithified bur-
row at 43.5 m sub-bottom (Sample 631A-5H-3, 145-150 cm).
Glauconite was also observed at 149.5 m sub-bottom (Section
631A-16X-2) as a burrow filling and was distributed in the sedi-
ment in Core 631A-17X.

Lithification increases with depth. At 96 m sub-bottom, lith-
ification necessitated a change to XCB coring and at 138.4 m
sub-bottom (Core 631A-15X) was sufficient to cause reduced re-
covery and to require a saw for splitting the cores. Visible bur-
rows are generally rare, being most prominent where a smooth
surface could be obtained in ooze-rich zones with thin chalk
layers. Beginning with Core 631A-15X, at 138.4 m sub-bottom,



Core

Planktonic
foraminifers

Sub- 0

unit

(%)
50
1

|

(%)
100 0 50
|

Micrite and
Nannofossils aragonite needles

(%)

100 0 50

100 0
_

SITE 631

Skeletal
fragments
(%) (%)
50 100 O 50 100
| | | |

Clasts

1H

2H

3H

[LLLK

TTT

4H

5H

50—

6H

7H

8H

9H

10H

100 —

11X

12X

13X

Sub-bottom depth (m)

14X

16X

150 —

16X

17X

18X

19X

20X

200 —

21X

22X

23X

24X

250

25X

B A REE AR e

Tl

T T T[TTTTTT ||l|ll|l||||'llHIl||| |'[|| ||| ”l

[TTTTTTT T T T e

ERE N RN RERERE B ||| [

AR ERERREL
T TTT 1T T[T T

lll

Figure 2. Proportions of major constituents of sediment at Site 631, based on smear slides.
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Figure 3. Pyrite halo surrounding burrow, Sample 631A-1H-3, 19 cm.

chalk pieces as long as 10 cm also clearly display burrows and
some miliolid foraminifers on the smooth, cut surface. One
chalk piece at 150.7 m sub-bottom (Sample 631A-16X-2, 129-
138 cm) contains a scoured surface with a truncated burrow,
which may represent a gully floor (Fig. 5).

The age of Subunit IB is late Miocene to early Pliocene (“Bio-
stratigraphy” section, this chapter). Poor preservation of micro-
fossils has hindered the determination of accurate ages aboard
ship.

Summary

The sediments recovered at Site 631 are considered to repre-
sent a single lithologic unit, which has been divided into two
subunits:

Subunit IA (0-24.1 m sub-bottom; Core 631A-1H to the base of
Core 631A-3H-3); periplatform ooze with some chalk, relatively
rich in nannofossils.

Subunit IB (24.1-244.3 m sub-bottom; base of Core 631A-3H-3 to
Core 631A-25X); periplatform ooze and chalk couplets.

Discussion

The sediments recovered at Site 631 do not exhibit any major
lithologic changes apart from increasing induration with depth.
There is no evidence of gravity-flow deposits. However, the
scoured surface at 150.7 m sub-bottom (Sample 631A-16X-2,
129-138 cm) may indicate erosion by turbidity currents. A ques-
tionable slump was observed at 11.3 m sub-bottom (Core 631A-
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Figure 4. Seed with shoot in dark, possibly clay-rich, layer, Sample
631A-1H-2, 108 cm.

—140

Figure 5. Scoured surface in chalk piece, showing truncated burrow in
Sample 631A-16X-2, 134-136 cm.



2H). Coarse-grained channel lag deposits are absent, and mi-
crite is the predominant constituent of the sediment. Visible
aragonite needles form approximately 5%-20% of the total sed-
iment and apparently do not decrease down the hole. This cor-
responds to x-ray-diffraction (XRD) results, which indicate that
the sediments are 60%-70% aragonite throughout the cored in-
terval between 90 and 190 m sub-bottom, and values (still +
50%) fluctuate above this depth (“Inorganic Geochemistry”
section, this chapter). Although deposition was probably of sus-
pended material displaced by waves and transported by tides
and currents or from the fringes of sediment gravity flows in
nearby gullies on the slope, the sedimentation rate has been re-
markably high (105 m/m.y.). This rate is higher than that dur-
ing the bypass slope phase at Site 630 (Subunit 1A, 25 m/m.y.).
The scarcity of gully deposits at Site 631 indicates that lateral
migration of gullies has been limited, at least since the late Mio-
cene.

The sediment throughout the cored interval has undergone
considerable diagenetic alteration, possibly related to a lowering
of pH associated with the sulfate reduction that generated the
hydrogen sulfide (“Inorganic Geochemistry” section, this chap-
ter). This should enhance the dissolution of aragonite and mag-
nesian calcite in the bank-derived sediment, allowing redepo-
sition as overgrowths and cement. Preliminary XRD results, how-
ever, indicate that dolomite may be forming at the expense of
calcite, with little or no reduction in the amount of aragonite
(“Inorganic Geochemistry” section, this chapter).

All evidence suggests that the depositional environment has
not changed significantly throughout the drilled interval. The
setting has been that of a bypass slope adjacent to a shallow-wa-
ter bank at least since the late Miocene.

An important question is whether the ooze-chalk couplets in
Subunit IB are depositional features or artifacts of drilling. Be-
low 138.4 m sub-bottom (Core 631A-15X), recovery was poor,
but in the least disturbed sections, pieces of chalk as long as 10
cm were recovered, separated by small amounts of ooze and
shorter, more fragmented chalk pieces. The ooze here may be a
drilling paste, particularly because the XCB rotates while cut-
ting a core. However, in the less well-indurated ooze-chalk se-
quence above 138.4 m sub-bottom, recovery was excellent. Proba-
bly only slight drilling disturbance occurred here, especially in
the upper 96.6 m (Cores 631A-1H to 631A-10H) where the HPC
was used; therefore, the ooze-chalk couplets in this region are
most likely depositional and the result of diagenetic alteration.
This may also be true below 138.4 m sub-bottom, because re-
covery of Core 631A-19X was complete, and couplets, similar
to those at shallower levels, were recovered. However, no defini-
tive answer concerning the origin of the couplets can yet be
given.

BIOSTRATIGRAPHY

Introduction

Hole 631A was drilled at this site with the HPC to a depth of
96.6 m sub-bottom and with the XCB to 244.3 m sub-bottom
(total depth). A thick section of Quaternary and Neogene peri-
platform oozes and chalks was recovered. In general, the plank-
tonic microfossils are greatly diluted by micrite and other car-
bonate debris, presumably derived from the nearby platform. In
addition, reworking of older planktonic microfossils (calcareous
nannofossils) is evident in several samples. As a result, the plank-
tonic biostratigraphy described as follows should be viewed as
preliminary.

Calcareous Nannofossils

Section 631A-1H-1 contains abundant Emiliania huxleyi, in-
dicating an occurrence of the youngest part of Zone NN2I,
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which correlates with the late Pleistocene to Holocene. This im-
plies that the mud line was successfully recovered. Section 631A-
1H, CC contains neither E. huxleyi nor Pseudoemiliania lacu-
nosa, although the abundance of gephyrocapsids indicates that
the assemblage is Pleistocene. The assemblage, therefore, is as-
signed to Zone NN20, which correlates with the middle Pleisto-
cene. Core 631A-2H contains P. lacunosa, Cyclococcolithina
macintyrei, and Discoaster brouweri without Discoaster penta-
radiatus, indicating Zone NN18. This zone is correlated with
the late Pliocene, although the planktonic foraminifers indicate
a younger age, which suggests reworking of at least part of the
nannofossil assemblage. In addition, the abundance of the pre-
dominantly Pleistocene species Gephyrocapsa caribbeanica sug-
gests the reworking of Pliocene forms such as Discoaster brou-
weri and possibly some specimens of C. macintyrei. If this is
true, then the assemblage should be placed in Zone NN19, which
correlates with the latest Pliocene to middle Pleistocene.

In Cores 631A-3H and 631A-4H, the presence of Discoaster
brouweri, Discoaster pentaradiatus, Discoaster asymmetricus,
and Discoaster surculus indicates Zone NN16, which correlates
with the late Pliocene.

In the interval from Cores 631A-5H through 631A-9H, Retic-
ulofenestra pseudoumbilica and D. asymmetricus occur togeth-
er, indicating nannofossil Zone NN14/15. A subdivision be-
tween these two zones is not currently possible, as the marker
species for NN14 (Amaurolithus tricorniculatus) is generally rare
and is not useful in this poorly preserved material. These two
zones correlate with the late early Pliocene.

Core 631A-10H contains a few poorly preserved nannofos-
sils, which include Reticulofenestra pseudoumbilica but not D.
asymmetricus. This assemblage is tentatively assigned to NN12/
13 (latest Miocene to earliest Pliocene) because of the absence
of other marker taxa.

Much of the Neogene nannofossil biostratigraphy is based
on the discoasters. In Core 631A-11X, these nannofossils are
absent except for one indeterminate taxon; thus, a reliable zonal
assignment is not possible at this time. In Cores 631A-12X and
631A-13X, overgrown discoasters, which are probably Discoas-
ter quingueramus, were encountered. These discoasters suggest
that this poorly preserved assemblage could be placed in Zone
NN11, which correlates with the late Miocene.

The interval from Cores 631A-14X through 631A-21X con-
tains unusual nannofossil assemblages, which, in general, are
moderately preserved and contain numerous nannofossils. In
most intervals, however, the assemblages lack the taxa used for
biostratigraphic zonation of the Neogene. Other assemblages
appear to contain taxa that designate mutually exclusive zones,
although the preservational state of these forms precludes exact
taxonomic determination. Thus, the age of this sequence is in-
determinate.

In Core 631A-22X, a few specimens of Reticulofenestra bi-
secta occur. This suggests an Oligocene to early Miocene age,
although a zonal assignment cannot be made solely on the basis
of the presence of this taxon. Evidence from Sites 632 and 633
(and from lower in the section at Site 631) indicates that rework-
ing of Oligocene nannofossils is pervasive in the Neogene of the
Exuma Sound transect. Section 631A-23X, CC is essentially bar-
ren of nannofossils.

Sections 631A-24X, CC and 631A-25X, CC contain rather
well-preserved specimens of R. bisecta, Cyclicargolithus flori-
danus, and Reticulofenestra umbilica. This assemblage may be
assigned to Zone NP22, which correlates with part of the early
Oligocene. These two samples, however, also contain strongly
overgrown Neogene nannofossils. In Sample 631A-25X, CC, a
nannoflora has also been observed with Discoaster aukalos, D.
brouweri, D. pentaradiatus, and D. variabilis. Such an obvious-
ly mixed assemblage can be assigned to NN9/11, which corre-
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lates with the late Miocene. The planktonic foraminifers from
these samples are all of early Pliocene age, indicating a proba-
ble reworking.

Planktonic Foraminifers

Poor preservation and atypical species composition charac-
terize the planktonic-foraminiferal assemblages recovered from
Hole 631A, particularly those of the Pliocene (uppermost Mio-
cene?) section (Cores 631A-3H to 631A-25X). Calcite over-
growths hinder identifications throughout much of this se-
quence. Cores 631A-1H and 631A-2H (19.6 m sub-bottom) are
Pleistocene in age (Globorotalia truncatulinoides Zone, N22/
N23). A hiatus separating Pleistocene from Pliocene sediments
may occur within Core 631A-3H.

A late early Pliocene to late Pliocene age is suggested for
Cores 631A-3H, CC through 631A-14X (29.0-138.4 m sub-bot-
tom), primarily by the co-occurrence of Globorotalia crassafor-
mis and Globigerinoides extremus. Globorotalia crassaformis
first occurs in the upper lower Pliocene and ranges to the Holo-
cene, whereas Globigerinoides extremus last occurs near the Pli-
ocene/Pleistocene boundary (Stainforth et al., 1975; Kennett and
Srinivasan, 1983). Berggren et al. (1985) give a first-appearance
datum (FAD) of 4.3 Ma for G. crassaformis s.1. and a last-ap-
pearance datum (LAD) of 1.8 Ma for G. extremus. The age is
further constrained in Cores 631A-3H, 631A-4H, and 631A-5H
by the occurrence of Globorotalia miocenica, which is restricted
to the late Pliocene or perhaps to the earliest Pleistocene (Stain-
forth et al., 1975; Kennett and Srinivasan, 1983). According to
Berggren et al. (1985), G. miocenica ranges from 3.4 to 2.2 Ma.

Cores 631A-6H through 631A-14X are probably late early
Pliocene in age (Globorotalia margaritae Zone, N18/N19 part)
because of the absence of Globorotalia miocenica and the per-
sistent occurrence of Globorotalia crassaformis. This age assign-
ment is corroborated by the presence of Globorotalia margari-
tae in Cores 631A-13X and 631A-14X. Globorotalia crassafor-
mis may occur as low as Core 631A-18X. Other species in this
interval include Globigerinoides extremus, Globorotalia menar-
dii, G. plesiotumida, G. scitula, Globigerina nepenthes, Globi-
gerinella aequilateralis, and Neogloboquadrina acostaensis.

Specimens assignable to Globorotalia cibaoensis (with close
affinity to early Pliocene G. margaritae) occur in Cores 631A-
17X through 631A-25X (157.5-244.3 m sub-bottom), suggesting
an early Pliocene to late Miocene age for this interval. The oc-
currence of Globorotalia margaritae in Section 631A-25X, CC
poses an interesting biostratigraphic problem and three possible
explanations. The specimens of G. margaritae may be down-
hole contaminants, which would make the oldest possible age
for Core 631A-25X, CC early late Miocene, according to the oc-
currence of Globorotalia extremus. This is unlikely owing to the
paucity of G. margaritae in stratigraphically higher samples.
Although unlikely, again, because of the paucity of G. margari-
tae in stratigraphically higher samples, some sections were per-
haps repeated within the interval from Cores 631A-6H to 631A-
25X, a possibility needing further study. A final possibility is
that the entire section from Cores 631A-6H through 631A-25X
is early Pliocene in age, assignable to the G. margaritae Zone.
The loss of G. crassaformis (late early Pliocene to Holocene)
with depth and the appearance of G. cibaoensis (late Miocene
to earliest Pliocene) support the final interpretation.

Larger Benthic Foraminifers

No larger benthic foraminifers were found at this upper-slope
site.

SEDIMENT-ACCUMULATION RATES

The uppermost Pliocene-Pleistocene sequence of periplat-
form ooze in Hole 631A accumulated at a rate of 13-25 m/m.y.
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(Fig. 6). A hiatus as great as 1-2 m.y. might have separated
Pleistocene from lower Pliocene strata in Core 631A-3H. Alter-
natively, very low accumulation rates may have characterized
late Pliocene time in Exuma Sound. Accumulation rates on the
order of 105 m/m.y. characterize a monotonous section of up-
permost Miocene(?)-lowermost Pliocene through mid-Pliocene
periplatform ooze in Cores 631A-25X to 631A-3H. The rate in
the lower unit is poorly constrained because of the paucity of
short-range index fossils and the problems in identifying the Mi-
ocene/Pliocene boundary.

INORGANIC GEOCHEMISTRY

Interstitial Waters

Geochemical patterns in the interstitial waters squeezed from
Site 631 deviated considerably from any of the sites previously
investigated on Leg 101 (see Figs. 7 and 8 and Table 2). Of par-
ticular importance were the great increases in alkalinity (as much
as 13 meq/kg) but little or no change in Ca or Mg. In fact, be-
tween 65.6 and 91.5 m sub-bottom, Ca levels fell below seawater
concentrations, whereas Mg showed a small rise.

Throughout the hole, evidence of hydrogen sulfide (H,S),
generated by the utilization of sulfate by bacteria as an oxidant,
was extensive. The presence of hydrogen sulfide was readily de-
tectable by smell; however, the high interstitial sulfate concen-
tration in the pore waters indicates that considerable amounts
of reduction could still be taking place given sufficient organic
material (Fig. 8). A further product of sulfate reduction is CO,,
which (1) increases the amount of total dissolved inorganic car-
bon, (2) lowers the pH, (3) changes the distribution of carbon-
bearing species, and (4) raises the alkalinity. Overall, these
changes do not seem to cause the dissolution of aragonite, al-
though the absence of high-Mg calcite may be a result of disso-
lution rather than of a lack of primary input.

This change in CO, content is believed to control and reflect
the precipitation of carbonate minerals, such as dolomite and
low-Mg calcite, initiated by the great rise in alkalinity. This pre-
cipitation is evident in the presence of overgrowths on microfos-
sils (see “Biostratigraphy” section, this chapter) and the gener-
ally cemented nature of the sediment. However, the precipita-
tion of carbonate does not occur at the expense of aragonite
dissolution (see the following discussion).

X-Ray Diffraction

Site 631 is characterized by high amounts of aragonite ex-
tending from the Holocene boundary to as far as the Oligo-
cene/Miocene boundary (see Fig. 9 and Table 3). High-Mg cal-
cite (HMC) was present to a depth of at least 7.2 m sub-bottom.
Showing a pronounced increase below 80 m, dolomite is ubig-
uitous throughout the hole. Quartz was not detected. Small
amounts of clay minerals were detected in some of the samples
(see Table 3).

The pattern of aragonite and calcite distribution in Hole
631A shows a reversal from what might be expected from a nor-
mal diagenetic sequence involving carbonates (Figs. 9 and 10).
At a depth between 120 and 150 m sub-bottom, the amount of
low-Mg calcite (LMC) actually decreases without a change in
the amount of aragonite. This decrease in LMC occurs concom-
itant with an increase in dolomite (Table 3). Either these
changes are primary or the pore waters are conducive to the dis-
solution of LMC but not to aragonite.

Carbonate-Bomb Data

The percentage of carbonate generally was greater than 90%-
93% throughout the hole (Fig. 11 and Table 4).
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Figure 6. Sediment-accumulation rates, Site 631.

ORGANIC GEOCHEMISTRY

Twenty-nine samples were taken from Hole 631A for analysis
using the Rock-Eval (see Figs. 12-15). Some gas data were also
obtained from unsplit cores.

The lithology at Site 631 consists of fairly uniform arago-
nite-rich periplatform ooze containing a little pyrite and, in one

interval, glauconite. The organic matter consists of lipid-rich
kerogen in the Pleistocene part of the section (top 10 m), proba-
bly corresponding to type II kerogen (planktonic; Fig. 12). A
less lipid-rich component, probably approximating type I1I ker-
ogen (terrestrial; Fig. 12) dominated the rest of the section (10-
240 m). However, no total-organic-carbon (TOC) values were
available for complete evaluation of kerogen type.
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Figure 7. Summary of interstitial-water analyses, Site 631.

The S,/S, index (see Fig. 13) always gave values less than 0.8,
indicating that the kerogen was mainly gas-prone. However, as
reported earlier, this ratio may not be reliable in aragonite-rich
sediments. No significant trend was noted from these data.

The content of extractables (S,, see Fig. 14) varied as did the
S, content (Fig. 13). The top of the section showed a high con-
tent of extractables.

The most striking feature of the organic matter sampled at
Site 631 was the consistency of the T, results, showing virtu-
ally no downhole gradient (see Fig. 15). The high observed T,
values of 430°C are on the border of the oil-generation zone.
The implication that erosion and redeposition of a single, near-
ly mature source of organic matter had taken place on this slope
is difficult to accept. Reworked organic-matter contributions nor-
mally will give a considerable scatter of T,,,, results, reflecting a
wide range of provenances and maturities (see “Organic Geo-
chemistry” sections, Sites 628 and 630 chapters, this volume).

Recent organic matter of the Bahamas was studied by one of
us (A. Moore), who noted a high content of dead sea grass in
certain Bahamian depositional environments, particularly in low-
energy marine areas. This material was collected, dried, and an-
alyzed by the Rock-Eval technique. Although completely “im-
mature,” sea grass (Thalassia sp.) apparently gives a high T,,,,
(>400°C) reading. Therefore, the high organic content (S,) and
stable T,,,, of Site 631 could reasonably be explained by a con-
stant influx of decayed sea grass. Changes in S, values of organ-
ic matter at the top of the section (Fig. 12) could reflect a higher
marine-algae content.

Much gas evolution was observed within the cored section.
Gas bubbles could be seen actively forming on the interior of
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the core liner. When cut, some of the core sections violently ex-
pelled unconsolidated sediment. This gas was nonflammable,
being high in hydrogen sulfide but low in methane. Gas-chro-
matographic analysis indicated that carbon dioxide was 6 times
more abundant than methane. Apparently, active sulfate reduc-
tion of the organic matter is occurring in situ. The products of
this reaction, hydrogen sulfide and carbon dioxide, probably
create steep diagenetic gradients. This may partly explain the
observed calcite overgrowths on many of the foraminifers and
nannofossils at this site (see “Inorganic Geochemistry” section,
this chapter).

Discussion

The unusually high sedimentation rates (up to 105 m/m.y.)
at Site 631 may have led to enhanced preservation of organic de-
tritus. Aerobic bacteria and benthic invertebrates would have
had insufficient time to destroy all the organic matter.

High sedimentation rates, however, do not fully explain the
particularly high S, values of the section top (Pleistocene), where
sedimentation rates of 13-25 m/m.y. were observed. Perhaps
the position of Site 631 near the mid-water oxygen minimum
enhanced the preservation of organic matter. Further shore-
based organic geochemical work will be required to confirm this
speculation.

PALEOMAGNETISM

Natural Remanent Magnetization

Forty-one oriented 7-cm® paleomagnetic samples were ob-
tained from Cores 631A-1H through 631A-3H and Cores 631A-
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6H through 631A-8H. The former group are late Pliocene to
early Pleistocene in age, whereas the latter are early Pliocene
(see “Biostratigraphy” section, this chapter). Because these sam-
ples are geologically young, they should record an inclination
consistent with the present geocentric axial dipole field at Site
631. Thus, they will provide a test of the capacity of the sedi-
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ments from Hole 631A and, by inference, other similar sedi-
ments drilled on Leg 101 to record the geomagnetic field. All 41
samples from Hole 631A are too weakly magnetized to be accu-
rately measured on the shipboard Molspin spinner magnetometer.

Magnetic Susceptibility

The measuring scheme was modified to reduce the large num-
ber of datum points being handled. Whole-core susceptibility
measurements were still made at 10-cm intervals, but as long as
values corresponding to carbonate material lacking any mag-
netic minerals (i.e., approximately —0.4 x 10~% G/Oe) were
obtained with little variation, only even-numbered core sections
were measured. All cores that gave susceptibilities consistently
greater than 0.0 were measured in their entirety. By this proce-
dure, many susceptibility spikes, attributed to metallic contami-
nation at the top of each core in previous holes, were avoided.
In all, 869 susceptibility measurements were made on sediments
from Hole 631A.

Several susceptibility spikes still remained in the record. One
was traced to a piece of steel flange from the drill string caught
up in the sediments (Section 631A-2H-2). Several others occurred
in Cores 631A-22X and 631A-25X. Both cores exhibited low re-
covery in hard sediments, so these spikes were interpreted as be-
ing metallic contamination caused by the abrasion of the XCB
drill bit. The few remaining spikes occurring in the first section
of several cores were also interpreted as having been caused by
metallic contamination, as discussed in the site summary for
Hole 627B.

By removing most of the susceptibility anomalies thought to
have been caused by metallic contamination, the susceptibility
vs. depth plot (Fig. 16) shows only a few departures from a base
level of about —0.4 x 10~¢ G/Oe, which corresponds to car-
bonate material. Two spikes at 206 and 235 m sub-bottom are
measurements made from Cores 631A-22X and 631A-25X. Even
with removal of the largest susceptibility readings from the top
of each core, higher than average values still appear. Because
the material recovered from these cores is essentially the same as
that obtained higher in the hole (see “Sedimentology” section,
this chapter), both cores are probably entirely contaminated with
material from the drill.

At a sub-bottom depth of 68 m, susceptibility readings aver-
aging about 2.5 x 10~¢ G/Oe were recorded in Core 631A-8H.
Because these high values are restricted to Core 631A-8H, and
because the liner for this core exhibited several breaks, it ap-
pears as if this feature of the susceptibility record is also an ef-
fect of metallic contamination. At about 10-20 m sub-bottom,
another feature, which rises slowly from the base value to a
maximum in Core 631A-2H-4, cannot easily be explained as
contamination. Although this feature is small, having an ampli-
tude of less than 1 x 10~® G/Oe, it appears to begin in the
lower part of Core 631A-1H and to continue into the first sec-

Table 2. Analyses of interstitial waters from Hole 631A.

Sub-bottom
depth Alkalinity  Salinity  Chlorinity Ca Mg S04
(m) pH  (meg/kg) (%) (%) (mmol/L) (mmol/L) (mmol/L)
Surface seawater 8.28 245 36.2 20,53 10.66 58.91 28.76
7.4 7.72 3.30 35.0 19.81 10.70 54.68 26.54
17.1 7.79 2.99 348 19.44 10.78 54.96 25.56
27.0 7.67 2.98 34.8 19.75 10.51 54.63 25.32
36.9 7.64 3.00 35.0 19.71 11.32 54.06 29.89
46.5 7.64 4.65 35.2 19.41 11.58 54.28 25.17
65.6 7.7 6.90 35.9 20.22 9.97 57.68 23.91
91.5 7.52 10.18 36.2 20.29 10.36 57.89 24.72
126.7 7.41 12.02 37.8 20.05 11.51 56.14 26.88
149.4 7.66 13.77 37.0 21.07 15.25 53.88 27.40
184.4 7.90 10.09 36.8 20.46 16.84 52,13 27.54

351



SITE 631

Table 3. X-ray analyses of samples from Hole 631.

Sub-bottom
depth Calcite  Aragonite Dolomite Quartz
(m) (%) (%) (%) (%) Comments
7.4 28 70 2 0 Illite-montmorillonite
present; low-Mg calcite,
53%; high-Mg calcite,
47%
17.1 41 56 3 0 Illite-montmorillonite present
27.0 47 51 2 0
36.8 28 69 3 0 Illite-montmorillonite present
47.5 39 61 0 0
65.6 32 66 0 0 Palygorskite(?) present
70.2 39 56 4 0 Palygorskite(?) present
81.2 37 56 6 0 Illite-montmorillonite present
89.4 18 70 12 0
94.6 25 68 7 0 Illite-montmorillonite present
124.4 14 Tl 15 0
126.6 17 69 14 0 Illite-montmorillonite present
131.0 20 68 12 0 Illite-montmeorillonite present
137.0 24 66 10 0 Illite-montmorillonite present
149.3 22 66 12 0
159.6 32 60 8 0
184.3 25 65 10 0
206.2 51 42 6 0
236.1 71 19 10 0
0
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Figure 10. X-ray data, Site 631.
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Table 4. Carbonate-
bomb data, Site 631.

Sub-bottom
depth
(m)

5

11

24
31.7
47.3
53.9
63.4
73.2
82.7
89.4
98.8
111.9
127.4
131.0
140.6
159.6
185.1
206.2
235.1

2
9
8

CaCo;,
content
(%)

83
92
92
92
92
97
97
97
94
91
96
95
98
96
94
97
93
94
97
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tion of Core 631A-3H. This anomaly may be a contamination
effect, or it could originate from the notably higher than aver-
age susceptibility values recorded near the seafloor in the first
and second cores of Holes 627B and 632A.

PHYSICAL PROPERTIES

Physical-property measurements were made of sediments re-
covered from Site 631 as described in the “Introduction and Ex-
planatory Notes” chapter of this volume. Continuous density
determination by the Gamma Ray Attenuation Porosity Evalua-
tor (GRAPE) could not be made because of a broken drive belt.
Therefore, 2-min GRAPE counts were taken on the same dis-
crete samples used for velocity and index-property measurements.
Data are plentiful to 132.6 m sub-bottom. Poor recovery below
that point is reflected in the few datum points plotted (Fig. 17).

In general, the physical-property parameters display depth
gradients stronger than those of Site 630 (see Site 630 chapter,
this volume).

Compressional Wave Velocity

Compressional wave velocities were measured on sediments
inside the core liner and of discrete samples removed from the
liner. Both techniques yielded essentially the same results at this
site (Table 5).

Sediment velocity increases linearly from 1600 m/s at 5 m
sub-bottom to 1900 m/s at 243 m sub-bottom. When compared
with the downhole distribution curve of Hole 630A, velocity
values are about 100 m/s higher than those in Hole 630A at the
same depth (Fig. 17A). This is a minimum value; velocity mea-
surements made on discrete samples show a greater difference
(Fig. 17B).

Wet-Bulk Density, Water Content, and Porosity

Wet-bulk density increases linearly downhole from an aver-
age value of 1.72 (g/cm’) in the first 9 m to 1.97 (g/cm?) at
243.6 m sub-bottom. Compared with Hole 630A, density values
are significantly higher throughout the entire hole (Fig. 18).

Dry water content and porosity values measured from Site
631 decrease downhole from high values of 63% (water content)
and 61% (porosity) to low values of 30% (water content) and
45% (porosity) at 240 m sub-bottom. All three values show a
change in slope between 95 m and 120 m sub-bottom. This zone
of decreasing water content and porosity coincides with the depth
(96.6 m sub-bottom) at which operations were switched from
HPC to XCB drilling and at which an increase in chalk was re-
corded (see “Sedimentology” and “Summary and Conclusions”
sections, this chapter).

Thermal Conductivity

Thermal conductivity increases from an average value of 2.4
x 1073 cal x °C~! x em~! x s~!in the first 9 m sub-bottom
t02.9 x 1073 cal x °C~! x em~! x s~!at 214 m sub-bottom.
The datum points plotted (Fig. 19) show considerable fluctua-
tion around this general trend.

Shear Strength

Shear strength ranges from 5 to 10 kPa within the first 40 m
sub-bottom. It increases between 40 and 75 m sub-bottom and
shows extreme values at 48 (16 kPa) and 70 m sub-bottom (34.2
kPa), although varying considerably. Below 80 m sub-bottom,
shear strength is only slightly higher than in the top 40 m (Fig.
19).

Discussion

Physical-property values measured at Site 631 are different
from those measured at Site 630, although both sites were simi-
lar lithologically. The individual values start at both sites with
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Figure 12. S, content of lithologies at Site 631, showing an upper interval (late Pleistocene) containing lipid-rich ker-
ogen, and a lower interval (Miocene to Pleistocene) containing less lipid-rich kerogen. The whole section was higher
in S, than previously drilled Neogene sections during Leg 101 (note difference in scale compared with previous drill

sites).

similar values, but different gradients develop downhole. Com-
pressional wave velocity and density values are consistently higher
at Site 631 than at Site 630 at comparable depths (Figs. 17 and
18B). Similarly, water content and porosity show consistently
lower values at Site 630 than those measured from Site 631 (Fig.
18). No shifts in the downhole distribution curves of Site 631
occur, which would indicate a separation into different units
(like slumps) or the erosion of an additional overburden at any
point in the recovered sedimentary column. Thus, the continu-
ous curves suggest that sediments from Hole 631 A are more dia-
genetically altered than are sediments from Hole 630A.

SEISMIC STRATIGRAPHY

Introduction

Site 631 (BAH-11-A) lies at the shallow end of the Exuma
Sound slope transect. This site was located at the intersection of
site survey lines ES-07 and ES-13 (see “Background and Objec-
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tives” and “Operations Summary” sections, this chapter; Figs.
20 and 21). The primary objective was to define the perennial
depositional signal on a bypass carbonate slope, which would
then be compared with the “bypass” record to be sampled at
the toe-of-slope (BAH-11-B) and out on the basin floor
(BAH-11-C).

Acoustic Correlations: Site 631

Because of the steepness of the slope (10°-12°) and the rough
bottom topography at Site 631, interval velocities derived from
semblance analyses of the site-survey profiles in this area are
scattered. However, Hamilton Frame velocities measured on Site
631 samples aboard the JOIDES Resolution show a consistent
increase from 1.6 km/s at the surface to 2.0 km/s at approxi-
mately 220 m sub-bottom (“Physical Properties” section, this
chapter). Inspection of these results suggests that a value of
1.8 km/s can be used as a representative average interval veloci-
ty for the section sampled at Site 631. Using this velocity for
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Figure 13. S,/S, ratios, indicating gas potential for Site 631. The S; con-
tent measured on the Rock-Eval instrument is misleading because it may
contain a contribution from carbonate pyrolysis rather than from kero-
gen pyrolysis.

depth-to-traveltime conversion, Hole 631A penetrated 0.27 s of
section on lines ES-07 and ES-13 (Figs. 20 and 21).

Both the lithostratigraphic and biostratigraphic results from
Hole 631A indicate rapid, continuous deposition. Examination
of both seismic lines ES-07 and ES-13 suggests the following:

1. Hole 631A apparently sampled an interfluve-levee system
(hummocky clinoforms) developed on the northwestern flank
of a channel characterized by higher amplitude parallel reflec-
tions. The interfluve on the other side of this channel is also dis-
cernible approximately 0.75 n. mi to the southeast (Fig. 20).
Drilling into such an interfluve sequence would explain both the
prevalence of bioturbated chalk-ooze and the evident lack of
turbidite material in Hole 631A, whereas the intrachannel re-
flections presumably are either coarser grained off-bank materi-
al deposited as turbidites or a series of hardgrounds.

2. The predominant seismic facies patterns at Site 631 are
shingling and hummocky clinoforms, both indicative of progra-
dation (Mitchum et al., 1977). Traveltime thicknesses of the in-
tervals between discernible reflections within the shingling pat-
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Figure 14. S; content of lithologies at Site 631, showing high bitumen
content in the lower Pleistocene interval. S, values between 0.5 and 1 are
characteristic of rocks with fair oil source potential.

tern are 0.015-0.1 s, or 13.5-90 m, at the 1.8 km/s velocity esti-
mated for this section (Fig. 21). The high accumulation rates at
this site (up to 90 m/m.y.; see “Sediment-Accumulation Rates,”
this chapter), along with the apparent lack of repeated sections
(see “Biostratigraphy,” this chapter), suggest gradual upbuild-
ing of interfluves on bypass slopes by stacking of thin sedimen-
tary slices. This could occur as a result of either continuous
downslope creep or tranquil slumping, as opposed to the more
episodic nature of turbidite deposition within the channels. The
shingled facies also appears to prograde basinward with time,
although not very far (less than 1.0 n. mi; Fig. 21). This evi-
dence also supports gradual gravitational mass-wasting as the
primary mechanism for growth on this bypass slope.

SUMMARY AND CONCLUSIONS

One hole was drilled at Site 631 at the upslope end of the Ex-
uma Sound slope transect. A total of 244 m of sediment was
penetrated with the HPC/XCB system. The sequence is rather
monotonous and is considered one lithologic unit with subdivi-
sions (see “Sedimentology” and “Biostratigraphy” sections, this
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Figure 15. T,,, at Site 631, showing consistent, unusually high, values
for the organic component. Identical maturity (and presumably prove-
nance) is interpreted here as Thalassia sp. input (see text).

chapter and Fig. 22): (1) Subunit IA, periplatform ooze with
some chalk, cyclic alternations of organic-rich and lean inter-
vals, late Pliocene-Pleistocene, 24 m; and (2) Subunit 1B, peri-
platform ooze and chalk, rich in pyrite, some glauconite, signif-
icant downward increase in hardness at 100 m sub-bottom, late
Miocene(?)-late Pliocene, 220 m.

Abundant aragonite needles and admixtures of neritic ben-
thos identify the sediment as periplatform ooze. The conspicu-
ous absence of graded sand layers suggests efficient bypassing
of the site by turbidity currents. This inference is supported by
the presence of gullies, interpreted as the erosional pathways of
turbidity currents (Hooke and Schlager, 1980).

Biostratigraphy at this site suffers from strong overgrowth on
fossils and from reworking. What little time control is available
indicates sedimentation rates as high as 90 m/m.y., exceeding
the maximum rates observed at Site 630 in a similar setting (62
m/m.y.). Both Sites 630 and 631 have a positive sediment bud-
get and are accreting, despite much of the sediment load being
carried by turbidity currents and bypassing the slopes. At Site
630, accretion clearly results from rapid deposition of periplat-
form ooze in a stratigraphically undisturbed succession. The
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Figure 16. Magnetic susceptibility (x 10~¢ G/Qe) plotted vs. sub-bot-
tom depth. Probable metallic-contamination effects have been sup-
pressed by excluding the first section of each core from measurement
and by excising large-amplitude, short-wavelength spikes.

cause of sedimentation at Site 631 is more ambiguous owing to
insufficient biostratigraphic control. For example, the section
below 24 m in the hole could consist of one or several large
slumps. This interpretation is compatible with the seismic rec-
ords (“Seismic Stratigraphy” section, this chapter) but derives
little support from direct observations of the cores.
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The content of organic matter in Hole 631A is higher than at
any preceding site (“Organic Geochemistry” section, this chap-
ter). Nearly constant (apparent) T,,,, of about 400° throughout
the hole suggests a source other than marine algae or protists,
probably sea grass, from the platform tops.

Diagenesis of the periplatform ooze in Hole 631A has pro-
gressed more rapidly downhole than in the preceding holes
(“Sedimentology” and “Inorganic Geochemistry” sections, this
chapter). At 100 m below seafloor and at an age of 5 Ma, the
sediment is largely cemented. Throughout the hole, aragonite
remains abundant, and dolomite appears as a diagenetic miner-
al. Interstitial waters show a pronounced increase in alkalinity
driven by decomposition of organic matter. This increase gov-
erns the dissolution of magnesian calcite and aragonite and the
precipitation of dolomite.

Steeper diagenetic gradients compared with the other sites
are also indicated by more rapid decrease in water content and
porosity and concomitant increases in density and sonic velocity
(“Physical Properties” section, this chapter). The gradients are
steady and without significant steps, consistent with the notion
of continuous, rapid, and monotonous sedimentation.
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Table 5. Physical properties of sedimenis, Site 631.

Thermal
Sub-bottom Velocity ~ Wet-bulk  Dry water conductivity Shear

Sample depth Velocity  in liner densilir content Porosity (10_3 % cal x °C~! strength
(level in cm) (m) (m/s)  (m/s)  (g/emd) (%) (%) x em™! x 57 (kPa)

1-2, 20 1422

1-2, 70 22 1436 1.8 42.53 53.65 2,697 5.78

1-2, 100 14.38

1-3, 75 3.7 2.595

1-4, 20 1607

1-4, 70 5.2 1642 1598 1.67 62.96 64.65 2.075 6.03

1-4, 100 1650

1-5, 75 6.7 2177

1-6, 20 1647

1-6, 70 8.2 1619 1647 1.70 60.89 64.47 2.253 5.90

1-6, 100 1685

22,35 11.5 1706

22,70 11.9 1642 1730 1.79 46.69 56.78 2,569 2.26

2-2, 100 1763

23,75 13.4 2.889

2-4, 20 1665

2-4, 70 14.9 1708 1517 1.79 48.45 58.25 2.838 5.02

25,75 16.4 2.885

2-6, 20 1907

2-6, 70 17.9 1628 1651 1.78 48.85 58.47 2.457 .

32,20 1843

32,70 21.8 1635 1.73 54,81 61.15 2.713 10.04

3.2, 110 1737

33,75 23.3 2.712

3-4, 20 1647

34,70 24.8 1646 1745 1.77 51.31 59.97 2.463 6.53

3-5, 75 2.736

3-6, 30 1665

3-6, 70 27.8 1701 1721 1.90 40.55 54.55 2.902 9.29

3-6, 100 1704

4-2, 20 1784

4-2,70 31.7 1697 1725 1.79 48.49 58.25 2.833 8.04

4-3, 75 3.2 2.436

4-4, 75 4.7 27127

4-5, 70 36.2 2.455

4-6, 20 1724

4-6, 75 7.7 1714 1.83 46.17 57.73 2.494 5.52

4-6, 140 1745

5-2, 20 40.8 1692

5-2, 70 41.3 1705 1713 1.89 41.04 54.82 2.546 4.02

5-2, 100 41.6 1701

5-3,75 42.8 2.489

5-4, 20 438 1729

5-4, 70 44.3 1676 1708 1.79 49.44 59.27 2.593 6.53

5-4, 100 44.6 1727

5-5, 75 45.8 2.817

5-6, 20 1740

5-6, 70 47.3 1668 1726 1.82 49.92 60.73 2.496 16.07

5-6, 100 1628

6-2,75 50.9 1.88 3172 51.29 2.648

6-3, 20 1758

6-3, 70 52.4 1528 1553 2.692 8.29

6-3, 100 1854

6-4, 20 1903

6-4, 70 53.9 1477 1844 1.83 44.52 56.34 2.842 7.03

6-4, 100 1875

6-5, 75 554 2.850

6-6, 20 1490

6-6, 70 56.9 1491 1713 1.87 41.26 54.37 2,925 7.28

6-6, 100 1752

7-2, 20 1902

7-2, 70 60.4 1555 1963 1.89 38.42 52.27 2.897 12.56

7-2, 100 1974

73,75 61.9 2.569

7-4, 20 1762

7-4, 70 63.4 1685 1746 1.83 43.17 55.02 2.857 7.53

7-4, 100 1707

7-5 64.9 2.845

7-6, 20 1803

7-6, 70 66.4 1766 1.89 38.65 52.52 22.10

7-6, 100 1752

8-2, 20 1757

8-2, 70 70.0 1816 1.89 35.88 49.61 2.885 34.15

8-2, 100 1853

83,75 71.5 2.791

8-4, 20 1797

8-4, 70 73.0 1507 1732 1.90 38.26 52.34 2.847 11.30

8-4, 100 1760

8-5, 75 74.5 2.801

8-6, 20 1847

8-6, 70 76.0 1912 1.93 37.88 52.83 2.789 11.55

8-6, 100 1776
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Table 5 (continued).

Thermal
Sub-bottom Velocity ~ Wet-bulk  Dry water gcmductjvity Shear

Sample depth Velocity  in liner dmsitg content Porosity (1077 x cal x sc~! strength
{level in cm) (m) (m/s) (m/s)  (g/cmd) (%) (%) xem P xs7h (kPa)

9-2, 20 1800

9-2, 70 79.3 1756 1803 1.79 41.58 52.52 2.732 9.04

9-2, 100 1932

9.3, 75 80.8 2.767

9.4, 40 1850

9-4, 70 82.3 2067 1761 1.99 35.61 51.93 2.977 9.29

9.4, 100 1698

9.5, 75 83.8 2.504

9-6, 20 1726

9-6, 70 85.3 1724 1.87 41.05 54.17 2.61 6.28

9-6, 100 1707

10-2, 20 1761

10-2, 70 9.2 1651 1729 1.86 43.00 55.70 2.675 6.53

10-2, 100 1841

10-3, 75 90.7 2.959

10-4, 20 1777

10-4, 70 92.2 1521 1.97 34,25 50.04 3.010 9.04

10-4, 100 1724

10-5, 75 93.7 2.991

10-6, 20 1829

10-6, 70 95.2 1666 1699 1.82 46.17 57.50 2,725 7.53

10-6, 100 1779

11-2, 20 1908

11-2, 70 98.8 1637 1803 1.87 39.81 53.04 2.627 8.79

11-2, 100 1787

113, 75 100.3 2,785

11-4, 20 1780

114, 70 101.8 1719 2115 1.94 17.72 52.82 3.017 4.27

11-5, 75 103.3 2.871

11-6, 20 1883

11-6, 70 104.8 1844 1.93 34.68 49.40 2,635 9.29

11-6, 100 1690

12-2, 30 1660

12:2, 70 111.9 1735 1.96 32.20 47.45 2.951 17.58

12-2, 100 1723

12-3,75 113.4 2.640

124, 30 1741

124, 70 114.9 1725 1.96 33.54 48.93 2.729 7.53

12-4, 100 1882

12:5,75 116.4 2.949

12-6, 30 1738

12-6, 70 117.9 1842 2.02 29.76 45.93 3.037 10.80

12-6, 100 1713

13-2, 20 1926

13-2, 70 121.4 1452 1897 2.01 30.61 46.69 2.901 8.75

13-2, 100 1714

133,75 122.9 2.595

13-4, 20 1739

13-4, 70 124.4 1825 1981 1.99 32.69 48.76 2.824 3.01

13-4, 100 1884

135, 75 125.9 2.760

13-6, 20 1856

13-6, 70 127.4 1817 1.96 34,95 50.56 3.204 6.53

14-2, 30 1502

142, 70 131.0 1605 1.96 32.76 48.03 2.842 4.7

14-2, 108 1453

143,75 132.5 2.754

14-4, 30 1907

14-4, 70 134.0 2034 1.99 34,01 50.08 2,731 12.85

14-4, 100 1612

14-5, 75 135.5 2.95

14-6, 30 137.0 1631

14-6, 70 2009 1.98 32.67 48.53 2.901 8.04

14-6, 100 1691

15-1, 75 139.1 2.975

15-2, 70 140.6 1899 1.94 35.01 50.01

161, 75 148.6 2.949

16-2, 75 150.1 2.869

16-3, 15 151.6 3.177

17-1, 75 158.2 1995 2.403

17-2, 85 159.7 1911 1.86 41.35 54.13

17:3, 30 161.2 3.072

19-2, 70 179.1 1745 1842 1.88 39.18 52.69 2.825

19:3, 75 180.6 3.231

19-4, 25 1810

19-4, 75 182.1 1816 2.704

19-4, 100 1860 1.88 40.67 54.19

19-5, 75 183.6 2.814

19-6, 40 185.1 1883

19-6, 75 1.94 35.57 50.68 2.795

221, 15 205.8 1815 3.237

221,75 206.4 1909 1.95 33.77 48.93 2.572

25-1, 60 235.1 1904 1.97 29.79 44.92

SITE 631
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Figure 18. Comparison of the index-property distribution curves of Holes 630A and 631A. All parameters determined by gravimetric and volumetric
techniques.
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system in the vicinity of Hole 631A (see inset). Vertical line shows the depth of penetration into the interfluve sequence.
For location of profile, see Figure 1.
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Figure 21. Part of dip line ES-07, illustrating the “shingled” seismic
pattern interpreted here as the upbuilding and progradation of the in-
terfluve sampled at Site 631. Arrow indicates progradation through
time. For location of profile, see Figure 1. Vertical line is depth of pene-

tration at Site 631.
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Figure 22. Summary of data for Site 631.
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631

HOL

CORE__1H

CORED INTERVAL 1091,5-1101.2 mbsl; 0.0-9.7 mbsf

631

HOL

CORE

2H

CORED INTERVAL 1101.2-1111.1 mbsi; 9.7-19.6 mbs{

BIOSTRAT. ZONE /
FOSSIL CHARACTER

TME-ROCK UNIT |~

RMADIDLARIANE
DIATOMS

FORAMINIFERS

PALEOMAGNETICS

PHYSICAL PROFEATIES| M

CHEMISTRY

SECTION

METERS

GRAPHIC
LITHOLOGY

DRILLING DISTURE.

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

1]
TIME-ROCK UNIT m

BIOSTRAT. ZONE /

FALEOMAGNETICE

PHYBICAL PROPERTIES| M

CHEMISTRY

SECTION

METERS

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

PLEISTOCENE - HOLOCENE

MIDDLE PLEISTOCENE

Globarotalia truncatulinoides Zone N22/23
NN2O

NN21

Fowet bulk donsity ® =180 Ce5385 Vo =1438 in lnar

® Pu1 g7 G8408 Vpe1Bd

VpulB19  P=B44T pelTO@®

AT H NS e

WS TN EN
7t
[i]
o
]

s labigliy
Rif
0
]
0
0

PN AN
| Q

(1]

(1]

o

Logolaapelspsy
d.i
0
o
o
o

T T

Volcanic Glass - -
Foraminifers B 10

Pellets 10 10
Praropods. Te 5

Skelatal Fragments 10 10
Micrite 16 20

g
8
&
2Rl nada
8
]

CALCAREOUS DOZE

CALCAREOUS OOZE, white {10YR 8/1, 5Y 8/2) to light gray
(2.5Y 7/2), throughout core. Whole coiled pteropods and intact
bivalves in Section 1, 38-146 cm. Some groy (10YR 6/1) stresks

Burrows with dark brown (2.6 4/4) to light brownish gray
(2.5¥ 8/2) fill present in Sections 2 and 3, A plant seed was found
in Section 2, 110 em. A gradational color change from white to gray
takes place in Section 4,

SMEAR SLIDE SUMMARY (%):

276 475 576 675 296
D [+] D D M

COMPOSITION:

=2 b

PLEISTOCENE
Globorotalia truncatufinoides Zona  N22/N23

NN18/19 7

FiM
C/m

O=56.78 Vp=1842

. g

D588 Vio=1708

LY ]

PeEEAT Vp=1628

sp=178

e
o
carley iy

NS FEEEE FR

aanad g galaa g

1
gl 1)

— e o | DRILLING DISTURS.

CALCAREOUS QOZE with minor CHALK and UNLITHIFIED PACK-
STONE

CALCAREOQUS OOZE, white (10YR 8/1, 5Y 8/17.5YR 8/0) to light
gray (25¥ 7/0), throughout cors with other lithalogies interbodded
DOZE contains burrows and gray to black streaks.

CALCAREOUS OOZE and CHALK intercalated, white (10YR 8/1,
5Y B/1), occurs in Section 1, 84-94 cm, and from Section 3, 0 cm,
through Section 4, 150 em. Centains some grain aggregates, but
no obvious burrows.

CHALK, white (10YR 8/1), oceurs as thin beds in Section 2, 34.39
em, 57-83 cm and 128-137 cm, in Section 5, 66-72 cm, in Section 6,
95-105 em and 136-141 cm, and in Section 7, 51-62 em and 75-90
em,

UNLITHIFIED PACKSTONE, white (10YR 8/1), occurs in Saction
7,010 em.
SMEAR SLIDE SUMMARY (%}:

275 475 675
D

COMPOSITION:

Foraminifers 10
Nannofossils a0
Pellets 5
Pteropods Tr
Skeletal Fragments 15
Micrite (arag. noedles) 40

85 138a
R
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SITE HOLE A CORE  3H CORED INTERVAL 1111.1-1121.0 mbsl; 19.6:29.5 mbst SITE__ 631 HOLE A CORE__4H CORED INTERVAL 1121.0-1130.6 mbsl; 20.5:39.1 mbs!
3 WIOSTAAT. ZOME | ;
] & g 4
5 = -
H H § : - E LITHOLOGIC DESCRIPTION g\t 2 ; £ i ; 13 g " LITHOLOGIC DESCRIFTION
S GRAFH
LRSI HHERH G
: HEHHHEE HEE HHHBERHHHEE 2l
X - - 0w o X
CHALK, CALCAREOUS OOZE, with minor UNLITHIFIED PACK. = Bkl SRR, BaaE " s
! h STONE, LIMESTONE (LITHIFIED OOZE) and UNLITHIFIED Joa | t FLOA T3 ONE ottt ol booes J e UNL
: | FLOATSTONE (probably drilling breccia) g 052 [ \
4 1 : 1 ¥ ol CHALK and CALCAREOUS OOZE intercalated, white (10YR 8/1,
T | CHALK and CALCAREOUS DDZE intercalated, various shades of .E"H oo | L 2.6V 812), oecurs from Esction 1 15';“_ hiough s.L‘L'.,‘.. Pt
3 whita (2.6Y 8/0, 2.5 8/2, 7.5YR 8/0, 10¥R 8/1), ocours in Section 1042 T Cootsine lighe craw (10YR 7/2) Lanrom .. alafice Feooortions
. 2, 0-150 cm, and from Saction 5, 0 cm, through Section 7, 50 cm. ; Fooe | LY of 00ZE and CHALK vary.
b l Possibly bioturbated, but burrows are not distinct. Contains grain < 1= =
; § [ ’E aggregates up to 0.3 em diametar. Relative proportions of OOZE T e | CALCAREOUS OOZE, light gray (2.5Y 7/2), from Section 5, 0 cm,
-4 and CHALK vary. = :u‘:l i e [0 O l through the base of the core, with two thin interbads of CHALK,
REES=c=Cac 2 ] 00ZE i . contains medi coarsa sized grain aggrogates.
g e | CHALK, various shades of whits (2.5Y 8/0, 2.5Y B/2, 7.5YR 8/0), | Jmeeal WHRPL onGinUIRGE e e
3| 2] 3 . in Section 1, 10-150 cm, and in Section 3, 60-150 cm, with minor o*l2| == . UNLITHIFIED FLOATSTONE, white (10YR 8/1), accurs in
H | lithologies interbedded. i e Section 1, 0-154 cm; is probably drilling breccia.
Heaed CALCAREOUS OOZE, white (25Y 8/0, 10YR 8/1), occurs in ekl === I
oo | Section 3, 060 cm, Section 4, 0-120 cm, and in the CC, 0-10 cm, oK = SMEAR SLIDE SUMMARY (%),
BE o
e l | UNLITHIFIED PACKSTONE, white (25Y B/0), occurs as a single 2 ool 275 475 875
i Jos=n] | thin bed in Section 3, 118-120 em, ] [ty D o D
EE=E-B-0-] -
: B gty g il LIMESTONE (LITHIFIED OOZE), white (25Y 8/0), occurs in 3 . | ! COMPOSITION:
& 3] 3 I ] Section 1, 46-50 cm and 65:70 cm. w |8 3! 7
i 5 = - i Faraminifars 1 10 5
@ i 1 UNLITHIFIED FLOATSTONE, white {2.5Y 8/0], occurs in Section g ; ] Nannofossils 20 5 20
z l 1; is probably drilling breccia. S|S b | Pellets 5 5 5
E 5 1 > lale . Pteropods - Tr =
e | SMEAR 5LIDE SUMMARY (%): ol 1 | Skeletal Fragments 0 15 10
8 |gle g S ] I g \1812 ] : Clasts 0 20 20
2 |5|2 o Peesd| 276 475 675 6106 > | ] | Micrite w0 25 4
w - Paaad ] o D D D i 2 -
: ¢ e !
g 3 oo | z |2 7
2 | (4] Fo=2ed ol COMPOSITION: ot ] |
g Feee | Foraminifers 5 1 5 10 B |
o ooo ini E
é — ! *—' Nanmofossits s 15 30 18 © ] ;
& oG Pallets 5 5 5 10 B I
oo o - Skelatal Fragments w1 1w 10 1 10
| Clasts 15 20 10 30 i E 3
1.5 Micrite 30 40 40 25 ] E =
H | l g ]
B 5 == i 5 E e}
é _E._.p-m I \ 1 o
{e|o=o- I b T M
i 1 & oo ‘]ﬂ i fe)
Jo o oo 5
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SITE 631 HOLE CORE _5H CORED INTERVAL _1130.6-1140.2 mbsl; 39,1-48.7 mbsf SITE 631 HOLE A CORE__&H CORED INTERVAL 1140.2-1149.7 mbsi; 48.7-58.2 mbsf
BIOSTRAT. ZONE { H BIOSTRAT. ZONE | ]
£ | FOSSIL CHARACTER g|E u % FOSSIL )y g £ln
ANARERHE : ABFAERREH! HE
HEIE HEE alg LITHOLOGIC DESCRIPTION HEE z s LITHOLOGIC DESCRIPTION
§ R § g FEl= g2 § 2 a 5 E crarwic | 8 ]
g!ggg -§§§ 3:; i;%a! HH %Eum;mvjs-
3 £ u g
HHHHEHEHHEE HE HHHHHEHHHEE HHE
x x
| CALCAREOUS OOZE and CHALK with minor UNLITHIFIED Feeoe] | |1 CALCAREOUS OOZE, GHALK, and UNLITHIFIED RUDSTONE
g I FLOATSTONE (probably drilling breccial. Strong odor of hydrogen o5 o oo I {probably drilling breccia). Strong odor of hydrogen sulfide.
sulfida. - T e
i T O B ==== CALCAREQUS OOZE and CHALK intercalated, white (10YR 8/1,
| CALCAREOUS OOZE and CHALK intercalated, white (10YR 8/1, N i e | 25Y 8/2], occur throughout core with minar lithologies intor-
. 2.5Y 8/2) to light gray (2.5Y 7/2), occurs from Section 1, 12 em, _ﬂuumc'_n.ﬂn‘ | bedded. Relative proportions of DOZE and CHALK vary.
| through Section & 150 cm. Core matarial varies in degres of lithifi- 5 == |
cation, alternating from OOZE to CHALK. Bioturbation through- b B s UNLITHIFIED RUDSTONE, white [10YR 8/1), occurs in Section 1,
| out. Relative propertions of OOZE and CHALK vary. ] | 05 em; is probably drilling breccia.
% o | CHALK, white (10YR 8/1), from Section 7, 0 em, through base of 8 . SMEAR SLIDE SUMMARY (%)
T core. i 7 H
a a A
. L . 2 4 -
I UNLITHIFIED FLOATSTONE, white (10YR 8/1), in Section 1, 3 275 475 675
| 0-12 cm; is probably drilling breceia. o o L]
[ SMEAR SLIDE SUMMARY (%): COMPOSITION:
) Foraminifers 5 5 5
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" - J -E HE P I Clasts 40 35
E ]
i £ ] ; Foraminifers 10 5 B 4 [ Wigrine B B
e s I | Nannofossils 20 20 15 £ !
z ] ! Pallets 3 - s £ A Iy
" E 5 3 | Pterapods 2 T T w |2 ! :
z 3 ' = Skeletal Fragments B 15 15 z (7 |
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SITE 631 HOLE A CORE__7H CORED INTERVAL 1149.7-1159.5 mbsl; 58.2-68.0 mbsf SITE 631 HOLE A CORE __ 8H CORED INTERVAL 1159.5-1169.0 mbsl; 68.0-77.5 mbst
BIOSTRAT. ZONE | -4 WIOSTRAT. 20ME / 2
- = §
B lﬁﬂuﬂm ER n E o @ g '_Eﬂ_lkmﬂmﬂ_ g E 5 8
s [efz[e] T 1518 S [efl5l [ (58 HE
|8 g HEM g LITHOLOGIC DESCRIPTION g £l alg LITHOLOGIC DESCRIPTION
& |2 3 5 3 5 E z| o | ocnaemc 2 " & § 3 i HE oraric | 212 i8
w 3 g E | urnowooy | 3|6 w 2 £ | umwowoay | S| GE|2
AHHHERHEHAE HHE AHHHEREHEHAE HHE
" | a 3 3 a i K a ] 3 a
] ‘“—"‘? = ] I oo ] |
:E":DZC'ZD: CHALK and CALCAREOUS OOZE. Strong odor of hydrogen sulfide. ; :c,:u faoms CHALK and CALCAREDUS OOZE. Strong odor of hydrogen sulfide.
§ 05 | CHALK and CALCAREOUS DOZE intorcalated, various shades of $ S = | | CHALK and CALCAREOUS DOZE intercalated, various shades of
é 1 Toooo white (T0¥R 81, BY 8/1, 2.5Y 8/2) to light gray (10YR 7/1), 3 1 Tooloa I white (Y 8/1, 2.5Y 81, 10YR 8/1), occurs throughout core.
+ooo | throughout core; bioturbated.  Relative propertions of QOZE e Slightly bioturbated, pyrite is both disseminated throughout and
L ECTCAC N and CHALK vary. A fow indurated burrows (1.5 cm diameter] WrEe s |t concentrated in blebs. Relativa proportions of OOZE and CHALK
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. i
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. ] COMPOSITION:
Bl s 1 I Foraminifers 10 5 5 B [
] D Mannofossils 20 20 10 7 | Accessory Minerals:
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SITE 631 HOLE A CORE _ 9H CORED INTERVAL 1168.0-1178.7 mbsl; 77.5-87.2 mbst SITE 631 HOLE A CORE 1oH CORED INTERVAL 1178.7-1188.1 mbsl; 87.2-98.6 mbsf
— —_—
BIOETRAT. ZONE | -] BIOSTRAT. ZONE / 2
= = [
g ;on: g ‘E' § g g ;nml,agumn 8 E % g
4 H =
§ £l 8 2 HEH ] LITHOLOGIC DESCRIFTION § £ 3 H i £z alg LITHOLOGIC DESCAIPTION
E|E|2(% ;a 3| ¢ ararvic | § P 2|z a i HE GRAPHI glz|e
E;g{ HE 2| & | umwotoay 3| &g E!E _E,BEmmmvjhi
a 2 H 3 2la
£ HHBEHHEHE HHL HAHHHEHEHHHE HE
= = o o
P -] = o oo
1= | | CALCAREOUS OOZE and CHALK. Strong odor of hydrogan sulfide, i R ICECNES l | CALCAREQOUS DOZE and CHALK. Strong odor of hydrogen sulfide.
EE=] 5 10 0o o
5—
° + e | CHALK and CALCAREOUS DOZE intercalated, white (2.5Y 8/1, g {=2 = | CALCAREOUS OOZE and CHALK & varipus shades of
B b % oo o
= 1 Ty ! 10YRA 8/1), occurs throughout cors with minor lithologies inter- g 15 oo - 1 white (10YR 8/1, 10YR 8/2, 5Y 8/1), occurs throughout core with
i P K 5 i bedded. Slightly bi pyrita disseminated throughout and Jeee minorlithalogi d.  Slight no pyrite
10y concentrated in blebs. Felative proportions of DOZE and CHALK 10 o e e observed. Relative proportions of OOZE and CHALK vary.
-L:ﬂ—Dﬂ—G| vary. ~ :nnnmjl !
; i= § FoeE o | SMEAR SLIDE SUMMARY (%):
I CIEE o | SMEAR SLIDE SUMMARY [%): oo o
oo (! S = | ! 278 475 675
& AR ] 275 475 675 L] = e D [+] o
s . D D D T 1 = oo
i 2l === HHARE ==L COMPOSITION:
L Io oo . COMPOSITION: Al s 1
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i Poao: | " Nannatossils 0 15 2 pECEC IR AN
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SITE 631 HOLE A CORE 11X CORED INTERVAL  1188.1-1201.2 mbsl; 96.6-109.7 mbst SITE &3 HOLE A CORE_ 12X CORED INTERVAL 1201.2-1210.7 mbsl; 109.7-119.2 mbsf
BIOETRAT, ZONT | B BIOSTRAT. ZONE / ]
g 7 8. "
% mu;mmmm 8 § é s g ;nuu. CHARACTER g 'g' g g
2 £ §
|t i HL z a g LITHOLOGIC DESCRIFTION g i : £z 5 LITHOLOGIC DESCRIFTION
A E 5 ! i §(3| 0| cnamc HEEE H é E 5| 2 | cnumue g @
w s 2|8 HEHE E uTHoLoay | 3 |2 ¢ g 3 R LITHOLOGY 3 E
HHHHHEREHEHEE HEIE HHHHHBEHHHEE HE
! | CHALK and CALCAREOQUS OOZE and MINOR UNLITHIFIED RUD- j 1 mo e I CHALK and CALCAREQUS OOZE. Strong odor of hydrogen sulfide.
3 0.5 | STONE (probably drilling breccia). Strang odor of hydrogan sulfide. ;; osjofEetsl | 1
2 & =) B CHALK and CALCAREOUS QOZE intercalated, white (10YR 8/1),
S 1 E'nz | 1 CHALK and CALCAREDUS DOZE intercalated, white (10YR 8/1), ; 1 p ] occurs core. Slight , more visible in OOZE
=] I occurs throughout core with minor lithalogies interbedded. Slight hodl= e = I intervals. Some OOZE/CHALK couplets are present. Some CHALK
101" i biaturbation, mare visible in OOZE intervals. No pyrite observed, e SRS SR 1 is fractured (probably by drillingl. Relative proportions of OOZE
; == CHALK is fractured (probably by drilling]. Some DOZE/CHALK E Paoos 1 and CHALK vary.
§ o] [y couplets are presant. Relative proportions of OOZE and CHALK i e = | SMEAR SLIDE SUMMARY
X ] oo L :
=5, I ) vary _n.:.':'.:.ﬂ —— e
& UNLITHIFIED RUDSTONE, white (10YR 8/1), occurs in Section 8 T | 275 475 675
IlE | | 1,2333 cm. Contains chalky clasts up to 2 em dismeter; is probably iz T er= |
|, it drilling breccia. N EHE —:u:.z.:":"-a-‘:' |1 [«| comeosition:
A 4 oo
| SMEAR SLIDE SUMMARY (%): ==l Calcite w5 s
Io o oo Foraminifers 5 5 10
225 475 675 oo Nannofousils B 25 20
= | oD D D R = | Tunicate Spicules T T Tr
= o o Skeletal Fragments ] 5 5
i ] t COMPOSITION: § = ] ! Clasts 5§ 5 -
" S RRE ] F5 | Micrite 60 56 60
o = 3 1 oo l Calcite 20 20 - = 3 it
z 1 T e Foraminifers T T = i H B =252
w2 B = s I | Nannafossils 10 A ("] 10 - i S I 1
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SITE 631 HOLE A CORE 13X CORED INTERVAL 1210.7-1220.3 mbal; 119.2-128.8 mbsf SITE 631 HOLE A CORE 14X CORED INTERVAL 1220.3-1229.9 mbsi; 128.8-138.4 mbsf
BIOSTRAT. ZONE | [ BIOSTRAT, ZONE | [
E | FOSSIL CHARACTER 13 Elm E | FOSSIL CHARACTER B 5
3 lel2lz 4 HE 5[elale —_Eg L
§ HEIE £l a LITHOLOGIC DESCRIPTION E £ g 2 HEE 8 E LITHOLOGIC DESCRIPTION
R S H E z| @ | omamc [Z[E|2 2|2 4 i g | @ g @
gg;;_ ‘g!_:mmmmnvﬂd; ;g;eg Sggé.lMMvJE§
2 B 2
HHEHEHEEHHEHE HE HHHHEBHEHBLE HE
EEsas==x
o = Pl
% 4= | | CHALK and CALCAREOUS OOZE. Strong odor of hydrogen sulfide, % - [ CHALK and CALCAREQUS OOZE. Strong odor of hydrogen sulfide,
] Ju|Taaa
0.5+ oood 0.5
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