12. SITE 6971

Shipboard Scientific Party?

HOLE 697A

Date occupied: 3 March 1987, 1130 local time
Date departed: 4 March 1987, 1645, local time
Time on hole: 29 hr, 15 min

Position: 61°48.634'S, 40°17.27'W

Bottom felt (m, drill pipe): 3491

Distance between rig floor and sea level (m): 11
Water depth (drill-pipe measurement from sea level, m): 3480
Penetration (m): 20.9

Number of cores: 3

Total length of cored section (m): 20.9

Total core recovered (m): 26.60

Core recovery (%): 130

Oldest sediment cored:
Depth sub-bottom (m): 19.5
Nature: Clayey mud

Age: Quaternary
Measured velocity (km/s): 1.498

HOLE 697B

Date occupied: 4 March 1987, 1645 local time
Date departed: 7 March 1987, 1330 local time
Time on hole: 69 hr, 15 min

Position: 61°48.626'S, 40°17.749'W

Bottom felt (m, drill pipe): 3491

Distance between rig floor and sea level (m): 11
Water depth (drill-pipe measurement from sea level, m): 3480
Penetration (m): 322.9

Number of cores: 32

Total length of cored section (m): 304.9

Total core recovered (m): 188.27

Core recovery (%): 62

Oldest sediment cored:
Depth sub-bottom (m): 320.1
Nature: Silty mud
Age: early Pliocene
Measured velocity (km/s): 1.601

Principal results: Site 697 lies in Jane Basin, in 3480 m water depth, and
is the deepest member of a three-site depth transect on the northern
margin of the Weddell Gyre. Jane Basin formed at 25-30 Ma ago as
a back-arc basin separating the then-active island arc of Jane Bank
from the South Orkney microcontinent (SOM). Sediments in Jane

! Barker, P. F,, Kennett, J. P, et al., 1988. Proc. ODP, Init. Repts., 113; Col-
lege Station, TX (Ocean Drilling Program).

2 Shipboard Scientific Party is as given in the list of participants preceding the
contents.

Basin extend back to the upper Oligocene, but a prominent reflector
of probable middle Miocene age, at 550 ms twt (two-way traveltime),
separates a lower terrigenous and volcaniclastic turbidite sequence
from an upper hemipelagic sequence which was the target for Leg
113 drilling. Antarctic Bottom Water flows northward through Jane
Basin, and the hemipelagic sediments promised a high-resolution re-
cord of bottom-water production and sediment transport in the past.

Two holes were drilled in 4 days, 2 hr, and 30 min, 3-7 March,
1987. With Hole 697A we penetrated to 20.9 mbsf and recovered
26.60 m (130%) in 3 APC cores. We abandoned the hole when the
Advanced Hydraulic Piston Corer (APC) could not be retracted. In
Hole 697B we washed to 18.0 mbsf, cored to 322.9 mbsf, recovering
188.27 m (62%) in 11 APC and 21 Extended Core Barrel (XCB)
cores; the hole was abandoned when time ran out.

The sedimentary sequence is mainly hemipelagic, with a minor
siliceous biogenic component and numerous thin, altered, volcanic
ash layers. Ice-rafted detritus (IRD) occurs throughout, but is abun-
dant only near the base of the sequence.

Lithologic units are Unit I: 0-293.0 mbsf, silty and clayey mud,
with variable diatom content, as thin laminae and disseminated.
Subunit IA, 0-15.5 mbsf, is upper Quaternary silty mud and dia-
tom-bearing silty mud; Subunit 1B, 15.5-85.7 mbsf, is upper Plio-
cene to Pleistocene clayey mud and clay, devoid of diatoms but for
one core; Subunit IC, 85.7-293.0 mbsf, is Pliocene, mainly diatom-
bearing clayey mud. Unit II: 293.0 to 322.9 mbsf is lower Pliocene
silty and clayey mud, without diatoms.

Only four thin turbidites were found, three beween 161 and 162
mbsf. Volcanics are ash altered to smectite, disseminated glass, and
thin vitric ash layers. Illite and chlorite dominate the clay minerals,
varying more smoothly than at other sites.

The biogenic component is siliceous: diatoms dominate, fluctu-
ating in abundance and preservation but including a few, thin, pris-
tine ooze interbeds. Generally, biosiliceous abundance and preserva-
tion vary with time and between taxonomic groups as at other, shal-
lower sites, but with less amplitude.

Magnetostratigraphic zonation is precise, and indicates high and
smoothly-varying sedimentation rates, of as much as 150 m/m.y. for
the Gilbert to the middle Gauss and 40 m/m.y. to the upper Brun-
hes. The biostratigraphy is in agreement.

The expanded section at Site 697 provides a high-fidelity magne-
tostratigraphic record with opportunities for calibration of high-lati-
tude biosiliceous zonations and paleoceanographic studies. The Blake
Subchron occurs as a doublet at 4 mbsf, confirming its global range
and reversed nature. Whole-core susceptibilities may reflect orbi-
tally-induced changes in sediment composition. Volcanic ash beds
can provide additional correlation between South Orkney transect
sections, particularly useful for high-resolution studies of bottom-
water variability.

Quaternary sedimentation rates are more than five times higher
than at any other Leg 113 site, and indicate continued sediment sup-
ply and bottom-water nepheloid transport in the Weddell Gyre de-
spite contrary indications elsewhere. This suggests changes in the
distribution and mode of formation of turbidity currents along the
West Antarctic and Antarctic Peninsula margins of the Weddell Sea.

BACKGROUND AND OBJECTIVES

Site 697 is the deepest of a three-site depth transect of the
southeast margin of the South Orkney microcontinent (SOM).
It lies near 61°49'S, 40°17'W, in 3480 m of water, in Jane Basin
(Fig. 1). It is located on the single-channel seismic reflection
profile BRANS801-E (Birmingham University/British Antarctic
Survey; Figs. 2 and 3).
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Figure 1. Regional setting of Site 697 showing deep-water pathways (arrowed) available for bottom-water flow into and out of Jane Basin (after Pud-

sey, et al., in press). SOM = South Orkney microcontinent.

Jane Basin was formed as a back-arc basin 25-30 Ma ago,
when Jane Bank, then an active island arc subducting oceanic
lithosphere of the South American plate, separated from the
SOM (Barker et al., 1984; Lawver et al., 1986; King and Barker,
1988). The sediments in Jane Basin thus extend back into the
upper Oligocene. At a depth of about 500 m at the site, a prom-
inent reflector marks a change in the dominant mode of sedi-
mentation. The overlying sediments appear hemipelagic, in that
they are draped evenly over the subdued topography of the re-
flector and pinch out at the western, SOM margin of the basin
(Fig. 3). The underlying sediments, in contrast, do not pinch
out, and appear to be derived directly from both the SOM and
the now-dead island arc of Jane Bank. From radiometric ages
of dredged rocks from the island arc, volcanic activity ceased
15-20 Ma ago, shortly after subduction stopped (Barker et al.,
1984). The younger, hemipelagic mode of deposition therefore
extends back no further than the early middle Miocene.

Site 697 forms part of a depth transect intended to examine
the history of the circum-Antarctic water masses. At present,
Antarctic Bottom Water (AABW) flows through Jane Basin as
part of the general clockwise circulation of the Weddell Gyre
(for an overview, see Foster and Middleton, 1979, 1980). The
densest variety of AABW, designated Weddell Sea Bottom Wa-
ter (WSBW), is probably formed by a series of mixing processes
in the southern Weddell Sea, which modify the Warm Deep Wa-
ter by the addition of brine from beneath forming sea-ice, and
water which has been supercooled beneath the floating ice
shelves. Most of the densest AABW so formed either flows
northward out of the Weddell Sea along deep pathways, or re-
circulates within the gyre. Some, slightly less dense, bottom wa-
ter flows north along Jane Basin and into the Scotia Sea through
gaps in the South Scotia Ridge.

Sediments in Jane Basin should therefore provide informa-
tion about bottom-water production, circulation, and transport
in the past. Gravity cores near the site recovered fine-grained
hemipelagic sediments which show fluctuations in grain size,
and diatom abundance and preservation, which may reflect Qua-
ternary glacial/interglacial cyclicity (Pudsey et al., in press). Sedi-
mentation rates appear high (average about 30 m/m.y.); if these
high rates extend through the Pleistocene, Site 697 would have
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the highest Pleistocene rate by far of any Leg 113 site. During
the Pliocene too, the higher siliceous biogenic productivity and
apparently abundant hemipelagic component found at Sites 693
and 695 promise an expanded section. In the time available at
the end of the leg, it seemed possible to sample also the lower-
most Pliocene and uppermost Miocene, to see what was the
fine-grained equivalent of the massive coarse sands found at
Site 694 in the Weddell Basin.

The site was moved about 10 km west from the original loca-
tion, to make the deeper layers more accessible, in view of the
limited time available for drilling. A single APC/XCB hole was
intended, to consume all of the time remaining on the leg.

OPERATIONS

Site 697 is 74.9 nmi east of Hole 696B. The ship reached full
speed ahead at 0432 hr on 2 March 1987, and the area of Site
697 was reached late on the morning of the same day.

Hole 697A

The dropping of the beacon was delayed 3 hr while waiting
on approval from the Pollution Prevention and Safety Panel to
move the location about 6 mi. Beacon # 335, 15.5 kHz, was
launched at 61°48.74'S, 40°17.40'W, at 1420 on 2 March.

The hole was to be APC/XCB cored. A used 11-7/16-in. bit
MSDS-S695 with the mechanical release was run. The remain-
der of the bottom-hole assembly was the usual 14-drill-collar
one which had been run on nearly all the holes. Weather condi-
tions were deteriorating as the drill pipe was started in the hole.
Winds were gusting to 40-50 kt and the seas were building past
20 ft in height. The weather did not stop the pipe-running oper-
ation but the resulting ship motion did slow the trip. This was
the first time on the leg that weather hampered operations, ex-
cluding ship transit.

The water depth indicated by the precision depth recorder
(PDR) was 3495.3 m. The bit was positioned at 3491 m for the
first core. Ship heave was in the range of 3 m, and coring the
mud line under these conditions is at best unpredictable. The
first core contained 8.93 m and established the seabed at 3491 m
below the rig floor (3480 mbsf). The co-chief requested the first
four cores be double-cored because of the large amount of heave;



62°S

South Orkney microcontinent
Contours in meters

40°

Figure 2. ODP sites on southeast margin of SOM and in Jane Basin, showing location of single channel seismic profile BRAN801-E.

the bit was advanced less than the normal 9.5 m each core. It
was hoped that this practice would reduce the amount of miss-
ing section caused by ship heave.

Three piston cores were taken to a depth of 20.9 mbsf
(Table 1). After shooting the third core, the inner core barrel be-
came stuck and could not be pulled out of the bottom hole as-
sembly with the wire line. It was necessary to trip the drill pipe
out of the hole. It was expected that the reason the barrel could
not be pulled was that it had been bent, either from hitting a
rock or by the ship heaving. When the bit reached the surface
about 65% of the barrel was projecting below the bit and the
barrel was not damaged. The latch, a suspected problem, had
released properly and the seals of the piston were positioned in-
side the outer barrel in a normal location. There was no visible
sand or other material holding the inner barrel in place. There is
little doubt that the seals were stuck, but there were no marks
on the seals or on the metal retainers that hold them in place. It
is speculated that a piece of shear pin may have been caught be-
tween the seals and outer barrel where the clearance is only
0.05 in., but there was no damage or mark to support this con-
clusion.

As a precaution against unseen damage the outer barrel was
laid down and replaced. The bottom-hole assembly was run down
the hole a few stands and the APC was test fired and retrieved
with no problem.

Hole 697B

The mechanical bit release was laid down and the drill pipe
run in the hole. Hole 697B was spudded at 0400 on 4 March.
The first core was washed to 18.0 m to provide a little overlap
with Hole 697A. Piston coring continued to 119.8 mbsf where a
pullout of 60,000 Ib indicated the necessity of switching to the
XCB system. A total of 75.61 m was recovered from the 101.8-m
APC interval (Table 1). Coring was routine except for the con-
tinued problem of ship heave which resulted in the shearing of
the pins in the core retrieve overshot.

Cores 113-697B-12X to 113-697B-32X were from 119.8 to
322.9 mbsf. Except for one shattered liner the operation was
routine. The last core reached the surface at 0330 on 7 March.
The proposed total depth had not been reached but there was no
time remaining in the leg to continue the operation. The drill
pipe was secured on the ship in the early afternoon of 7 March,
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Figure 3. Seismic profile BRAN8BO01-E showing original (W6) and revised position of Site 697.

thrusters were pulled, and the JOIDES Resolution departed for
East Cove in the Falkland Islands at 1330.

LITHOSTRATIGRAPHY

Introduction

Site 697 was cored to a depth of 322.9 mbsf and a total of
215 m of sediment recovered from two holes (Fig. 4). The sedi-
mentary sequence is mainly of hemipelagic origin, with a small
siliceous biogenic component and numerous thin, altered ash
layers. Ice-rafted detritus (IRD) is only abundant near the base
of the sequence. Two lithologic units are recognized, the upper
one being divided into three subunits (Table 2). Recovery at this
site was generally good and drilling disturbance is severe in only
a few cores (Cores 113-697A-2H, 113-697B-5H, 113-697B-12X,
and 113-697B-23X).

Unit I (0-293.0 mbsf; Age late Pleistocene to early Pliocene)
Cores 113-697A-1H through 113-697A-3H; 113-697B-1H through
113-697B-29X

Unit I is nearly 300 m thick and has been divided into three
subunits using the proportion of diatoms in the sediment, esti-
mated from smear slides (Fig. 5). The unit includes silty and
clayey mud, diatom-bearing silty and clayey mud, clay, and dia-
tom clayey mud as major lithologies. Each subunit is described
in detail below but the following remarks apply to the whole
unit.

Volcanic ash (altered to clay) occurs throughout Unit I and
comes in two main varieties: (1) dark gray (N 4/0) to very dark
gray (N 3/0) clay, forming laminae or filling burrows; (2) green-
ish gray (5G 5/1) to dark greenish gray (5G 4/1) clay, forming
very thin beds 1-2 cm thick. The occurrence of these two types,
termed gray and green respectively, is shown in Figure 4. The
amount of ash varies downcore but has not been used to create
subunits; color contrasts with the surrounding sediment are faint,
and the ash beds are difficult to see in disturbed cores. Green
layers are commonly but not invariably found overlying gray
laminae. A few coarser vitric ash beds occur in Subunits IA and
IC and are described below.
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IRD is present throughout Unit I but is nowhere abundant.
Sedimentary dropstones predominate although metamorphic and
igneous rocks are also found. Most are less than 2 cm across but
some are as large as core-liner diameter in size (7 cm). Most are
rounded or subrounded.

Subunit IA (0-15.5 mbsf; late Pleistocene)
Core 113-697A-1H through Sample 113-697A-3H-3, 125 cm;
thickness 15.5 m

Subunit IA consists of silty mud and diatom-bearing silty
mud, predominantly gray (5Y 6/1, 5Y 5/1) in the upper 5 m and
greenish gray (5G 5/1, 5GY 5/1, 5BG 5/1) from 5 to 13 mbsf,
becoming dark gray to dark greenish gray (N 4/0, 5G 4/1, 5BG
4/1) at the base. This color change is accompanied by a down-
ward increase in fine-grained sediments (Fig. 6). Minor biotur-
bation is present where not obliterated by drilling disturbance.
Diatom-bearing and barren silty mud alternate in cycles about
2 m thick (Fig. 7) continuing the pattern seen in nearby gravity
cores (see “Background and Objectives” section, this chapter).
Diatom occurrence is not related to color changes. In Sample
113-697A-2H-5, 45-85 cm, there is a diatom ooze layer com-
posed mainly of Corethron criophilum. The proportion of other
diatom species and of clay increases toward the base of this ooze
layer.

Two very dark grayish brown (2.5Y 3/2) fine-grained ash beds
occur in 113-697A-1H-2; they have sharp contacts with the sur-
rounding mud. Subunit IA contains 5%-10% of volcanic glass
(estimated from smear slides: Fig. 5).

Subunit IB (15.5-85.7 mbsf; late Pliocene to Pleistocene)
Sample 113-697A-3H, 125 cm, through Section 113-697A-
3H, CC; Cores 113-697B-1H through 113-697B-7TH; thickness
70.2 m

Subunit IB consists of clayey mud and clay, with diatoms
rare to absent except for one interval in Core 113-697B-4H. Color
is very uniform, mainly dark gray (N 4/0) shading to dark green-
ish gray (5GY 4/1), 5G 4/1, 5BG 4/1); all color changes are sub-
tle and gradational. Faint minor to moderate bioturbation is
seen throughout the subunit. Very small (1-2 mm) clasts of an-
gular quartz silt occur sparsely in all cores except Core 113-



Table 1. Coring summary, Site 697.

Date
Core (March Depth Cored Recovered Recovery
No. 1987)  Time (mbsf) (m) (m) (%)
113-697A-
1H 3 0145 0-8.9 8.9 8.93 100.0
2H 3 0345 5.3-14.9 9.6 9.57 99.7
3H 3 1515 11.3-20.9 9.6 8.10 84.4
1 60
113-697B-

1H 4 0615 18.0-27.5 9.5 2.86 30.1
2H 4 0830 27.5-37.1 9.6 9.54 99.4
3H 4 1200 37.1-46.8 9.7 10.15 104.6
4H 4 1430 46.8-56.5 9.7 9.12 94.0
SH 4 1800 56.5-66.2 9.7 7.27 74.9
6H 4 2000 66.2-76.0 9.8 5.16 52.6
TH 4 2130 76.0-85.7 9.7 6.32 65.1
8H 4 2330 85.7-95.4 9.7 8.25 85.0
9H 5 0130 95.4-104.7 9.3 5.70 61.3
10H 5 0330 104.7-114.3 9.6 5.78 60.2
11H 5 0630 114.3-119.8 5.5 5.46 99.3
12X 5 0915  119.8-128.6 8.8 4.20 47.7
13X 5 1145  128.6-138.2 9.6 6.59 68.6
14X 5 1345 138.2-147.9 9.7 9.74 100.0
15X 5 1530  147.9-157.5 9.6 9.56 99.6
16X 5 1715 157.5-167.2 9.7 8.64 89.1
17X 5 1915 167.2-176.9 9.7 9.71 100.0
18X 5 2045  176.9-186.6 9.7 0.37 3.8
19X 5 2230  186.6-196.2 9.6 7.22 75.2
20X 6 0030  196.2-205.9 9.7 9.63 99.3
21X 6 0400  205.9-215.5 9.6 3.12 32.5
22X 6 0600  215.5-225.2 9.7 3.63 37.4
23X 6 0800  225.2-234.8 9.6 1.46 15.2
24X 6 1000  234.8-244.5 9.7 1.12 11.5
25X 6 1215 244.5-254.2 9.7 3.36 34.6
26X 6 1415  254.2-263.9 9.7 5.40 55.7
27X 6 1615 263.9-273.6 9.7 2.54 26.2
28X 6 1830  273.6-283.3 9.7 5.37 55.3
29X 6 2030  283.3-293.0 9.7 3.90 40.2
30X 6 2230  293.0-302.6 9.6 5.64 58.7
31X 7 0015  302.6-312.2 9.6 4.61 48.0
32X 7 0315 312.2-3229

10.7 6.88 64.3
188.27

697B-5H which has been homogenized by drilling. An (as yet)
unidentified mineral, probably a zeolite, forms as much as 20%
of the sediment in Subunit IB (Fig. 5). Its occurrence is cyclic on
a scale of 10 m.

Diatoms occur abundantly only in Sections 113-697B-4H-3,
113-697B-4H-4, and 113-697B-4H, CC; these sections contain a
total of eight laminae of diatom ooze and clayey diatom ooze,
which are lighter colored than the surrounding mud, i.e., gray
(5Y 5/1).

Subunit IC (85.7-293.0 mbsf; Pliocene)
Cores 113-697B-8H through 113-697B-29X; thickness 207.3 m

Subunit IC consists mainly of diatom-bearing clayey mud,
with clayey mud near the top, diatom clayey mud around 150
mbsf and clay toward the base (Figs. 5 and 6). Color variations
are minor and include dark gray (N 4/0) and dark greenish gray
(5G 4/1, 5GY 4/1, 5BG 4/1) with some dark bluish gray (5B
4/1). The exact color appears to depend more on the recorder
than on grain size or composition. Bioturbation is generally mi-
nor (moderate in Cores 113-697B-14X and 113-697B-19X). Very
small (1-2 mm) gray (5Y 6/1) clasts of quartz silt occur in most
cores in Subunit IC but are less common in Cores 113-697B-27X
through 113-697B-29X.

Diatoms commonly form 10%-30% of the sediment in Sub-
unit IC and even in those sediments classified as clay or clayey
mud, the diatom content is usuallly at least 5% (Fig. 5). Diatom
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ooze and clayey diatom ooze occur in laminae in Cores 113-
697B-13X (9 laminae, silicoflagellates common in addition to
diatoms; Fig. 8), 113-697B-14X (11 laminae), 113-697B-15X (12
laminae); and as rare small clasts or thin beds in Cores 113-
697B-16X, 113-697B-17X, 113-697B-19X, and 113-697B-21X.
Also, Core 113-697B-15X contains abundant diatom ooze lami-
nae forming 10%-20% of the sediment from Sample 113-697B-
15X-1, 120 c¢m, to 113-697B-15X-2, 76 cm.

Authigenic pyrite occurs widely in Subunit IC, generally fill-
ing small burrows 3-4 mm in diameter and 1-2 cm long. It is
most abundant in Cores 113-697B-26X through 113-697B-28X.
Unusual occurrences include pyritized diatom ooze layers in Sec-
tion 113-697B-9H-4 at 78 cm; Section 113-697B-15X-2 at 32 cm;
and Section 113-697B-19X-4 at 90 cm. Fine-grained carbonate,
probably dolomite or siderite, forms 10%-20% of the sediment
around 200 mbsf (Fig. 5; Sections 113-697B-19X-5 through 113-
697B-20X-3). Carbonate silt also occurs rarely as small clasts or
burrowed layers in Cores 113-697B-8X, 113-697B-14X, 113-
697B-15X, 113-697B-17X, and 113-697B-20X.

In Section 113-697B-16X-3 there are three graded silt layers
interpreted as fine-grained turbidites (Fig. 9). Each has a sharp
base (slightly disturbed by coring) and a burrowed top. Another
silt layer in Section 113-697B-29X-3 is not apparently graded,
contains three small dropstones and is burrowed throughout:
this may be a lag deposit representing a period of relatively
strong bottom currents (Fig. 10). Five very dark grayish brown
(2.5Y 3/2) vitric ash laminae occur at around 150 mbsf (Sam-
ples 113-697B-13X-3, 30 cm (Fig. 8); 113-697B-14X-1, 42, 81,
and 111 em; 113-697B-15X-2, 75 cm).

Unit I (293-322.9 mbsf; Age Pliocene)
Cores 113-697B-30X through 113-697B-32X; thickness 29.9 m

Unit II is distinguished from Unit I by the absence of dia-
toms (Fig. 4), a coarser grain-size (Fig. 5) and the abundance of
IRD. Silty mud and clayey mud are the major lithologies, with
“weathered minerals” and rock fragments prominent in the
smear slides. Colors are similar to Unit I: dark gray (N 4/0) and
dark greenish gray (5G 4/1, 5BG 4/1). Thin layers of altered
volcanic ash continue down from Unit I (Fig. 4) and pyrite is
present as a few small (2 cm) concretions. The sediment is tran-
sitional between mud and mudstone and is severely biscuited,
making it difficult to observe sedimentary structures. Minor bio-
turbation is noted, including identifiable Zoophycos, Chon-
drites, and Planolites.

Sand-sized IRD is common in this unit and 28 dropstones
were identified in the 17 m of recovered sediment, compared
with 42 in the 171 m recovered in Unit 1. Again, rounded to sub-
rounded sedimentary rocks predominate although igneous and
metamorphic rocks also occur.

Core 113-697B-32X contains two distinctive minor litholo-
gies. In Samples 113-697B-32X-2, 74-75 cm, and 146-147 cm,
there are very thin beds of vitric ash containing pristine glass,
and in Sample 113-697B-32X-4, 94-101 cm, there is a graded
laminated silt bed with some cross-lamination at the base
(Fig. 11). This may be a turbidite.

Conclusion

Hemipelagic and pelagic sedimentation processes are respon-
sible for the great majority of sediment recovered at Site 697. It
is evident from Figures 5 and 6 that productivity and/or preser-
vation of diatoms, and grain-size of terrigenous sediment, have
varied considerably in Jane Basin. Diatom content and grain
size are cyclic on a scale of tens to hundreds of meters (unit and
subunit scale) and also on a scale of meters (Fig. 7). Diatom
content may be related to sea-ice cover, and grain size to bot-
tom-water velocity or to changes in sediment sources: further
study of this sequence may therefore yield valuable data on the
history of glaciation and bottom-water flow.
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Figure 4. Recovery, lithologic units, and occurrence of altered volcanic ash layers, Site 697. Number of
ash layers normalized for core recovery. Solid line = gray ash; dotted line = green ash.

Table 2. Lithologic units at Site 697.

Depth
Unit  Subunit Lithology (mbsf) Age
I 1A Silty mud and diatom- 0-15.5 Late Pleistocene
bearing silty mud
IB Clayey mud and clay 15.5-85.7 Late Pliocene to
Pleistocene
IC Diatom-bearing clayey 85.7-293.0  Pliocene
mud; also mud,
diatom clayey mud
clay
II Silty mud and clayey mud = 293.0-322.9  Pliocene

with ice-rafted
detritus
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Clay Mineralogy

X-ray diffraction analyses were completed on 34 samples from
Holes 697A and 697B (Fig. 12). The objectives of the clay min-
eral studies at Site 697 are (1) to recognize the major paleoenvi-
ronmental changes as expressed by the clay associations (using a
sampling interval of one per core); (2) to examine the cyclical
variations of the clay associations, in relation to slight lithologi-
cal changes expressed by the changing color of the sediment (us-
ing a sampling interval of one per color change); (3) to compare
the clay associations with those observed at other sites in the
Weddell Sea and in the adjacent Falkland Plateau area.

Results

The clay minerals identified include chlorite, illite, kaolinite,
and smectite (Fig. 12). Based on the relative abundances of the
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Figure 5. Composition of sediments at Site 697, estimated from smear slides.

clay species, three units (C1 to C3) have been identified at Site
697.

Unit C1 extends from the seafloor to 33 mbsf, is Pleistocene,
and consists of illite (abundant), chlorite (common), smectite
(rare to abundant), and kaolinite (rare to common).

Unit C2 extends from 33 to 56 mbsf, is Pleistocene, and has a
clay association of illite (abundant), chlorite (common to abun-
dant), kaolinite (rare to common), and smectite (absent to com-
mon).

Unit C3, Pliocene, extends from 56 mbsf to the bottom of
Hole 697B at 322.9 mbsf and consists of illite and chlorite (com-
mon to abundant), and kaolinite and smectite (rare to common).

Paleoenvironmental History

At Site 697, clay associations contain common to abundant
smectite throughout the sedimentary sequence, and differ from
the clay mineral associations of the shallower sites on the South
Orkney microcontinent (Sites 695 and 696). At these sites, smec-
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tite was less abundant than at Site 697 during the late Neogene
and especially during Pliocene time.

Site 697 clay associations probably originate partly from the
removal of ancient smectite- and kaolinite-rich sediments crop-
ping out on the Antarctic margin, as was also observed on Maud
Rise (Sites 689 and 690) and in the Weddell Basin (Site 694) dur-
ing the Neogene. Very similar clay associations at Site 697 and
694 also suggest that the clay minerals in Jane Basin originate
mainly from southern regions of West Antarctica.

Unit C3 (lower Pliocene to Pleistocene) is characterized by
common or abundant smectite, mainly eroded from ancient sedi-
ments of the Antarctic margin. This unit stratigraphically corre-
sponds to Units C1 to C3 at Site 695, but Unit C2 at Site 695
was characterized by sporadic rare smectite and abundant chlo-
rite. This unit is lacking at the adjacent Site 697 (located in
deeper water). However, a slight increase of the chlorite content
occurs in Cores 113-697B-17X through 113-697B-21X. From
Core 113-697B-13X upward, a slight increase in kaolinite (which
has not been recorded in shallower waters) could correspond to
a modification of the detrital supply.

Unit C2 (Pleistocene) is characterized by higher chlorite and
lower kaolinite and smectite contents, suggesting that erosion of
sediments decreased while detrital supply from poorly developed
soils (extending over the partially glaciated areas) increased. A
similar event has been recorded at DSDP Site 513 in the Falk-
land Plateau area (Robert and Maillot, 1983). The mineralogic
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change correlates with a decrease in Antarctic Bottom Water
production observed in the South Atlantic Subantarctic area
(Ledbetter and Ciesielski, 1982).

Unit C1 (Pleistocene) is characterized by increasing smectite
and decreasing chlorite contents. Low abundances of chlorite
probably result from reduced pedogenesis in the source area,
and increased abundances of smectite may reflect a resumption
of erosion of ancient sediments on the Antarctic margin. The
mineralogic change suggests that a cooling, associated with en-
hanced circulation, occurred just above the Matuyama/Brunhes
boundary.

Alternating gray (5Y 5/1) and greenish gray (5G 5/1) sedi-
ments, and also dark greenish gray (5G 4/2) laminae of devitri-
fied volcanic ash have been studied in Section 113-697A-1H-3.
Smectite content is higher in the gray than in the greenish gray.
Gray sediments were probably deposited during colder periods.
Similar variations have been previously described from the up-
per Pleistocene sediments off East Antarctica (Grobe, 1986).
Dark greenish gray laminae contain abundant smectite, this min-
eral being rare in the surrounding greenish gray sediment. This
difference in the smectite content suggests that the volcanic ma-
terials in the dark greenish gray laminae are partially altered into
smectite. This result correlates with data obtained from similar
laminae of devitrified volcanic ash from the Southwest Pacific
(Gardner et al., 1985). Further detailed studies will elucidate the
influence of greenish gray laminae upon clay assemblages.

BASEMENT ROCKS
No Basement Rocks section was done for Site 697.
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Figure 8. Subunit IC, laminae of diatom ooze (arrows) in Section 113-
697B-13X-3. Lamina of dark brown vitric ash at 30 cm. Section 113-
697B-13X-3, 22-32 cm.

PHYSICAL PROPERTIES

Index properties measured on samples selected from the most
intact portions of cores are listed in Table 3. Profiles of bulk
density, water content (dry basis), and grain density are illustrated
in Figure 13. A profile of porosity is illustrated in Figure 14.

The clayey sediments of Site 697 display index properties,
bulk density, water content, and porosity that are typical of a
normally-consolidated clayey marine section. The bulk density
increases at a steady rate below 14.4 mbsf. The rate of increase
is 0.0116 g/cm®/m for the upper 14.4 m and 0.00077 g/cm?*/m
for the interval between 14.4 and 313.7 mbsf. Bulk density ranges
from 1.34 g/cm? at 12.1 mbsf to 2.15 g/cm? at 275.7 mbsf. Wa-
ter content decreases steadily downhole below 14.4 mbsf. The
water content gradient for the upper 14.4 mbsf is 2.58%/m,
and 0.08%/m for the interval between 14.4 to 313.7 mbsf. The
water content ranges from 179% at 12.1 mbsf to 34% at 284.1
mbsf. Grain density increases downhole and averages approxi-
mately 2.79 g/cm?®. Porosity decreases at the rate of 0.979 %/m
over the interval from 0 to 14.4 mbsf and 0.022%/m from 14.4
to 240 mbsf. From 240 to 313.7 mbsf the rate of decrease is
0.136%/m. The average porosity for Site 697 is 58%.

Shear Strength

The undrained shear strength of the sediment was determined
using the ODP Motorized Vane Shear Device. Standard 1.2-cm
equidimensional miniature vanes were used with the device. Its
operation and calculations follow procedures outlined in the
Physical Properties Handbook (used on the ship). Strength mea-
surements were made on the least disturbed sections of the cores.

SITE 697

cm

70 p—

80 —

Figure 9. Subunit IC, graded silt beds (bases at approximately 68, 73,
76 cm) interpreted as distal turbidites. Minor coring disturbance. Sample
113-697B-16X-3, 60-80 cm.

The shear strengths determined for Site 697 are listed in Ta-
ble 4 and illustrated in Figure 15. The shear strength varied over
a wide range of values at similar depths in the interval between
90 and 318 mbsf. Shear strength steadily increased at the rate of
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Figure 10. Subunit IC, ungraded silt bed containing three dropstones.
The largest dropstone is biotite schist and the other two are mudstones.
Sample 113-697B-29X-3, 19-28 cm.

1.23 kPa/m from 0 to 90 mbsf. From 90 to 250 mbsf it increased
at the rate of 0.316 kPa/m but fluctuated by as much as 150 kPa
over several meters. From 250 to 313 mbsf the shear strength in-
creased 2.86 kPa/m, the largest shear strength gradient at Site
697. The overall gradient for shear strength is 0.083 kPa/m.

Shear strength reflects the condition of the cored sediments
more than any other parameter. Examination of Figure 15 indi-
cates that the recovered sediments are obviously highly disturbed
and in some cases completely remolded or reconstituted. The
age of the sediments and the index properties indicate that the
sediments at Site 697 are normally consolidated; the strength
data suggest otherwise. Assuming hydrostatic pressure as the
equilibrium pore pressure of this site, vertical stresses were cal-
culated using bulk density data. Effective overburden stresses
(P’) were determined so that the ratio of undrained shear
strength (Cu) to effective overburden stress (Cu/P’) could be
calculated. The ratio (Cu/P') gives an indication of the degree
of consolidation or strength deviation from that expected of a
normally-consolidated clayey sediment. Clayey sediments that
are normally consolidated have (Cu/P') values between 0.2 and
0.5. Site 697 sediments have average (Cu/P’) values that are
much less than 0.2 and in many samples, values less than 0.1.
This indicates that the sediments at Site 697 are highly under-
consolidated. The age of the sediment and the character of the
index properties contradict the interpretation that the sediments
are highly underconsolidated. The reduced strength is therefore
interpreted to be a result of disturbance due to the remolding of
the sediment during the drilling and coring process.

Compressional Wave Velocity

Sonic velocity (V) in sediments is measured using two meth-
ods. First, a continuous measurement of V, was made through
the unsplit core using a P-wave logger (PWL) installed next to
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Figure 11. Unit II, graded silt bed (90-100 cm), cross-laminated near the
base. Note sand-sized IRD (black spots) in underlying silty mud. Sam-
ple 113-697B-32X-4, 90-106 cm.

the Gamma Ray Attenuation Porosity Evaluator (GRAPE)
source and detector. Second, measurements were made by the
use of the Hamilton Frame on individual samples removed from
the core with one measurement from every other core section.
Velocity was measured in only one direction, usually perpendic-
ular to the long axis of the core.

The results of velocity measurements made on the Hamilton
Frame are listed in Table 5 and illustrated in Figure 16. Some of
the velocity data were lost due to a malfunction of the Hamilton
Frame Velocimeter. Velocity increased downhole at an overall
rate of 0.50 m/s/m. Over the interval, 0-18.9 mbsf, the rate of
increase is 2.30 m/s, 4.6 times larger than the overall gradient.
The average velocity in the upper 18.9 m is 1480 m/s, a very low
average velocity, the lowest for Leg 113. The average velocities
for Site 697 over the following intervals are:



Hole/sample (cm) Chiorite Ilite

Kaolinite Smectite

SITE 697

Clay
minera-
logical

units Stratigraphy

697A-1H-3, 55
697A-1H-3, 94
697A-1H-3, 113
697A-2H-3, 114
697A-3H-3, 114
697B-1H-1, 115
697B-2H-3, 114
697B-3H-3, 115
697B-4H-3, 114
697B-5H-5, 78
697B-6H-3, 114
697B-7H-3, 114
697B-8H-3, 114
697B-9H-3, 100
697B-10H-3, 114
697B-11H-3, 114
697B-13X-2, 115
697B-14X-3, 115
697B-15X-3, 115
697B-16X-3, 115
697B-17X-3, 114
697B-19X-3, 114
697B8-20X-3. 114
697B-21X-2, 114
697B-22X-2, 106
697B-24X-1, 70
697B-25X-2, 114
697B-26X-3, 93
697B-27X-1, 115
697B-28X-3, 107
697B-29X-2, 114
697B-30X-3, 114
697B-31X-2, 114
697B-32X-2, 117

C1

Pleistocene

c2

late
Pliocene

c3

early
Pliocene

E Present, but poor
clay content

B 5% - 10% Rare

Figure 12. Clay mineralogy, Site 697.

0-18.9 mbsf 1479 m/s
18.9-100 mbsf 1507 m/s
100-235.4 mbsf 1575 m/s
234.5-318.5 mbsf 1621 m/s

Thermal Conductivity

The thermal conductivity of the sediments sampled at Site
697 was measured following the methods of Von Herzen and
Maxwell (1959) using the needle-probe technique. The results of
the thermal conductivity tests are listed in Table 6 and illustrated
in Figure 17. Thermal conductivity ranges from 1.155 to

Bl 5% - 30% common
I 35% - 55% Abundant

B 0% - 90% Very abundant

B o55¢ - 100% Exclusive

1.471 W/m-k. The average value is 1.380 W/m-k. The thermal
conductivity gradient for Site 697 sediment is 0.0025 W/m-k/m.

Summary

The sediments at Site 697 have index properties that are typi-
cal of a normally-consolidated marine clayey sediment. The shear
strength data suggests that the sediments of the area are highly
underconsolidated. The reduced shear strengths, which lead to
the underconsolidated appearance of the sediment, are the re-
sult of core disturbance due to the drilling and coring process.
The age and other properties indicate that a state of normal
consolidation exists for the sediments at Site 697. The acoustic

715



SITE 697

Table 3. Index properties, water content, porosity, bulk density, and
grain density measured on samples from Site 697.

Water .
. content ) Bulle vty
Core, section Depth Porosity densntg dmti(
top (cm) (mbsf)  (%WW) (%DW) (%) (g/cm’)  (g/cm”)
113-697A-
1H-2, 90 2.4 47.55 90.64 73.57 1.59 2.94
1H-4, 90 5.4  47.15 89.22 72.54 1.58 2.62
1H-6, 90 8.4 4236 73.50 68.35 1.65 2.68
2H-3, 90 9.2  46.24 86.02 68.87 1.53 2.60
2H-5, 76 12.1  64.18 179.18 84.05 1.34 2.41
2H-6, 90 13.7  51.02 104.16 76.17 1.53 2.84
2H-7, 10 144 41,76 71.69 67.03 1.64 2.713
3IH-4, 95 16.7  35.52 55.08 59.81 1.73 27
3H-5, 94 18.2 37.13 59.05 62.39 1.72 2.67
113-697B-

1H-1, 90 18.9 38.04  61.40 63.65 1.71 2.84
1H-2, 90 204 34.61 52.93 62.08 1.84 3.07
2H-2, %0 29.9 3592 56.05 61.70 1.76 2.80
2H-4, 90 329 3259 4836 60.98 1.92 3.00
2H-6, 90 359 3424 52.06 60.88 1.82 2.82
3H-4, 90 395 3427 52.14 61.66 1.84 2.99
3H-6, 90 42.5 3596 56.15 61.91 1.76 2.85
4H-2, 68 49.0 39.74 65.94 64.72 1.67 2.69
4H-4, 90 522 3531 54.59 63.18 1.83 2.83
4H-6, 90 55.2 3566 5541, 61.52 1.77 2.65
6H-2, 11 67.8 3107 45.08 56.38 1.86 271
6H-4, 12 708 33.36 50.06 57.58 1.77 2.62
TH-2, 90 784  33.31 49.96 59.84 1.84 2.94
TH-4, 80 81.4 3741 59.76 63.63 1.74 2.83
TH-CC, 18 82.2 35.86 55.91 61.43 1.75 2.72
8H-1, 90 86.6 41.33 70.45 69.97 1.73 2.69
8H-2, 90 88.1 35.52 55.10 61.27 1.77 2.68
8H-3, 90 89.6  38.09 61.53 63.49 1.71 2.81
8H-4, 90 91.1  33.86 51.20 57.87 1.75 2.719
8H-5, 90 926 33.48 50.32 56.75 1.74 2.49
8H-6, 40 93.6 38.88 63.62 63.22 1.67 332
9H-1, 90 96.3 37.06 58.88 62.83 1.74 2.34
9H-3, 13 98.5 32.26 47.63 56.73 1.80 2.7
9H-3, 90 99.3  33.87 51.21 59.17 1.79 2.64
9H-4, 90 100.8  35.49 55.02 62.69 1.81 2.98
10H-1, 56 105.3 3238 47.88 58.67 1.86 2.89
10H-2, 60 106.8  33.62 50.65 58.59 1.79 2.67
10H-3, 110 108.8  31.62 46.24 56.00 1.81 2.76
10H-4, 90 110.1  30.97 44.86 55.69 1.84 2.78
11H-2, 90 116.7  32.68 48.55 57.73 1.81 2.66
11H-3, 90 1182  31.70 46.42 56.87 1.84 2.82
11H-4, 10 118.9  34.15 51.86 57.49 1.72 2.62
13X-2, 29 130.4  36.53 57.55 61.55 1.73 1.94
13X-5, 8 133.2  29.78 42.41 55.35 1.90 2.86
14X-2, 108 140.8 36.44 57.34 62.99 1.77 2.78
14X-3, 115 1424 35.89 55.99 61.55 1.76 2.68
14X-5, 115 1454 3540 54.79 59.74 1.73 2.59
15X-4, 82 153.2 34,59 52.88 61.17 1.81 2.74
15X-6, 90 156.3  35.98 56.20 60.69 1.73 2.69
15X-CC, 15 1573 29.54  41.93 55.22 1.91 2.78
16X-2, 115 160.2  31.25 45.46 56.83 1.86 2.87
16X-4, 90 162.9 3296  49.16 57.72 1.79 2.65
16X-6, 65 165.6  28.63 40.12 52.85 1.89 .77
17X-2, 113 169.8  25.96 35.06 49.64 1.96 2.88
17X-4, 113 172.8 29.39 41.62 56.58 1.97 2.88
17X-6, 90 175.6  28.09 39.06 51.68 1.89 2.69
19X-2, 90 189.0  31.95 46.95 56.14 1.80 2.68
19X-4, 90 192.0 40.43 67.87 67.09 1.70 2.88
19X-5, 60 192.7  30.39  43.67 57.39 1.93 293
20X-1, 90 197.1 3234  47.80 59.86 1.90 2.95
20X-2, 90 198.6 28.94  40.73 54.39 1.93 2.95
20X-3, 90 200.1  33.05 49.37 59.12 1.83 2.72
20X-4, 85 201.6  28.05 38.98 53.09 1.94 2.89
20X-5, 83 203.0 32.86  48.94 58.68 1.83 2.79
20X-6, 46 204.2  36.21 56.76 63.01 1.78 2.87
21X-2, 90 2083 31.72 46.45 56.72 1.83 2.82
22X-1, 102 216.5 31.72  46.45 58.11 1.88 2.79
22X-3, 17 2184 3199  47.04 57.43 1.84 2.1
24X-1, 64 235.4 30.68 4425 57.88 1.93 2.89
24X-CC, 16 2357 29.79 1.86
25X-2, 123 2472 26.88 2.03
25X-CC, 26 247.6  33.88 51.24 60.95 1.84 2.88
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Table 3 (continued).

Water Buk  Grain
eontent Porosity  density  density
(WWW) (%DW) (%)  (g/cm’) (g/cm’)

Core, section Depth
top (cm) (mbsf)

113-697B- (Cont.)

26X-2, 55 256.3  26.98 36.94 52.57
26X-4, 16 258.9 2741 37.76 53.32
27X-2, 53 265.9  26.29 35.67 51.58
28X-2, 64 275.7  25.40 34.04 53.40
28X-4, 31 278.4 2521 3.7 46.98
29X-1, 78 284.1  25.86 34.88 47.09
29X-2, 49 285.3  26.34 35.76 49.88
30X-2, 10 294.1  24.82 33.01 46.64
31X-1, 96 303.6 28.33 39.54 53.18
32X-1, %0 3131 26.64 36.32 50.28
32X-2,0 313.7  25.86 34.88 49.60
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Figure 13. Profile of bulk density, water content, and grain density, Site
697. Data given in Table 3.

velocities in the upper 18.9 mbsf are very low, averaging only
1480 m/s. The overall velocity gradient is 0.59 m/s/m.

SEISMIC STRATIGRAPHY

Site 697 lies in Jane Basin on single-channel seismic line
BRANS801-E (Birmingham University/British Antarctic Survey),
illustrated in Figure 3 (“Background and Objectives” section,
this chapter). JOIDES Resolution approached the site from the
west (from Site 696) along the same track. The location of the
site had been moved about 10 km westward from that selected
originally to try to find a slightly thinner sedimentary sequence
(given the limited time available for drilling).

The reflection profile shows a prominent reflector at about
550 ms twt which separates two different sedimentary se-
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Figure 14. Profile of porosity, Data given in Table 3.

quences. The lower sequence is interpreted as being derived from
the now-dead island arc of Jane Bank in the east and from the
South Orkney microcontinent in the west; the upper sequence is
draped over the subdued topography of the reflector and pinches
out at the western edge of the basin under the influence of bot-
tom currents, and from the evidence of gravity cores is hemipe-
lagic (Fig. 3). The only strong reflector in the upper sequence
lies just below the seabed, which is exceptionally weakly reflec-
tive.

The two holes drilled at Site 697 penetrated 323.9 mbsf, to
within perhaps 150 m of the prominent reflector at 550 ms. Re-
covery was generally good, and only a few cores were thoroughly
disturbed by the drilling process. The sequence drilled consists
of hemipelagic clays with small siliceous biogenic and volcanic
ash components. There is no major compositional change within
it, only subtle, second-order changes. No large acoustic imped-
ance ghanges producing strong seismic reflectors were to be ex-
pected.

Velocity measurements were made on core samples at regular
intervals (see “Physical Properties” section, this chapter), but
complete PWL data were not available aboard ship. The PWL
and Hamilton Frame velocities which were available showed a
variation with depth markedly different from those of the other
APC/XCB-drilled sites, 689 and 690. There is a thin, low-veloc-
ity zone at shallow depth (near 12 mbsf, within Subunit IA,
Fig. 16). This could explain the weak seabed reflector and the
strong reflector directly beneath (Fig. 18). At greater depths the
velocities increase steadily (see “Physical Properties” section,
this chapter, Fig. 16), rather than remaining low initially, then
increasing sharply at around 200 mbsf as diagenetic alteration
develops. The curve for Site 697 is lower than but parallel to the
Carlson et al. (1986) empirical curve. Since laboratory measure-

SITE 697

ments have to be corrected for the change from in-situ condi-
tions, and since the physical properties measurements show signs
of subtle disturbance of the clay fabric by coring, the measured
values are probably too low. It seems most reasonable therefore
to use the Carlson et al. (1986) velocity-depth relation to estab-
lish the time on the reflection profile equivalent to the depth
drilled. The results are shown in Figure 18. Since the only po-
tential sequence boundary, the reflector at 550 ms, was not re-
corded by drilling our speculation that the underlying sequence
is largely turbiditic cannot be tested. However, the presence of
three thin turbidites near the base of the hole suggests a down-
hole change toward a greater turbiditic component.

BIOSTRATIGRAPHY

Site 697 was drilled east of the South Orkney Platform in
3480 m of water in the Jane Basin to obtain a biosiliceous hemi-
pelagic to pelagic record for the Neogene. This site was the deep-
est component of a three-site transect down the flank of the
South Orkney microcontinent to obtain information about
changes in water-mass characteristics during the Neogene and to
examine the deep-water circulation history of the region. The
site was chosen to examine the vertical position of deep-con-
tour-following currents and the evidence for significant velocity
fluctuations, in addition to the study of the Neogene-Quater-
nary glacial history of the region.

At Site 697 a 500-m section was targeted, and 322.9 m was
drilled with an average recovery of 64.5%. The recovered sec-
tion consists of Quaternary to lowermost Pliocene hemipelagic
clayey to silty mud with varying amounts of biosiliceous compo-
nents, ice-rafted debris, and volcanic ash. Biostratigraphic in-
formation is derived from siliceous microfossils, because the
section is barren of all calcareous microfossils. Preservation and
abundance of siliceous microfossils, however, is variable; overall
preservation is poorer and abundance less than in Pliocene sec-
tions at previously drilled sites of Leg 113. The Quaternary sec-
tion is much thicker (58 m) than at other Leg 113 Sites.

All depths referred to are sub-bottom depths and samples are
from the core-catcher (CC) section unless otherwise specified.
On the summary biostratigraphic correlation chart (Fig. 19) the
age or biostratigraphic zone assigned to a given core-catcher
section is extrapolated to the midpoint of the overlying and un-
derlying cores. The section is described from the top down.

Planktonic Foraminifers

All core-catcher sections from Holes 697A and 697B were ex-
amined for the occurrence of planktonic foraminifers; none were
found.

Benthic Foraminifers

All core-catcher sections from Holes 697A and 697B, a sam-
ple from the top of Core 113-697B-11H, and a sample from the
mud line were processed and the residues examined for benthic
foraminifers. Most of the samples are barren, with the excep-
tion of the mud-line sample (four Cyclammina pusilla, two Tex-
tularia wiesneri, one Haplophragmoides sp.), Section 113-697A-
2H, CC (one C. pusilla), Section 113-697B-8H, CC (one Mar-
tinotiella antarctica, one Sigmoilina tenuis), the sample from
the top of Core 113-697B-11H (five M. antarctica, one S. te-
nuis), Section 113-697B-12X, CC (one C. pusilla), and Section
113-697B-23X, CC (one M. antarctica). No interpretations of
these poor faunas can be made; presently the area of Site 697 is
characterized by low benthic foraminiferal abundances and is in
an area of mixed faunas of M. antarctica and C. pusilla
(Echols, 1971).

Calcareous Nannofossils
No calcareous nannofossils were observed at this site.
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Table 4. Undrained shear
strengths determined on samples
from Site 697.

Shear
Core, section Depth  strength
top (cm) (mbsf) (kPa)
113-697A-
1H-2, 84 23 4.7
1H-4, 84 53 4.1
1H-6, 84 8.3 6.1
2H-3, 84 9.1 5.8
2H-5, 76 12.1 16.5
2H-6, 84 13.6 14.0
2H-7, 10 14.4 9.3
3H-4, 81 16.6 25.6
3H-5, 81 18.1 18.6
113-697B-

1H-1, 86 18.9 16.3
1H-2, 86 20.4 22.1
2H-2, 86 29.9 29.1
2H-4, 86 32.9 31.4
2H-6, 86 35.7 21.9
3H-4, 86 39.5 44.2
3H-6, 86 42.5 349
4H-2, 86 49.2 45.4
4H-4, 81 52.1 39.6
4H-6, 86 55.2 53.5
6H-2, 80 68.5 100.1
6H-4, 18 70.9 107.0
TH-2, 84 78.3 79.1
TH-4, 84 8l.4 76.8
TH-CC, § 82.1 81.4
8H-1, 84 86.5 8l.4
BH-2, 84 88.0 123.3
8H-3, 140 90.1 114.0
8H-4, 84 91.0 114.0
8H-5, 84 92.5 121.0
8H-6, 36 93.6 72.1
9H-1, 82 96.2 83.8
9H-2, 84 97.7 128.0
9H-3, 18 98.6 114.0
9H-3, 84 99.2 151.3
9H-4, 84 100.7 104.7

10H-2, 54 106.7 151.3
10H-3, 84 108.5 153.6
10H-4, 84 110.0 230.4
11H-2, 84 116.6 95.4
11H-2, 94 116.7 1117
11H-3, 84 118.1 132.6
11H-4, 3 118.8 122.2
11H-4, 84 119.6 88.4
11H-4, 84 119.6 111.7
13X-2, 33 130.4 51.2
13X-5, 5 133.2 132.6
14X-2, 105 140.8 62.8
14X-3, 110 142.3 93.1
14X-5, 110 145.3 76.8
14X-7, 32 147.5 146.6
15X-2, 114 150.5 88.4
15X-4, 81 153.2 135.0
15X-6, 86 156.3 169.9
15X-CC, 10 157.2 209.4
16X-2, 110 160.1 80.3
16X-4, 85 162.9 74.5
16X-6, 61 165.6 102.4
17X-2, 110 169.8 137.3
17X-4, 110 172.8 153.6
17X-6, 84 175.6 128.0
17X-CC, 10 176.4 162.9
17X-CC, 20  176.5 114.0
19X-2, 107 189.2 79.1

19X-4, 84 191.9 95.4
19X-5, 54 192.6 137.3
19X-5, 38 192.5 221.1

19X-5, 83 192.9 211.8
19X-CC, 17 193.6 214.1
20C-1, 84 197.0 151.3
20X-2, 84 198.5 142.0
20X-3, 99 200.2 102.4

100

Depth (mbsf)

200

300

Table 4 (continued).

Shear
Core, section Depth  strength
top (cm) (mbsf) (kPa)

113-697B-

20X-4, 84 201.5 95.4
20X-5, 70 202.9 200.1
20X-6, 45 204.2 125.7
20X-7, 24 205.4 176.9
21X-1, 134 207.8 109.4
21X-2, 36 207.8 109.4
21X-2, 94 208.3 95.4
22X-2, 87 217.9 155.9
22X-3, 13 218.6 48.9
22X-CC, 16  218.9 102.4
24X-1, 62 235.4 74.5
24X-CC, 20  235.7 69.8
25X-1, 126 245.8 169.9
25X-CC, 16  247.6 148.9
26X-4, 20 258.9 307.2
26X-4, 42 259.1 311.8
27X-2, 55 266.0 144.3
27X-2, 68 266.2 3235
28X-3, 71 277.3 237.4
28X-4, 27 278.4 358.4
29X-3, 10 286.4 216.4
29X-3, 52 286.8 242.0
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Figure 15. Undrained shear strength profile, Site 697. Data given in Table

4.

Hole 6974

Diatoms

Section 113-697A-1H, CC, contains few, poorly preserved
diatoms belonging to the “Coscinodiscus” (Thalassiosira) lenti-



Table 5. Compressional wave ve-
locities (Hamilton Frame) mea-
sured on samples from Site 697.

Core, section Depth  Velocity
top (cm) (mbsf) (m/s)
113-697A-
1H-2, 90 2.4 1457
1H-4, 90 5.4 1460
1H-6, 90 8.4 1464
2H-3, 90 9.2 1471
2H-5, 76 12.1 1485
2H-6, 90 13.7 1478
2H-7, 10 14.4 1491
3H-4, 95 16.8 1497
3H-5, 94 18.2 1498
113-697B-
1H-1, 90 18.9 1498
1H-2, 90 20.4 1510
2H-2, %0 29.9 1515
2H-4, %0 32.9 1501
2H-6, 90 359 1508
3H-4, 90 39.5 1506
IH-6, 90 42.5 1493
4H-2, 68 49.0 1488
4H-4, 90 52.2 1510
4H-6, 90 552 1510
6H-2, 11 67.8 1517
6H-4, 12 70.8 1503
7H-2, 90 78.4 1511
7TH-4, 80 81.4 1495
7H-CC, 18 82.2 1501
8H-1, 90 86.6 1497
8H-2, 90 88.1 1502
8H-4, 90 91.1 1517
8H-5, 90 92.6 1540

16X-2, 115 160.2 1577
16X-4, 90 162.9 1530
17X-2, 113 169.8 1569
17X-4, 113 172.8 1581
17X-6, 90 175.6 1610
19X-2, 90 189.0 1536
20X-1, 90 197.1 1563
20X-3, 90 200.1 1558
20X-4, 85 201.6 1545
20X-6, 46 204.2 1623
21X-2, 90 208.3 1590
22X-1, 102 216.5 1639
22X-3, 17 218.7 1550
24X-1, 64 235.4 1580
24X-CC, 16  235.7 1609
25X-2, 123 247.2 1602
27X-2, 53 265.9 1615
31X-1, 96 303.6 1655
32X-1, 90 313.1 1643
32X-2, 60 313.7 1624
32X-5, 30 318.5 1601

ginosus Zone (upper Pleistocene). Other species include Eucam-
pia antarctica, Actinocyclus actinochilus, Nitzschia linearis, N.
kerguelensis, Melosira sulcata, and Thalassiothrix longissima.
A few reworked specimens of Rouxia antarctica were also present.
Section 113-697A-2H, CC, also belongs to the “C.” lentigino-
sus Zone but diatoms are rare and poorly preserved. Additional
samples in this core support this age designation. In Sample
113-697A-2H-5, 48-80 cm, we found a diatom ooze with abun-
dant, well-preserved diatoms. Within this layer occur such forms
as Corethron criophilum (abundant at 113-697A-2H-5, 48 cm),
Nitzschia curta, N. ritscherii, N. kerguelensis, N. angulata
(O’Meara) Hasle, Thalassiosira gracilis, T. lentiginosa, and A.
actinochilus. Preservation was so good that diatoms in parts of
the layer resembled a fresh net haul. This layer was interbedded
with thin, clayey layers which had fewer diatoms.
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Figure 16. Compressional wave velocities (Hamilton Frame) for Site 697.
Data given in Table 5.

Table 6. Thermal conductivities of sediments
from Site 697. An “oblique insert” method was
used when the measurements were taken from
split cores. On whole cores the probe was in-
serted perpendicular to the core axis.

Core, section Depth K
top (cm) (mbsf) (W/m-K) Remarks

113-697A-

1H-2, 90 24 1.260 #119

1H-4, 90 5.4 1.155 #110

1H-6, 90 8.4 1.290 #116

3H4, 91 16.7 1.349 #110 Oblique

3H-5, 91 18.2 1.339 #115 Oblique

113-697B-

1H-1, %0 18.9 1.279 £110
1H-2, 90 20.4 1.310 #115
2H-2, 90 29.9 1.290 #115
2H-4, 90 329 1.441 #110
3H-4, %0 39.5 1.298 #116
3H-6, 90 42.4 1.276 #119
4H-2, 65 49.0 1.398 #116 Oblique

4H-2, 83 49.1 1.521 #119 Oblique
6H-4, 31 71.0 1.400 #119 Oblique
8H-2, 116 88.4 1.471 #110 Oblique
8H-4, 113 91.3 1.362 #115 Oblique
9H-2, 110 98.0 1.452 #110 Oblique
9H-4, 42 100.3 1.603 #115 Oblique
10H-2, 90 107.1 1.211 #110 Oblique
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Figure 17. Profile of thermal conductivity, Site 697. Data given in Table
6.

Section 113-697A-3H, CC, is barren of diatoms. Sample 113-
697A-3H-1, 100 cm, contains few, poorly preserved, diatoms in-
cluding N. kerguelensis, Stellarima microtriaxs, Odontella weiss-
flogii, and common E. balaustium. Based on the absence of
Actinocyclus ingens this interval is also placed in the “C.” lenti-
ginosus Zone. Hole 697A was abandoned due to technical prob-
lems after reaching 20.9 mbsf.

Hole 697B

Hole 697B was washed down to 18 mbsf. Section 113-697B-
1H, CC, had a few diatom fragments, none of which were from
recognizable stratigraphic markers. Section 113-697B-2H, CC,
however, is tentatively placed in the Coscinodiscus elliptopora/
Actinocyclus ingens Zone based upon the occurrence of Actino-
cyclus ingens. This placement is tentative, however, since the
sample has rare, generally poorly preserved, diatoms. Section
113-697B-3H, CC, was barren of diatoms. Sample 113-697B-
4H-3, 145 cm, however, contains abundant, well-preserved dia-
toms belonging to the lower Pleistocene A. ingens/C. ellipto-
pora Zone. Other species in this sample include N. curta, N. ob-
liquecostata, N. angulata (O’Meara) Hasle, T. lentiginosa, A.
actinochilus, E. antarctica, and Thalassiosira cf. T. lineata.

We are unsure of the stratigraphic position of Sections 113-
697B-4H, CC, and 113-697B-5H, CC. The former sample con-
tains abundant, well-preserved diatoms, of which T. longissima
is the most abundant, but no stratigraphic markers. The latter
sample contains only diatom fragments and cannot be zoned.
Section 113-697B-6H, CC, is tentatively placed in the Coscino-
discus kolbei/Rhizosolenia barboi Zone in spite of the fact that
only a questionable C. kolbei is present. Other taxa include R.
antarctica, T. lentiginosa, T. gracilis, and E. antarctica.

720

Because of the presence of only a few, poorly preserved, dia-
toms we are unable to zone Section 113-697B-7H, CC. Species
present in this sample include A. ingens, R. antarctica, S. ant-
arctica, E. antarctica, and M. sulcata. Sections 113-697B-
8H, CC, and 113-697B-9H, CC, definitely belong to the upper
Pliocene C. kolbei/R. barboi Zone based upon the presence of
Coscinodiscus vulnificus and the absence of Cosmiodiscus in-
signis. Other species include T. gracilis, E. antarctica, R. antarc-
tica, N. curta, and Cosmiodiscus intersectus, the latter species
probably displaced. We are unable to date Section 113-697B-
10H, CC, because of rare, poorly preserved diatoms.

The interval from Section 113-11H, CC, to Sample 113-697B-
13X-3, 31 cm, is in the Nitzschia interfrigidaria Zone (upper
Pliocene) because of the occurrence of the nominate taxon. Sam-
ple 113-697B-13X-3, 31 cm, is from a thin (several millimeters)
diatom-bearing layer. The assemblage is dominated by extremely
well-preserved Thalassiothrix longissima. Other species are N.
curta, Rouxia antarctica, T. lentiginosa, and Schimperiella ant-
arctica. Sections 113-697B-13X, CC, and 113-697B-14X, CC,
have rare, poorly preserved diatoms which lack biostratigraphic
markers.

The transition from N. praeinterfrigidaria to N. interfrigida-
ria (N. interfrigidaria/combined N. angulata-N.reinholdii Zone
boundary) occurs near Sample 113-697B-15X-2, 48 cm (149.88
mbsf). In addition to the nominate taxa, the sample also con-
tains T. longissima (common), Rouxia naviculoides, T. gracilis,
S. turris (few), and E. balaustium (rare).

Section 113-697B-15R, CC, contains no marker species and
few, poorly to moderately preserved diatoms, but the interval
from Sample 113-697B-16X-2, 10 cm, to Section 113-697B-
24X, CC, can be placed in the combined N. angulata/N. rein-
holdii Zone. Diatoms are rare to common and preservation is
poor to moderate. Other species are C. intersectus, R. navicu-
loides, Stephanodiscus turris, S. microtriaxs, T. gracilis, T. oes-
trupii, and rare N, angulata. A several-millimeter-thick layer con-
taining abundant, unusually well-preserved diatoms was sam-
pled at 113-697B-21X-2, 16 cm. The dominant species was T.
longissima, but N. angulata, C. intersectus, T. oestrupii, N.
curta, R. barboi, and N. cf. N. praeinterfrigidaria were also
present.

Sections below 113-697B-24X, CC (below 244.5 mbsf), con-
tain rare to few, poorly preserved diatoms, which do not include
biostratigraphically useful species. These assemblages are domi-
nated by strongly fragmented T. /ongissima. Some of the dia-
toms from these samples are pyritized. One exception is Section
113-697B-29X, CC (diatoms are few, preservation is poor), which
contains rare Denticulopsis hustedtii, Synedra jouseana, and Cos-
miodiscus intersectus. We do not find indications that Miocene
sediments have been penetrated at the base of Hole 697B.

Summary

At Site 697 we recovered 322.9 m of lower Pliocene to Qua-
ternary sediment in two holes. Although the extent of Pliocene
recovery at this site is matched elsewhere in the western Weddell
Sea region, Site 697 has the most expanded Quaternary section
sampled on Leg 113.

Compared to the Pliocene, diatom abundance in Quaternary
sediments is generally poor but some levels (indicated in the text)
contain abundant diatoms. Pliocene sediments at Site 697 con-
tain rare to few and moderately to poorly preserved diatoms in
contrast to Sites 689, 690, 693, 695, and 696 where, except for the
lowermost Pliocene, common to abundant and moderately to
well-preserved diatoms are present. At Site 697 abundant and
well-preserved diatoms are generally restricted to discrete layers
of several millimetere to decimeters in thickness. Such horizons,
some of which have unusually well-preserved assemblages, occur
in both the Quaternary and Pliocene. Examples are assemblages
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Figure 18. Seismic Teflection profile correlating depth in meters below seafloor in recovered sediments and reflecting horizons in milliseconds two-way
traveltime. Correlation between depth and traveltime is made using the Carlson et al. (1986) empirical curve.

dominated by Corethron criophilum (Sample 113-697A-2H-5,
48 c¢m) and Thalassiothrix longissima (Section 113-697B-4H, CC
and Samples 113-697B-13X-3, 31 cm, and 113-697B-15X-2,
48 cm).

At Site 697, all Quaternary and Pliocene diatom zones of
Weaver and Gombos (1981) could be identified, except the Rhi-
zosolenia barboi/Nitzschia kerguelensis Zone (uppermost Plio-
cene) and the Cosmiodiscus insignis Zone (upper Pliocene). The
latter, very-short-ranging zone was possibly not encountered be-
cause of poor diatom preservation, but the other zone could not
be determined because the marker species were not found. Ac-
cording to independently interpreted paleomagnetic results, the

transition from N. praeinterfrigidaria to N. interfrigidaria oc-
curs within the lower part of the Gauss Chron. This finding
supports the preliminary redating of the transition described in
the Diatoms discussion in “Biostratigraphy” section, “Site 695"
chapter (this volume).

With supporting bio- and magnetostratigraphic data, this site
may provide us with useful insights into latest Neogene climate
and ocean dynamics in a high southern latitude environment.

General Biostratigraphic Comment

Since this is the last Site of ODP Leg 113, we take the oppor-
tunity to discuss the biostratigraphic scheme used during the
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SITE 697

course of this leg. In our opening comments on biostratigraphy,
we indicated that the zonal scheme of Weaver and Gombos (1981)
would be used for the Neogene and that of Fenner (1984) for the
Paleogene. At the time, we expressed some misgivings about us-
ing what are essentially Subantarctic zonations in high southern
latitudes. These were the only zonations available, however, so
we were constrained to use them. We found difficulties in apply-
ing these zonations in many parts of the section and make some
brief comments.

Upper Pliocene Diatom Zones

The Rhizosolenia barboi/Nitzschia kerguelensis Zone could
not be determined because the former species was rare or absent
from this interval while C. kolbei was variable in its last appear-
ance. Similar comments can be made for the Coscinodiscus kol-
bei/Rhizosolenia barboi Zone. This zone was in most cases
identified by the occurrence of Coscinodiscus vulnificus and the
absence of Cosmiodiscus insignis. C. vulnificus was generally
easy to identify, particularly in the western Weddell Sea region.
On the eastern side, however, the species was rare to absent. The
underlying Cosmiodiscus insignis Zone was in general easy to
determine.

The Nitzschia praeinterfrigidaria/N. interfrigidaria transition

The presumed evolutionary transition of N. praeinterfrigida-
ria to N. interfrigidaria defines the zonal boundary of the Nifz-
schia interfrigidaria Zone and the underlying Nitzschia angu-
lata Zone. Based on correlations to the magnetostratigraphy es-
tablished for Holes 693A, 695A, and 697B, we tentatively
changed the age assignment for the transition from the upper
Gilbert (C3N-1, 3.88-3.97 Ma), as published by Weaver and
Gombos (1981) and Ciesielski (1983), to the lower part of the
Gauss Chron (about C2AN-2 to C2AN-3, 2.99-3.4 Ma). Shore-
based studies will provide a more restricted time interval for the
transition, possibly in the lowermost part of the Gauss Chron
(C2AN-3; for further comments compare Diatom discussion in
“Biostratigraphy” section, “Site 695” chapter, this volume).

The Nitzschia angulata enigma

'We have already (in the “Site 689" chapter, this volume) indi-
cated that the form referred to as Nitzschia angulata and used as
a Pliocene marker by a number of authors (Gombos, 1977;
Weaver and Gombos, 1981; Ciesielski, 1983) is not synonymous
with the extant N. angulata (O’Meara) Hasle. We point out here
that these authors were very likely referring to similar forms;
one form appears to dominate in the Subantarctic region while
a group of other forms is found in sediments farther to the
south. We do not know the time of final occurrence of these
forms; it appears from our study of Leg 113 samples, however,
that they did not first appear near the base of magnetic sub-
chron C3N-2 as reported by Weaver and Gombos (1981) and
Ciesielski (1983). Rather, our study suggests that at least one
form made its first appearance in upper Miocene sediments and
one may bear an evolutionary relationship to Nitzschia porteri
sensu Schrader (1976).

The combined Nitzschia angulata/N. reinholdii and the
Denticulopsis hustedtii Zone (lower Pliocene to upper
Miocene)

We could not define the base of the N. angulata Zone (com-
pare above) and thus we were forced to combine that zone with
the underlying N. reinholdii Zone. The nominate species of the
latter zone could not be found consistently in our samples from
lower Pliocene Southern Ocean sediments, as stated by Weaver
and Gombos (1981) for these sediments. Forms with some af-
finity to N. reinholdii were very rarely found. In lower Pliocene
sediments the Last Abundant Appearance Datum (LAAD) of
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Denticulopsis hustedtii has been used to identify the boundary
between the N. reinholdii Zone and the underlying D. hustedtii
Zone (Weaver and Gombos, 1981). We used this criterion in the
Weddell Sea sites but find no evidence in the literature that this
datum level (the LAAD of D. hustedtii) has ever been docu-
mented. Weaver and Gombos (1981) defined the top of the D.
hustedtii Zone but never presented the supporting numerical
data. Similarly, they did not present the magnetostratigraphic
data for this zonal boundary although they published summary
diagrams showing the relationship of this datum to magneto-
stratigraphy. Finally, we note some preliminary data obtained
during Leg 113 suggesting that the last consistent appearance of
D. hustedtii may be diachronous between the Subantarctic and
the high-latitude Weddell Sea region. The last consistent ap-
pearance may be in the upper Miocene rather than the lower Pli-
ocene.

The Denticulopsis hustedtii/D. lauta Zone (upper Miocene)

Although useful in the western Weddell Sea, we question con-
tinued use of the D. hustedtii/D. lauta Zone to identify the up-
per middle Miocene in the eastern Weddell Sea. In our experi-
ence, D. lauta is so rare and its occurrence so variable that its
value as a zonal marker is questionable. The D. lauta Last Ap-
pearance Datum (LAD) appears to be useful in the Subantarctic
region, but we found it of limited value in the eastern and cen-
tral Weddell Sea. It wasn’t until we analyzed diatoms in sites
from the western Weddell Sea that we began to recover this spe-
cies in considerable numbers. As noted in the Diatoms discus-
sion, “Site 696 chapter (this volume), we suspect that this spe-
cies is biogeographically linked to the Subantarctic and north-
ern Antarctic regions and has limited value as a stratigraphic
marker in much higher latitudes. Because we could not identify
the D. hustedtii/D. lauta Zone, it was combined with the under-
lying Nitzchia denticuloides Zone. The nominate species of the
latter zone has its last appearance near the top of the D. hu-
stedtii/D. lauta Zone according to Weaver and Gombos (1981).

Middle and lower Miocene Zones

Because of the scarcity or absence of the middle and lower
Miocene marker species Bogorovia veniamini, Coscinodiscus
rhombicus, and Coscinodiscus lewisianus, it was not possible to
identify, unequivocally, the Bogorovia veniamini Zone (upper-
most Oligocene to lower Miocene), the Coscinodiscus rhombi-
cus Zone (lower Miocene), or the Coscinodiscus lewisianus Zone
(lower middle Miocene). Similarly, it was not possible to deline-
ate the top and bottom of the Nitzschia malinterpretaria and N.
grossepunctata Zones (lower to lower middle Miocene and lower
middle Miocene, respectively), although the nominate taxa were
present in considerable numbers. For this reason, we combined
the N. grossepunctata and C. lewisianus Zones and the N. mal-
interpretaria and C. rhombicus Zones in some of the Leg 113
sites.

Summary

Although Neogene diatom stratigraphies have been pub-
lished for the southern high-latitude ocean (Weaver and Gom-
bos, 1981, Barron, 1985), a considerable number of the defined
zones could not be used for biostratigraphic age assignment in
Leg 113 Sites. This is especially true for the Miocene zonations
because of the scarcity or absence of marker species and the
poor definition of some zones. Although the Pliocene zonation
has been tied to the paleomagnetic time scale we found a num-
ber of discrepancies, especially for the middle and lower Plio-
cene zones. Apparently part of the paleomagnetic time scale
used for calibration was not accurately interpreted (e.g., by Cie-
sielski, 1983) and the taxonomy of some marker species is not
well known.



Implicit in the use of the term is the requirement that the
designations LAAD and First Abundant Appearance Datum
(FAAD) need to be supported quantitatively. In spite of this, we
could not find in the literature any quantitative data for the fol-
lowing datum levels: LAAD D. hustedtii, LAAD N. denticu-
loides, and LAAD D. maccollumi. In our view, LAAD or LAD
should be used with caution in defining high southern latitude
zonal boundaries because of problems related to reworking and
displacement by bottom water. Unfortunately, most of the es-
tablished Neogene zones are defined by LAAD and LAD.

Based on our preliminary study of the sections recovered dur-
ing Leg 113 we found a number of species originally described
and/or figured by Schrader (1976) and ignored until now which
apparently can be used to redefine established Neogene diatom
zonations for the Southern Ocean.

For Paleogene sediments, we tried to apply both the Gombos
and Ciesielski (1983) and the Fenner (1984) stratigraphic schemes.
Although we found problems with both, especially in the upper
Oligocene, we think that the Fenner (1984) scheme is more rea-
sonable since very broad zones are defined.

Radiolarians

Radiolarians from Site 697 were rare in the Pleistocene, and
only a few samples provided any useful age information. Plio-
cene radiolarians are common and generally moderate to poorly
preserved. Samples from this epoch can be assigned to the stan-
dard zonation, except for one interval within the lower Pliocene,
where poor preservation makes it difficult to identify the base
of the Upsilon Zone. The base of the section recovered at Site
697 (113-697B-32X, CC) is within the lower Tau Zone (basal
Pliocene). Patterns of biogenic silica abundance and preserva-
tion at Site 697 parallel those at previous sites in this region,
with low biogenic silica fluxes in the Pleistocene through latest
Pliocene, relatively high fluxes and good preservation in middle
and early Pliocene, and, in the basal Pliocene, poorly preserved
biosiliceous microfossils with common Subantarctic radiolari-
ans. Biostratigraphic assignments for Site 697 are as follows:

All 697A core-catcher sections, and Sections 113-697B-
1H, CC, to 113-697B-4H, CC, contain only rare radiolarians,
and no zonal assignment is possible. Cycladophora davisiana is
present in Sections 113-697A-2H, CC, and 113-697B-4H, CC,
indicating that this interval is no older than about 2.5 Ma.

Sections 113-697B-5H, CC, through 113-697B-8H, CC, are
upper Pliocene to lower Pleistocene (Phi Zone or Chi Zone),
based on the occurrence of Pterocanium trilobum in Section
113-697B-5H, CC, C. davisiana in Sections 113-697B-5H, CC,
and 113-697B-8H, CC, and Antarctissa ewingi and Clathrocy-
clas bicornis in Section 113-697B-8H, CC.

Sections 113-697B-9H, CC, through 113-697B-23X, CC, are
assigned to the Upsilon Zone, based on the occurrence of He-
lotholus vema and Desmospyris spongiosa. The First Appear-
ance Datum (FAD) of C. davisiana subdivides this interval into
the upper (Section 113-697B-9H, CC, to 113-697B-12X, CC)
and middle (Sections 113-697B-13X, CC, to 113-697B-23X, CC)
portions of the Upsilon Zone.

Poor preservation below Core 113-697B-23X makes zonal as-
signments difficult. Cores 113-697B-24X through 113-697B-29X
contain common Prunopyle titan and are thus within either the
lower part of the Upsilon Zone, or the upper part of the Tau
Zone. The zonal indicator for the Upsilon Zone, H. vema, is
absent in these samples, suggesting an upper Tau assignment.
Desmospyris spongiosa is common, however. This latter species
is generally restricted to Upsilon through uppermost Tau Zone
sediments, and its presence suggests that the absence of H.
vema in at least some of the samples from this interval may be
due to dissolution. The base of the Upsilon Zone is thus not de-
fined at this site.
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The LAAD of Lychnocanium grande occurs between Sec-
tions 113-697B-29X, CC, and 113-697B-30X, CC. This species
is common in all remaining sections (113-697B-30X, CC, to 113-
697B-32X, CC), despite poor preservation of radiolarian assem-
blages. Miocene forms are not observed, and the interval is
therefore assigned to the lower Tau Zone. The radiolarian as-
semblages in this interval appear to be very similar to those seen
at Sites 695 and 696. Subantarctic elements occur, including Ar-
tostrobids and Polysolenia sp., while typical Antarctic elements
such as Antarctissids are relatively rare.

Silicoflagellates

Silicoflagellates are generally sparse or absent in the upper
250 m of the siliceous muds at Site 697, therefore these fossils
do not provide useful datums for biostratigraphy in Cores 113-
697A-1H to 113-697B-25X. The paucity of silicoflagellates may
be due to the relatively deep water setting of this site (3480 m),
which would have promoted the dissolution of these fossils. Two
thin diatomaceous interbeds were sampled, however, at 113-697B-
13X-2, 140 cm, and 113-697B-13X-3, 30-32 cm, and these
yielded abundant Distephanus speculum. Other such acmes have
been noted in the Pliocene at previously drilled sites of this leg
(example, Core 113-689A-1H).

Distephanus boliviensis is consistently present below 250 m,
but its LAD is difficult to establish due to its erratic occurrence
above that level. This taxon is common in Section 113-697B-
21X-2 with only a few specimens present in Section 113-697B-
20X-3 (K. McKartney, written comm., 1987). Core 113-697B-26X
contains few Distephanus boliviensis, D. speculum, and rare D.
quinquangellus and D. crux. This assemblage closely resembles
that of Cores 113-695A-26X and 113-697B-27X on the South
Orkney microcontinent.

Section 113-697B-30X, CC, contains few D. boliviensis, D.
quinquangellus, and rare D. pseudofibula. A few specimens of
the latter taxon also occur in Section 113-697B-31X, CC, and in
Section 113-697B-32X-5, therefore these last three cores can be
assigned to the D. pseudofibula Zone (Ciesielski, 1975). At this
site as well as at others drilled on this leg, this zone coincides
closely with the lower portion of the radiolarian Tau Zone (see
“Radiolarians” discussion above).

Palynomorphs

All core-catcher sections of Site 697 (Sections 113-697A-
1H, CC, through 113-697A-3H, CC, and 113-697B-1H, CC,
through 113-697B-32X, CC) were barren of palynomorphs.

Summary

At Site 697 we sampled a 322.9-m thick Quaternary to lower
Pliocene sequence consisting predominantly of diatom-bearing
silty to clayey mud. Core recovery varied from good to moderate
in the Quaternary through upper Pliocene, and from moderate
to poor in the lower Pliocene. Recovery was especially poor be-
tween 210 and 250 mbsf (Cores 113-697B-21X through 113-
697B-25X averaged 26% recovery). The Quaternary section is
expanded compared to other Leg 113 sites, and does not contain
a carbonate-bearing interval; thus no calcareous microfossils were
recovered at this site. Agglutinated benthic foraminifers are very
rare throughout the section. All biostratigraphic information is
based on the siliceous microfossil groups (radiolarians, diatoms,
and silicoflagellates); no hiatuses were observed. The abundance
and preservation of siliceous microfossils exhibit strong fluctua-
tions, and thus some zonal boundaries could not be placed with
precision. There is good biostratigraphic agreement between dia-
tom, radiolarian, and silicoflagellate data indicating that the
sediment at the bottom of the hole is lower Pliocene, although
preservation is poor and abundances low in the lower part of
the section.
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In the Quaternary section, radiolarians and silicoflagellates
are rare; the biostratigraphic age assignments are based on dia-
toms which show strong variations in abundance and preserva-
tion. Several core-catcher sections (e.g., 113-697A-3H, CC, and
113-697B-3H, CC) are barren, and from these cores additional
samples were studied. Cores 113-697A-1H through 113-697A-3H
are placed tentatively in the Pleistocene “C.” lentiginosus dia-
tom Zone, Cores 113-697B-2H through 113-697B-4H in the lower
Pleistocene C. elliptopora/A. ingens diatom Zone. The Plio-
cene/Pleistocene boundary is tentatively placed below Section
113-697B-4H, CC (58 mbsf).

Cores 113-697B-5H through 113-697B-8H are placed in the
upper Pliocene through lower Pleistocene radiolarian Phi or Chi
Zones; Section 113-697B-5H, CC, cannot be zoned using dia-
toms, but Sections 113-697B-6H, CC, through 113-697B-
9H, CC, are placed in the upper Pliocene C. kolbei/R. barboi
diatom Zone; Section 113-697B-10H, CC, again cannot be zoned
using diatoms. Sections 113-697B-9H, CC, through 113-697B-
23X, CC, are placed in the lower to upper Pliocene radiolarian
Upsilon Zone. The upper and middle Upsilon subzones could
be recognized (the boundary was placed between Sections 113-
697B-12X, CC, and 113-697B-13X, CC). Diatoms place the up-
per part of the interval assigned to the radiolarian Upsilon Zone
(Section 113-697B-11H, CC, through Sample 113-697B-15X-2,
48 cm) tentatively in the N. interfrigidaria Zone (upper Plio-
cene). Cores 113-697B-15X through 113-697B-24X (correspond-
ing approximately to the lower part of the radiolarian Upsilon
Zone) are placed in the N. angulata-N. reinholdii diatom Zone.

The lower part of the hole (Section 113-697B-24X, CC, and
below) is difficult to zone because of low abundance and poor
preservation of siliceous microfossils, but there are no indica-
tions that Miocene sediments were recovered in this hole. No
diatom zonation can be given for this part of the hole. Sections
113-697B-23X, CC, through 113-697B-29X, CC, are placed in
the radiolarian lower Upsilon or upper Tau Zone. The zones
cannot be differentiated because the zonal marker for the Upsi-
lon Zone (H. vema) is absent in this interval, while D. spon-
giosa (usually restricted to the uppermost Tau to Upsilon Zones)
is common. Sections 113-697B-26X, CC, through 113-697B-
29X, CC, are placed in the silicoflagellate D. boliviensis Zone,
but the upper boundary of the zone cannot be placed precisely
because of erratic occurrences of the species higher in the sec-
tion.

Sections 113-697B-30X, CC, through 113-697B-32X, CC, are
in the lower Tau radiolarian Zone because of the absence of Mi-
ocene forms and the common presence of L. grande, in agree-
ment with silicoflagellate data. Sections 113-697B-30X, CC, and
113-697B-31X, CC, can be placed in the silicoflagellate D. pseu-
dofibula Zone, which coincided with the lower Tau Zone at other
Leg 113 sites. The radiolarian assemblages in this interval are
similar to those at Sites 695 and 696, and contain Subantarctic
elements while typical Antarctic elements are rare.

The section recovered at Site 697 will be useful in providing
correlations between siliceous biostratigraphic and paleomagnetic
datums (see “Sedimentation Rates” section, this chapter), al-
though interpretations will be hampered in some intervals by the
erratic preservation and abundance of siliceous microfossils.

PALEOMAGNETISM

Site 697 is the deepest site of the three-site depth transect on
the South Orkney microcontinent. It is located in Jane Basin, a
back-arc basin formed behind the Jane Bank (King and Barker,
1988). The thick hemipelagic/pelagic sequence at this site offers
a unique opportunity to investigate fluctuations in Antarctic
Bottom Water (AABW) circulation during the late Neogene and
Quaternary. Deciphering the magnetostratigraphy of the sedi-
mentary record of Site 697 is crucial for an understanding of the
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chronology of major changes in the deep water-mass activity.
Previous paleomagnetic study of a few shallow gravity cores
from the Jane Basin suggests sediment accumulation rates dur-
ing the late Brunhes Chron of approximately 20 m/m.y. (Pud-
sey et al., in press).

We measured the natural remanent magnetization (NRM)
vector of 370 samples from the two holes cored at this site. Ad-
ditionally, whole-core susceptibility measurements were under-
taken on a majority of the unsplit core sections; a few sections
were unsuitable for such measurements due to disturbance dur-
ing recovery.

Magnetostratigraphy

The NRM vector-inclination distribution for Site 697 closely
parallels that found for Site 695 in showing a bimodal form
(Fig. 20). Clearly the coercivity of the dominantly clayey muds
recovered here is such as to resist normal polarity overprinting
to an extent that the NRM preserves a reasonably good polarity
record. Nonetheless, some improvement in quality and resolu-
tion is likely after magnetic cleaning.

Figure 21 shows the NRM inclination and intensity variation
downhole for Holes 697A and 697B. The magnetic intensities
range from weak to moderately strong (0.1-35 mA/m), but the
majority of values are greater than 1 mA/m. A number of well-
defined normal and reversed magnetozones are evident in the
inclination record. We have tentatively assigned these to the es-
tablished geomagnetic polarity time scale as shown in Figure 22.
This correlation allows fairly precise estimates of sedimentation
rates to be made independently of any biostratigraphic control,
from the lower Pliocene to the upper Pleistocene.

For the first time during Leg 113 we have paleomagnetic data
(Hole 697A, Fig. 23) derived from Brunhes Chron sediments
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deposited at a high rate. The downhole NRM inclination plot of
Figure 23A indicates that shallow to moderately dipping posi-
tive inclinations occur between 3.2 and 4.5 mbsf. It seems prob-
able that these represent a short reversed magnetozone which
can be provisionally identified as the Blake Event. Earlier obser-
vations of other high sedimentation rate sections have revealed
that a split sequence of reversed inclinations may characterize
the Blake Event, for example as reported by Creer et al. (1980)
for Gioia Tauro, Italy. The record preserved in Hole 697A ap-
pears also to show such a split Blake Event. Recognition of its
occurrence in Antarctica provides positive verification of the
global nature of the Blake Event as a true reversed-polarity geo-
magnetic event within the Brunhes Chron.

Therefore Site 697 provides a high-fidelity magnetostrati-
graphic record despite some intervals of poor recovery. Agree-
ment between the magnetostratigraphy and the diatom and radi-
olarian biostratigraphy is particularly convincing (see “Sedimen-
tation Rates” section, this chapter). This site will be one of key
importance in calibrating high-latitude siliceous biozonations
using magnetochronology for the late Neogene and Quaternary.

Magnetic Susceptibility

Whole-core susceptibility measurements were made for both
holes at Site 697. Figure 23C illustrates the variation in suscepti-
bility with depth for Hole 697A. The apparent overlap of Core
113-697A-2H with Cores 113-697A-1H and 113-697A-3H is not
straightforward, but the changes in susceptibility can be used to
attempt placement of Core 113-697A-2H in the correct depth
position. This is indicated by tie-lines on the figure.

Figure 24 gives the whole-core susceptibility data for Hole
697B. As noted at Site 694 high susceptibility spikes generally
correspond to dropstones in the cores but these must be either
igneous or metamorphic to give such a response. Cross-check-
ing with lithological descriptions shows that sedimentary drop-
stones do not produce a change in the background susceptibil-
ity. In the upper part of the hole, down to 120 mbsf, quasi-peri-
odic fluctuations in susceptibility are apparent. Visual estimates
of the thickness intervals relating to the shortest period between
susceptibility maxima are about 1 m. This would correspond to
a time span of approximately 23,000 years using the estimated
sedimentation rate of 43 m/m.y. determined for the Brunhes
through late Gauss, (see “Sedimentation Rates” section, this
chapter). We can speculate that a record of Milankovitch orbital
cycles may be identified in the susceptibility data we have ob-
tained at Site 697. Spectral analysis is necessary to prove these
conjectures.

There is a broad correlation between mean susceptibility
(Fig. 25) and the major lithological changes at this site. The
clayey muds have the higher susceptibility level of 25-30 10~
G/Qe, while the lower average susceptibility level, approximately
15 10-% G/Oe, corresponds to the diatom-bearing clayey mud.
The lowest mean susceptibilities occur between 140 and 196 mbsf.
An increase in the amount of ice-rafted debris together with ter-
rigeneous silt in the lowermost cores of the hole is reflected in a
trend toward higher susceptibility values.

SEDIMENTATION RATES

Biostratigraphic and Magnetostratigraphic Data

The sedimentation-rate curve for Site 697 (Fig. 26) is con-
structed from two different sources of data. Biostratigraphic
ages derived from diatoms, radiolarians, and silicoflagellates
provide one source of age information. The figure was con-
structed as follows. Biostratigraphic data points (boxes, verti-
cal/horizontal lines) are labeled with identifying numbers. Mag-
netostratigraphic data in comparison are shown as line segments
with unlabeled datum points (solid boxes). Error boxes for pa-
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leomagnetic data represent in depth the distance between two
samples of different polarities assigned to different magneto-
zones. From the preceding and the following magnetozone
boundaries a sedimentation rate, and from this a corresponding
error in the age determination is calculated. This age error is
represented by the horizontal box line. Biostratigraphic data are
of three types. First and last ocurrences of species which are
known to occur only within a finite depth interval are plotted as
vertical lines; the age of the datum is generally reported without
an associated error estimate. Age ranges for individual samples,
by contrast, have a finite age range but do not have a depth un-
certainty and are plotted as horizontal lines. Finally, a few FAD’s
and LAD’s for which uncertainty estimates are available are
plotted as boxes. Many samples have more than one age-range
estimate from different fossil groups. To make the overlap be-
tween multiple data clear, small solid circles are used to mark
the end of each datum which plots as a line. FAD’s and LAD’s
represent, respectively, the oldest and youngest possible ages for
a depth interval. Arrows indicate datums of this type, with the
direction indicating the time direction during which the species
occurs. Biostratigraphic data used to construct the age-depth re-
lationship (Table 7) consist of selected datum levels and zonal
assignments which have been correlated to the chronostrati-
graphic scale.

Magnetostratigraphy provides a second source of age infor-
mation. Magnetic polarity data were correlated with the geo-
magnetic polarity reversal time scale of Berggren et al. (1985)
(see “Explanatory Notes” chapter, this volume, and “Paleo-
magnetism” section, this chapter) without recourse to biostrati-
graphic data. Magnetostratigraphy for Site 697 provides the most
clearly defined polarity pattern of all sites drilled during Leg 113.
The polarity record can be completely assigned to the Pleisto-
cene and upper late Pliocene of the geomagnetic polarity time
scale. For this site the NRM stratigraphy can be used as a base
for comparison and calibration of microfossil zonation for this
time interval, although erratic microfossil preservation com-
monly makes identification of zonal boundaries difficult. A
straightforward interpretation leads to a fairly constant sedimen-
tation rate estimate from the upper Gilbert Chron through the
Quaternary and a higher scatter in the lower Pliocene due to poor
recovery and a less precise definition of reversal boundaries.

Sedimentation Rates

For the Pleistocene and upper Pliocene, sedimentation-rate
estimates are derived from both magnetostratigraphic age as-
signments and diatom datum levels, which are chronostrati-
graphically calibrated for this time interval. These data sets are
in close agreement and suggest a high and continuous sedimen-
tation rate of 40 m/m.y. for the Pleistocene through the upper
Gauss Chron (Fig. 26). This high sedimentation rate is in marked
contrast to other Leg 113 sites where the Pleistocene and upper-
most Pliocene is condensed or absent. Radiolarian age determi-
nations suggest a rate of sedimentation of 130 m/m.y. in the up-
permost Gauss Chron. Further shore-based studies are expected
to resolve the differences in dating by precise definition of strati-
graphic and reversal boundaries and/or perhaps the detection
of overprinted polarity intervals, which might require a revised
paleomagnetic age assignment.

Sedimentation rate estimates for the lowermost upper and
the lower Pliocene are based on combined radiolarian and dia-
tom datum levels. In the middle Gauss Chron, at approximately
3.0 Ma, the sedimentation rate increased to 125-150 m/m.y.,
continuing at this rate through the lower Gauss and Gilbert
Chrons. There is an age difference of 0.5 m.y. between the pa-
leomagnetic data and the placement of the base of the radiolar-
ian middle Upsilon boundary. The paleomagnetic and the dia-
tom datum levels appear to be in close agreement (Fig. 26).
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Figure 21. Downhole variation of NRM inclination and intensity for samples from Holes 697A and 697B.

Shorter polarity intervals might remain undetected due to poor
recovery in this interval, in which case a late Miocene age would
be indicated by paleomagnetic data for the bottom of the hole.
Paleomagnetic data, however, allow a clear polarity assignment
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at the present time and provide a sedimentation-rate estimate of
approximately 200 m/m.y. for the middle lower Pliocene.

The middle Gilbert Chron (C3N-1 to C3N-3) sediments ac-
cumulated with the highest sedimentation rate of 135 m/m.y. A
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Figure 21 (continued).

decreased rate of 78 m/m.y. followed until middle Gauss Chron
times (base of C2AN-1). From then into the late Brunhes, sedi-
mentation slowed to a rate of approximately 43 m/m.y.

The sedimentation record at Site 697 appears to be continu-
ous, with no apparent hiatuses in the Pliocene or Pleistocene.
The high sedimentation rate during the early Pliocene is similar
to that seen at other Leg 113 sites, reflecting the regional extent
of this pattern. Continuously high sedimentation rates in the
upper Pliocene and Pleistocene were not observed at other Wed-
dell Sea sites.

INORGANIC GEOCHEMISTRY

Introduction and Operation

Data on the chemical composition of interstitial water are
presented for Holes 697A and 697B. Due to a stuck core barrel,
Hole 697A was abandoned after APC-coring to 20.9 mbsf. One
whole-round sediment sample for squeezing was obtained from
the first core (Section 113-697A-1H-4). Hole 697B was XCB-
cored from 119.8 to 322.9 mbsf following washing to 18.0 mbsf
and APC-coring to 119.8 mbsf. For reasons discussed in the fol-
lowing sections on alkalinity and sulfate, a closer than usual
sampling scheme was employed. Thus, 15 whole-round sediment

Intensity (mA/m)

samples (2 of 5-cm and 13 of 10-cm thickness) for squeezing
were obtained from Hole 697B.

Chemical data are summarized in Table 8. For details on
sampling and analytical methods see “Explanatory Notes” chap-
ter (this volume).

Evaluation of Data

A charge balance based on the assumption of constant Na/
Cl ratio equal to that of present-day seawater reveals an errati-
cally increasing excess positive charge to about 1% below 200
mbsf. As with the previous Leg 113 sites, this trend is regarded
as being indicative of uptake of sodium (as suggested by
Manheim and Sayles, 1974), rather than systematic analytical
errors.

From the sulfate profile it is evident that the sample from
Section 113-697B-5H-3 is contaminated by seawater. In the vis-
ual core description the consistency of this core is described as
soupy. Drilling-induced biscuiting of the deeper cores was ob-
served, and it is possible that some contamination by seawater
has taken place. As contamination is by nature random, the
smooth concentration profiles at depth indicate that it has not
seriously affected the results.
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Figure 22. Preliminary assignment of inferred polarity reversal sequence at Site 697 to the geomagnetic polarity time scale and resulting sedi-

ment-accumulation rate curve.

Chloride and Salinity

Chloride data are presented in Figure 27A and Table 8. There
is a slight general increase in chloride concentration from 555
mmol/L in the upper section (Section 113-697A-1H-4) to a level
of about 570 mmol/L below 160 mbsf. Using the chloride/sa-
linity relationship provided by Stumm and Morgan (1981), this
corresponds to seawater salinities of 34.3 and 35.2%o, respec-
tively. As the seawater used for circulation during drilling is
taken from the upper (less than 10 m) water column, the low
chloride concentration in Section 113-697B-5H-3 confirms that
this is mainly seawater (see “Sulfate” discussion below).

The average salinity measured by the optical refractometer is
34.4%,. It varies between 32.4%, in Section 113-697B-19X-3 and
35.0%0 in Section 113-697B-13X-3 (Table 8). The salinity deter-
mined by the two methods does not correlate.

pH

The pH (Fig. 27B, Table 8) varies between 7.74 in Section
113-697B-16X-4 (163 mbsf) and 8.27 in the deepest sample (Sec-
tion 113-697B-31X-2), without showing any trends. The high
pH (8.99) in Section 113-697B-5H-3 is caused by contamination
(see “Potassium” discussion below).
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Alkalinity, Sulfate

The alkalinity data are presented in Figure 27C. The alkalin-
ity increased rapidly from 4.89 meq/L in the shallower section
(Section 113-697A-1H-4) to a maximum of 18.35 meq/L at
132.75 mbsf (Section 113-697B-13X-3) below which it decreases
to 10.1 meq/L at 305.5 mbsf (Section 113-697B-31X-2).

One of the main objectives of the interstitial water studies of
Leg 113 is the investigation of the formation (presumably bacte-
rial) of dissolved organic acids. The rapidly increasing alkalinity
indicates high bacterial activity. Thus, based on the alkalinity of
the two first samples (5.95 and 19.45 mbsf), it was decided to
sample the upper 100 m of the sediment column more frequently
(every core) than usual (every third core).

The alkalinity profile is steeper and the alkalinity maximum
is higher than observed at any other Leg 113 site. Above the
maximum there is a strong correlation between sulfate and alka-
linity (r = —0.99, n = 8). However, the increase in alkalinity is
less than half of what one would expect assuming stoichiomet-
ric oxidation of organic matter. Probably, alkalinity has been re-
moved by precipitation of carbonate (and possibly as proton ac-
ceptor in reversed weathering processes).

The sulfate profile is presented in Figure 27D. The concen-
‘tration of sulfate decreases from close to seawater value (28.0
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Figure 25. Individual core section mean susceptibility values plotted as a function of depth downhole.
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Figure 26. Age-depth interpretation of Site 697. See text for details about how the figure was constructed.

Table 7. Biostratigraphic data used to construct sedimentation-rate
curve shown in Figure 26.

Datum  Depth range Age range Datum of zone
number (mbsf) (Ma) or range

1 0.0-20.9 0.0-0.6 C. lentiginosus Zone—D

2 20.9-58.0 0.6~1.6 C. elliptopora/A. ingens Zone—D

3 56.1-63.9 0.8-0.8 Top assemblage Phi/Chi—R

4 68.0-105.0 1.9-2.5 C. kolbei/R. barboi Zone—D

5 101.1-129.6 2.4-2.6 upper Upsilon Zone—R

6 115.0-150.0 2.8-3.2 N. interfrigidaria Zone—D

7 129.6-231.3 2.6-3.4 middle Upsilon Zone—R

8 150.0-249.3 3.2-4.52  N. angulata/N. reinholdii Zone—D

9 231.3-288.2 3.4-4.4 upper Tau/lower Upsilon Zone—R

10 288.2-317.6  4.1-4.2 LAD D. pseudofibula—S

11 288.2-322.9 4.4-5.3 lower Tau Zone—R

Key to table: Depth range given for First and Last Appearance Datums (FAD's
and LAD’s). Age range given for zones, and in some instances for uncer-
tainty in age calibration of a FAD or LAD. Letters following each datum
name refer to the fossil group: D = diatoms; R = radiolarians; S = sili-
coflagellates.

mmol/L) in the upper section (Section 113-697A-1H-4) and sta-
bilizes at a value of about 6 mmol/L below 130 mbsf. The sul-
fate profile is similar to the profile observed at Site 696 which
suggests similar rates of sulfate reduction. For a detailed com-

parison however, sedimentation rates will have to be considered.
The consistent values below 130 mbsf indicate that most of the
organic matter available to microorganisms is oxidized above
this depth. This is consistent with the low and stable methane
readings (see “Organic Geochemistry” section, this chapter).

Phosphate and Ammonia

The concentration profile for orthophosphate is presented in
Figure 27E. The profile exhibits a broad maximum of 10-12
umol/L between 80 and 160 mbsf above and below which values
of 7-8 umol/L are observed. The spurious reading of 39 umol/L
in the upper sample (Section 113-697A-1H-4) is probably caused
by contamination (since the ammonia value does not indicate
extensive mineralization). The level of phosphate is generally
higher than observed at any other Leg 113 site. This is caused
partly by the higher rate of bacterial activity and partly by the
shallower position of the redox boundary (phosphate is desorbed
from ferric oxide/oxyhydroxide surfaces as these are reduced
upon burial; Stumm and Leckie, 1970).

The concentration of ammonia (Fig. 27F) increases from 0.1
mmol/L near the surface (Section 113-697A-1H-4) to a maxi-
mum of 1.1 mmol/L at 132,75 mbsf. The maximum coincides
with the alkalinity maximum. The slowly decreasing ammonia
concentrations with increasing depth below 150 mbsf indicate
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SITE 697

Table 8. Summary of shipboard interstitial water data.

Core, section Depth Vol Alk. Sal. Mg Ca Cl 50, POy K NH4 Si0y

interval (cm) (mbsf) (mL) pH (meq/L) (g/kg) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (sumol/L) (mmol/L) (mmol/L) (uxmol/L) Mg/Ca

113-697A-

1H-4, 145-150 5.95 50 7.85 4.89 34.8 51.68 10.48 555.0 28.0 39.6 10.2 0.10 880 4.93
1H-1, 145-150 19.45 50 7.93 9.48 34.6 49.69 11.38 560.9 23.1 8.2 10.0 0.44 389 4.37
3H-4, 120-125 42.80 35 7.80 12.00 33.2 48.01 11.83 557.5 19.9 9.0 8.8 0.56 663 4.06
4H-4, 115-125 52.45 65 7.82 14.56 34.4 47.45 12.34 567.0 16.8 11.8 9.8 0.71 899 3.84
5H-3, 115-125 60.65 50 8.99 5.62 34.6 47.60 10.31 552.0 26.5 B.6 14.8 0.38 162 4.62
6H-2, 115-125 68.85 7.94 16.64 34.8 45.17 12.66 567.3 13.1 8.3 9.2 0.87 761 .57
TH-2, 140-150 78.90 40 7.89 16.11 34.6 44,48 12.90 561.0 13.1 10.0 7.9 0.82 884 3.45
8H-3, 140-150 90.10 50 8.10 17.53 34.7 43,15 13.42 566.5 103 1.7 8.3 107 926 3.2
9H-3, 115-125 99.55 45 8.06 17.35 34.5 42.86 13.43 565.0 10.3 10.3 7.4 1.03 909 3.19
13X-3, 115-125  132.75 65 7.78 18.35 35.0 40.25 14,01 566.0 6.5 10.2 5.4 1.10 1055 2.87
16X-4, 115-125  163.15 7.74 17.74 34.8 39.35 14.48 570.0 6.2 11.9 4.8 1.00 1129 20
19X-3, 115-125 19075 45 7.84 14,00 324 38.29 14.76 568.5 5.3 9.3 5.2 0.92 1117 2.59
22X-2, 115-125  218.15 60 1.99 13.77 34.2 35.99 14.87 569.0 5.0 8.7 5.8 1.11 1021 2.42
26X-2, 115-125  256.85 35 7.89 11.08 34.8 3512 16.27 556.5 5.9 7.4 43 0.87 1020 2.16
29X-2, 115-125  285.95 40 7.93 11.57 34.6 35.71 16.21 5715 4.7 7.7 2.8 0.83 1040 2.20
31X-2, 140-150  305.50 35 8.27 10.07 34.8 32.44 17.89 566.5 7.0 6.9 29 1.07 968 1.81

that the rates of the reactions removing ammonia (mainly ad-
sorption and ion exchange processes, Berner, 1974) are low, i.e.,
there is very low bacterial generation in this interval. Ammonia
level is high compared with other Leg 113 sites.

Calcium and Magnesium

Calcium and magnesium data are presented in Figures 27G
and 27H, respectively. The concentration of calcium increases
from close to seawater value (10.48 mmol/L) at 5.95 mbsf (Sec-
tion 113-697A-1H-4) to 17.89 mmol/L in the deepest sample
(Section 113-697B-31X-2). There is a strong correlation between
calcium and magnesium (n = 16, r = —.97; Fig. 27I), but,
magnesium decreases 2.6 times faster than calcium increases.
Comparing the alkalinity and calcium profiles (Figs. 27C and
27G, respectively) suggests that in the lower parts the alkalinity
is controlled by the concentration of calcium.

The concentration of magnesium increases from 51.68 mmol/L
at 5.95 mbsf (Section 113-697A-1H-4) to 32.44 mmol/L at
305.5 mbsf (Section 113-697B-31X-2).

Potassium

The concentration profile for potassium is shown in Fig-
ure 27J. The concentration of potassium decreases linearly from
10.2 mmol/L in the shallower sample (Section 113-697A-1H-4)
to 2.9 mmol/L in the deepest sample (Section 113-697B-31X-2).
This is a more extensive depletion than observed at other Leg
113 sites. It is generally assumed (MacKenzie and Garrels, 1966;
Manheim and Sayles, 1974) that potassium is removed from pore
water by reversed weathering processes. Altered layers of vol-
canic glass are abundant at Site 697. The high value (14.8
mmol/L) at 60.65 mbsf (Section 113-697B-5H-3) shows that the
seawater used for circulation during drilling has been contami-
nated, probably by drilling mud remaining in the system.

Dissolved Silica

The concentration of dissolved silica (Fig. 27K) varies be-
tween 162 and 1129 umol/L (Sections 113-697B-5H and 113-
697B-16X, respectively). The lower value is caused by dilution
by seawater. For two replicate analyses the average difference
amounts to 1.5%, thus the scatter observed in Figure 27K is not
caused by random errors. It is not clear what causes the high sil-
ica level in the sample at 5.95 mbsf (Section 113-697A-1H-4).
Since this sample is contaminated by phosphate, the same inter-
pretation is made for silica. As at the other Leg 113 sites the
concentration of silica falls between values predicted (with ther-
modynamic data provided by Stumm and Morgan, 1981) for
saturation with respect to quartz and amorphous silica.
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Light Hydrocarbons

Modest levels of methane were detected in the first sample,
5.95 mbsf, and persisted throughout the penetrated interval.
Concentrations ranged from 21.2 to 117.8 uL of gas per liter of
sediment, showing a steady increase to a maximum at 78.9 mbsf,
and then declining with increasing depth, as shown in Figure 28.
Data are given in Table 9. Although it is possible that the meth-
ane is biogenic, methane/ethane ratios are lower than would be
expected, ranging from 8.8 to 107.1. Low ratios of methane to
ethane have characterized the Cenozoic section at all locations
in the Weddell Sea. It appears that in this instance, a modest in-
crement of biogenic methane might have been added to the low-
level methane-ethane mixture normally present. No hazard to
drilling was evident.

The source of methane in this section is unknown, whether
biogenic or thermogenic, although the question could probably
be resolved by carbon isotopic measurement. At Sites 695 and
696 sulfate is reduced to very low levels (1-3 mmol/L) at those
horizons where methane generation is prolific. At Site 697 sul-
fate decreases almost exponentially with depth, but only to 5
mmol/L at 285 mbsf. Sulfate concentrations are approximately
10 mmol/L at 70-100 mbsf, the depth region of the methane
maximum and thus it is improbable that the methane is being
generated at present. An alternative hypothesis would invoke a
brief interlude of anoxia sometime during the deposition of the
sediments at 50-100 mbsf (lower Pleistocene-upper Pliocene).
A methane spike of this age might have subsequently diffused
away from its source. However, the interstitial water chemistry
no longer reflects such an event, nor do the analyzed kerogens.

Rock-Eval Analyses of Kerogens

Data are presented in Table 10, also in Figures 29 and 30.
The figures indicate, by means of trend lines (Herbin et al.,
1984), conventional interpretations of the analytical data. A
prima facie interpretation of Figure 29 suggests that the Plio-
cene of Site 697 contains moderately mature terrestrial kerogens
of Type I11. Figure 30, however, shows that many are of low ma-
turity, having maximum pyrolysis temperatures below 430°C,
the equivalent of a vitrinite reflectance of 0.5%. A probable
cause of these apparently conflicting interpretations is illustrated
in Figure 31, representing earlier DSDP Site 535 (Herbin et al.,
1984) The trend of the data in Figure 31 represents progressive
oxidation of planktonic kerogen, ultimately yielding material
with Type III pyrolysis characteristics. It is suspected that simi-
lar oxidized planktonic kerogens are present at Site 697. Confir-
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Figure 28. Light hydrocarbon data, Site 697. Data given in Table 9.

mation of this hypothesis will have to await further analyses.
Recycled, mature kerogens of the type which dominated the sec-
tion at Site 696 are present. The proportion of oxidized, first cy-
cle kerogens approximately equals that of mature recycled kero-
gens, based on the limited number of samples analyzed.

DOWNHOLE MEASUREMENTS
No Downhole Measurements section was done for Site 697.

SUMMARY AND CONCLUSIONS

Site 697 was the deepest site of a three-site depth transect of
the circum-Antarctic water masses on the northern margin of
the Weddell Gyre. It lies in Jane Basin, at 61°48.63'S, 40°
17.74' W, at 3480 m water depth.

Jane Basin is a back-arc basin formed 25 to 30 Ma ago when
Jane Bank, then an island arc actively subducting South Ameri-
can oceanic lithosphere, separated from the South Orkney mi-
crocontinent (SOM). Jane Basin sedimentation thus extends
back to the upper Oligocene, but a prominent reflector at 550
ms (twt) at Site 697 separates a lower, probably turbiditic and
volcaniclastic sequence of likely early Miocene age and older,
from a mainly hemipelagic upper sequence. At present, Antarc-
tic Bottom Water flows northward through Jane Basin, and the
sediments should contain a record of bottom-water evolution.
At Site 697 we planned, in the time remaining of Leg 113, to
sample as much as possible of the upper sequence, which prom-
ised a high-resolution record of bottom-water production, cir-
culation, and sediment transport, uncomplicated by terrigenous
or volcaniclastic turbidites.

Two holes were drilled at Site 697 in 4 days, 2 hr, and 30 min
from 3 to 7 March 1987. At Hole 697A we penetrated 20.9 mbsf
and recovered 26.60 m (130%) in three APC cores. At Hole
697B we washed 18.0 m, then cored to 322.9 mbsf, recovering
188.27 m (62%) in 11 APC and 21 XCB cores. Drilling distur-
bance was generally minor, and severe in only a few cores. Hole
697A was abandoned when the APC corer could not be re-
tracted, and Hole 697B when time ran out.

The sedimentary sequence at Site 697 is mainly of hemipe-
lagic origin, with a minor siliceous biogenic component and nu-
merous thin, altered volcanic ash layers. Ice-rafted detritus (IRD)
is abundant near the base of the sequence only. Two lithologic
units are recognized, the first divided into three subunits.

Unit I: 0-293.0 mbsf, includes silty and clayey mud, diatom-
bearing silty and clayey mud, clay, and diatom clayey mud, and
is Pliocene to Quaternary. Subunit 1A, from 0 to 15.5 mbsf, is
upper Quaternary silty mud and diatom-bearing silty mud. The
diatom content fluctuates over a 2-m cycle. Subunit IB, from
15.5 to 85.7 mbsf, is upper Pliocene to Pleistocene clayey mud
and clay with diatoms rare to absent but for one core. Subunit
IC, from 85.7 to 293.0 mbsf, is mainly diatom-bearing clayey
mud but ranges between clayey mud and diatom clayey mud.
Diatoms are present in thin laminae and disseminated, and three
thin turbidites occur near 161 mbsf. At the base, an ungraded,
burrowed silt with dropstones may reflect an episode of stronger
bottom currents.

Unit I1: 293.0-322.9 mbsf, is lower Pliocene silty and clayey
mud. It is coarser-grained than Unit I, with abundant IRD and
very rare diatoms, and one possible thin silt turbidite.

Volcanic material occurs as dark gray and green fine-grained
ash laminae altered to clay, as disseminated glass and in a few
thin beds of coarse vitric ash. Dropstones are mostly sedimen-

Table 9. Headspace analyses of light hydrocarbons, Site 697,
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Core, section Depth Methane Ethane Propane n-Cy n-Cs n-Cg

interval (cm) {mbsf) Microliters (gas)/liter (sediment) Methane/ethane
113-697A-

1H-4, 145-150 5.95 21.2 24 0.9 — — — 8.8

IH-4, 125-129 17.05 24.0 0.7 1.6 0.2 — 0.7 34.3
113-697B-

3H-4, 120-125 42.80 103.1 2.7 0.9 3.7 — — 38.2

4H-4, 115-120 52.45 117.5 — —_ - 59.3 -

7H-2, 140-150 78.90 117.8 1.1 2.9 5 — 28.4 107.1

9H-3, 140-150 99.80 108.1 —_ — -_— 12.7 -

13X-3, 115-125 132,75 90.1 1.4 — —_ — 35.7 64.4

16X-4, 115-120 163.15 58.2 0.8 —_ 1.1 — 36.9 72.8

19X-3, 115-120  190.75 80.9 — — 2.1 - 15.9 —

22X-2, 115-120 218.15 77.0 B —_ 1.1 — 19.4 -

26X-2, 115-120  256.85 64.6 — — — — - -

29X-2, 125-129  287.55 62.8 — — —_ - 15.4 -




Table 10. Rock-Eval data, Site 697.

SITE 697

& _F HI o1
Core, section Depth '—52 mg(CO,z)/ TOC mgHC) mg(COp)/ Ty
interval (cm) (mbsf) mg(HC)/g(rock)  g(rock) (%) g(C) 8(C) Q)
113-697A-
1H-4, 145-150 595 0.04 0.50 0.53 0.34 147 155 474
3H-4, 125-129 17.05 0.03 0.36 0.54 0.38 94 142 552
113-697B-
1H-1, 145-150 19.45 0.03 0.56 0.53 0.38 147 139 554
3H-4, 120-125 42.80 0.05 0.39 0.64 0.43 90 148 555
4H-4, 115-125 52.45 0.03 0.23 0.51 0.37 62 137 511
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29X-2, 115-125 287.55 0.00 0.26 0.32 0.37 70 86 400
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Figure 29. Rock-Eval data, Site 697: hydrogen index vs. oxygen index.
Data given in Table 10.

tary, rounded or subrounded, and with a diameter of less than
2 cm. Bioturbation is minor. Authigenic minerals comprise fine-
grained carbonates near 200 mbsf, common pyrite below 90
mbsf, and an unidentified mineral (?zeolite) occurring irregu-
larly between 20 and 90 mbsf.

Illite is the dominant and most consistently abundant clay
mineral, as at the other sites in the South Orkney transect (Sites

Maximum pyrolysis temperature (Tp..)

Figure 30. Hydrogen index vs. maximum pyrolysis temperature (Tp,,,),
and maturity levels of kerogens from Site 697. Ro = reflectance (iso-
reflectance curve).

695 and 696). Chlorite is common to abundant, but less abun-
dant than in coeval sediments at Site 696 or (mostly) 695. Ka-
olinite is rare to common, as at the other sites, and smectite
quite variable, from absent to very abundant, probably reflect-
ing fluctuations in the amount of altered fine-grained volcanic
ash.

739



SITE 697

900 T T T T T — —T
Type |
. @site X =]
535 \
[
i ,Equivalenf Ro, 0.5%
- rI —
4!
£
= !
S 600 [— vl -
= Type 11 Jr 1
o L "\\ I |
£ g 1
g T N -
= I I
>
g LN
c | l‘l ,Equivalent Ro, 1.0%
e |— i —
< I ‘ll,'
g I ¥
‘g |
z 300 — \ -—
|
|
i Lo )
: : Equivalent Ro, 1.5%
o | o
L Type 111 _',.-..\ ) l\‘ :
e ! ' &
d ® NG N ™
' V\ S
" Yy
0 | ) R I W N | 1
350 390 430 470 510 550

Maximum pyrolysis temperature (T .. )

Figure 31. Rock-Eval data, Site 535 in the Florida Straits, showing con-
tinuous variability in degree of oxidation of Cretaceous planktonic ker-
ogens (from Herbin et al., 1984). Ro = vitrinite reflectance (isoreflec-
tance curve).

The biogenic component is completely siliceous, with dia-
toms dominant, minor radiolarians, and rare silicoflagellates and
agglutinated benthic foraminifers. Diatoms fluctuate widely in
abundance and preservation, from a few thin, pristine ooze in-
terbeds to more generally rare to few, poorly to moderately pre-
served: diatoms are more abundant and better preserved (the
thin oozes apart) in the Pliocene of Subunit IC than above or
below. Radiolarians are rare in Pleistocene sediments but com-
mon and generally moderately to poorly preserved in the Plio-
cene. Silicoflagellates are sparse or absent above 250 mbsf, more
common below. In general, siliceous abundance and preserva-
tion patterns follow those of other sites, but at lower levels. The
three sets of siliceous biostratigraphic data are in general agree-
ment.

Magnetostratigraphic zonation is reasonably precise; over-
printing appears limited and correspondence to the geomagnetic
polarity time scale is good, indicating high and smoothly-vary-
ing sedimentation rates. Rates range from 135-150 m/m.y. for
the Gilbert to middle Gauss to 40 m/m.y. from then through the
upper Brunhes. Quaternary rates are the highest of all Leg 113
sites, and the short-duration Blake event is provisionally identi-
fied near 4 mbsf, occurring as a doublet. The expanded section
at Site 697 provides a high-fidelity magnetostratigraphic record
with opportunities for calibration with siliceous biostratigraphic
data and for high-resolution paleoceanographic studies. Whole-
core susceptibility measurements show a short-wavelength vari-
ability which may reflect orbitally-induced changes in sediment
composition.
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A more detailed study of pore-water chemistry than at other
sites (except 695) showed a steep alkalinity increase and sulfate
decrease in the uppermost 70 m, indicating vigorous bacterial
oxidation of organic matter by sulfate reduction. Modest levels
of methane, peaking at about 80 mbsf, are probably biogenic, a
reflection of the high rates of sedimentation and of biosiliceous
productivity in the surface waters around the South Orkney mi-
crocontinent, particularly during the Pliocene.

The increase in abundance of coarse-grained, ice-rafted de-
tritus towards the base of Hole 697B reflects partly the lesser di-
lution by hemipelagic and siliceous biogenic sediment in the pe-
riod before the late early Pliocene. The near-absence of turbi-
dites confirms the original interpretation of the reflection profiles
and the unimportance of Jane Bank and the SOM as direct
sources of sediment since the early Pliocene. There is an abun-
dance of potential sources of air-fall volcanic ash including, to
the west, Deception Island in Bransfield Strait, James Ross and
other islands on the eastern margin of the Antarctic Peninsula,
and in the east the South Sandwich island arc. During the Plio-
cene and Pleistocene these sources changed their geographic lo-
cation relative to the South Orkney microcontinent (Bransfield
Strait probably did not exist at 5 Ma, and the South Sandwich
arc was probably only half as far away) but Sites 695, 696, and
697 are sufficiently close to each other that ash beds are a po-
tential means of stratigraphic correlation between them, where
core recovery permits. This could be particularly valuable for
high-resolution studies.

Quaternary sedimentation rates at Site 697 are at least five
times as high as at any other Leg 113 site. Since these high rates
are mainly for fine-grained hemipelagic rather than pelagic bio-
genic or ice-rafted sediments, they are a reflection of the amount
of sediment being transported in a nepheloid layer at the north-
ern edge of the Weddell Gyre. This origin is confirmed by the
uniformity of the clay mineral content (volcanogenic smectite
apart), compared with adjacent, shallow sites. From the scour
at the western margin of Jane Basin, it seems clear that the up-
permost 500 m of sediment in the basin has been laid down un-
der bottom-current control.

The main control over long-term sedimentation rates in this
lithology will probably have been the supply of sediment to the
nepheloid layer. In this respect, it is difficult to reconcile the
high Quaternary rates of deposition at Site 697 with the results
of drilling at the other sites. The Jane Basin hemipelagics could
be the suspended fines of turbidites from West Antarctica or the
Antarctic Peninsula, except that Site 694, characterized as a rep-
resentative destination of such turbidites during the earliest Pli-
ocene, is without major Quaternary turbidites. Is East Antarc-
tica a potential source? Hemipelagic sedimentation from East
Antarctica at Site 693 decreased markedly in the late Pliocene,
which we explained in terms of a more intense Quaternary glaci-
ation with an ice-cap grounded to the shelf edge all or most of
the time. The SOM itself is equally unpromising, either as a di-
rect turbidite source (Site 697) or as having an enhanced Quater-
nary sediment transport across the shelf to the southern margin
(Sites 695 and 696). One possibility is that the source is the win-
nowed fine fraction of West Antarctic and Antarctic Peninsula
turbidites, but that the distribution of unstable sediment at the
shelf edge has changed with the changing state of glaciation.
For example, it may be that turbidites are now more numerous
but that individual turbidites are smaller and do not reach the
more distal regions around Site 694 following the major earliest
Pliocene erosional event recorded at Site 694,

The absence of calcareous microfossils, including a layer
containing abundant Neogloboquadrina pachyderma (see Sites
689, 690, 692, 693, 695, 696) in the Quaternary sediments at
Site 697 demonstrates that, however deep the carbonate com-



pensation depth became in circum-Antarctic waters (it reached
below 3000 m on Maud Rise and 2400 m on the Dronning Maud
Land margin), it did not extend to 3500 m in Jane Basin. This
calcareous layer, which in most places will be within reach of
piston corers, provides a potentially useful paleoceanographic
indicator within the Antarctic water mass.
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: 8 CLAYEY MUD
o] Major lithology: Clayey mud, mainly dark gray (N 4/0), shading lo dark greenish
o pray (5G 41, 5GY 4/1) in Sections 1-3 and the base of Section 4. Cracks in
| ‘ * i 3-7 1o coring during rough weather.
4. Minor lithologles: Clay, very dark gray (N 30) or dark greenish gray (5G 4/1),
‘ occurs as fuzzy laminae commonly 5 mm thick imany are disseminated by
burrows), in Section 1, 63 cm; Section 2, B, 20, 46, 62, 72, 135, and 137 cm;
t‘ Section 3, 4, §, 13, 36, 71, 96, and 135 cm; Section 4, 6, 50, 58, 80, 101, and
" * 105 cm; and Section 6, 6, 10, 35, 47, 53, 66, 97, 116, and 134 cm. In Section 4
= ‘ thare is disseminated ash from 88-83 cm. Silt, gray (M 5/0), occurs as tiny (1 mm)
| o clasts in all sections, concentrated in Section 2, 15-34 cm, and Section 3,
L i ‘ 45-88 cm. Dolomite(?) silt, olive gray (5Y 5/3), occurs as rounded clasts 1-3 cm
o r * across, and'in disturbed bed at the base of Section 6.
=
.-'g . t. - to minor halo burrows.
r |t
: ‘ SMEAR SLIDE SUMMARY (%):
1,50 2,80 3,80 4,80 560 6,60 B8 143
{ o D D D D D M
N TEXTURE:
3 Sand — — - 1 - - -
= ‘ Sin 26 24 43 34 k] | 100
&~ ! i Clay 74 76 57 B85 81 62 —
u 5 COMPOSITION:
o
S S “ Quartz v 18 3y @B M RN 2
o| q I Feldspar 1 1 2 2 1 1 -
w | & o Mica 2 1 1 - 1 T -
= W= Clay B2 (3] 55 5 59 52 —
n ol = l L Voicanic glass 1 1 1 = - 1 -
Q | © o Calcite/dolomite(?) - - - - - = 08
b o e ‘ Accessory minerals 12 15 2 12 2 1 —
E X - 13 Glauconite - - ks - - 1 —
= Lo I t Heavy minerals 2 2 1 3 1 3 -
] wl> - Amphibole T T - - T = -
- =zl @ i t o Opaque minerals 1 1 1 2 2 0w -
o wl s - Diatoms - T T - 1 =
O o . t Radiolarians - - — 1 - L -
=] B
.
2| < |
(A
(A
: .
e
o
g | t *
L
> ‘
-9 i
—
& . lo *
wlo l ‘
=
o|o|x|e|n | 4
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SITE 697 HOLE B  CORE 3H CORED INTERVAL 3517.6-3527.3 mbsl; 37.1-46.8 mbsf §9783H 1 2 3 VI 5 6

LvL

BIOSTRAT, ZONE/ - . g
'g' FOSSIL CHARACTER | . | w 2le 5
olE 2la
1.3 L] = = I~ >
5188 E ; g g > AR E ;‘ LITHOLOGIC DESCRIPTION l . l I I
3;35“3.55 LithoLoeY o | B | »
HMEEFHHEHHREHE: H Io
HEIHHEHEBHEE: 328 I . I I I
©® a - -4 - = i~ o - = [-] 3
ol o - - - - - x x W st -3 - -
s lu|z|e|a|la|a|a|C|w| = a|w|w |5
o} GLAY and CLAYEY MUD I l I l l l
o Major lithologles: Clay and clayey mud (78-81% clay), dark gray (N 4/0). 2 0
o Sections 1 and 2, gassy and soupy lo vary disturbed; cracks in Sections 5 and
Q 7 d to coring di during rough weather, 2
o Minor lithologles: Clay, very dark gray (N 310, altered ash(?), occurs as laminae l
o] and burrow fills in Section 4, 85 and 96-105 cm; Section 5, 80, 125, 133, 139,
and 141 cm; and Section 6, 6, 37, and 90 cm. Silt, gray (N 5/0), occurs as tiny
o]
(1 mm) clasts in Section 4, 48 and 92 om, Section 5, 0-38 and 131-136 cm, and
throughout Section 6, 3
40 Minor to Drop: in Section 4, 44 cm (1.5 em iny 5
. o size), chiorite-biotite schist, subangular.
o 40
T SMEAR SLIDE SUMMARY (%):
j0
(o] 2,140 3,100 4,60 5,60 6 60 45
fo) o D o D D I
TEXTURE:
° 50
! »| send - 1 1 - 1 I I
Siit 23 19 17 9 20
‘ Clay 7 80 82 9 ] 5 5 I
‘ COMPOSITION: e 0 I l I l
‘ g Quartz 18 15 7 w0 l I . l I I
Feldspar — Tr — — T
o ] Clay 77 80 76 88 59 e 5
Z|ln | ‘ Accessory minerals 3 2 7 3 20
wls * Heavy minerals - 1 T 1 -
ol Opaque minerals 2 2 2 1 3
Q)
©la Amphibole - L L L -
ol B g & Diatoms 2 = = = 7
li" & _9_' o Sponge spicules tand - - - 1 75
ui yl® L t
Q &
o S | R id, 80
K
o ~ = \
w
4 2lel | o] - 85
a Wls
Ol W
o|g is| 90
alg ofo5] 95
+ :
s 1 oo T N O I
3 ) l l I l l l
-]
-
= <
ey t‘ *
2| t i1 g
.
L] +
‘ “
1 i 1 i
7 { I l I
Lo '
~
olo|d|ule| | | ke | ¥
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SITE 697 HOLE B CORE 4H CORED INTERVAL 3527.3-3537.0 mbsl; 46.8-56.5 mbsf
BIOSTRAT. ZONE/ =
= | FossiL character | , | & g @
ANEaRHEE HH
H § HE] % glal, GRAPHIC H
§ HEIEIME g El= g| o | Coosr fefE g LITHOLOGIC DESCRIPTION
NI A A A R Sl=|4
HE HHEHEHEEIHEER: 2lald
S HHHHHEHHEEE HEE
| CLAY, CLAYEY MUD, and DIATOM-BEARING CLAYEY MUD I I I I I
‘ Major lithologies: Clay in Sections 1 through 3, grading to diatom-bearing
o 5 0 clayey mud in Section 4; and clayey mud in Section 5 through CC, dark gray l I I I l
(N4JO).
1 t Minar litholegles: Clay, very dark gray (N 3/0), occurs as laminae In Section 1,
&1 and 94 cm; Section 2, 85 cm; Section 3, 7, 88, 130, 136, 141, 142, and 143 cm;
1.0 I ‘ Section 5, 49, 55, 82, and 86 cm; Section 8, B4, 101, and 105 cm; and CC, 1, 14,
@ and 26 cm. A ] occurs as burrow fills in Sectl 1,4, and
o ‘ 5, Clay, very dark greenish gray (5G /1), occurs as laminae in Section 3, 85 cm.
z These two minor lithologies are interpreted as altered ashes. Diatom coze,
- ! gray (M 5/0, 5Y 5/1), occurs as thin laminae in Section 3, 141 cm; Section 4, 8
- and 12 cm; and CC, 28 and 35 cm; and as clasts (broken-up beds?) 2-5 mm
> thick, in Section 4, and 93-96 cm. Siit, gray (| , ecours as tiny (1-
A 23-25 and 93-86 cm. SiI NSI0) iny (
g o 2 mm) clasts in all sections.
— %
?.‘9 ] ‘ * Minor to i D In Section 4, 83, 100, and 101 cm, l
. 2 ‘ black siltstone, rounded, 0.5 cm each in size. Dropstone in Section B, B4 cm,
3 black silistone, subrounded, 1.1 cm in size. I l l I I
: SMEAR SLIDE SUMMARY (%):
4 1,50 2,50 3,50 3,130 4,50 55 850 l I I l I
{ o b D M D o o
—
a|® i ‘ Sand 1 1 - 1 1 1
c|® ‘ L Sint 18 20 14 34 28 2 28
2 5 3 » Clay 81 79 88 85 73 70 7
-
w >l !0 COMPOSITION: l I I . I
= ~
u o1 Quartz 15 25 7 1 1w 2 15
o €l.: - Feldspar - T - - L = ==
=4 Slo 2 1 A *| Mica . = X 1T 1 1 2
w B~ - 1 Clay T g 83 58 68 ] 64
o Ql L 1. Accessory minerals 10 2 3 ) [ 1 7
| S| @ I t Amphibole b 1 - A3 m ™ 1
o H = 4 Opague minerals 3 2 3 3 3 2 2
5 o T o -1 t * Heavy minerals - 1 2 - 1 2 2
alS ) 4 1 + Garnet - T — — — — -
Iy ,..T.é T t Diatoms 1 2 1 20 10 5 7
= | P ° 4 Radiolarians T T ™ 2 2 T T
= = t Sponge spicules T - T - T L 2 l . I . I
1 1
4 o
e (™ '
I [wE]
e i 1 i A *
te » 4 A ¢ [
w
'l;n t‘ Ed
— 1 »
- 6 t
o] t°
olo { I I I I = o
el || * 1111
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SITE 697 HOLE B CORE 5H CORED INTERVAL 3537.0-3546.7 mbsl; 56.5-66.2 mbsf 6978-5H

BIOBTRAT . ZONE/ - E
= |FosSIL CHARACTER |, | w gla
H0OE | JE ZlE g|s
S |wlg|= gl¥ls GRAPHIC al2
gls|2|z|.|5(5|%|E - LithoLoeY | o | 2 | m LITHOLOGIC DEBCRIPTION
AHHEHHEHEAHE: HHE voA
; = g SlglE|G|la|l3|F]| & =1 e g y
Z|E(s|2|=2|d|2|E|%|| 8 z gl = 4
[ Z2|x o o o a [ @ = o "] *
o CLAY and CLAYEY MUD I (8 l I
- Major lithologles: Clay and clayey mud, dark gray (N 4/0), probably mixed with 2
drilling mud, soupy to very disturbed core. No primary structures. A few spots T
o] of pipe groase. d
1 ]
1.0+ o SMEAR SLIDE SUMMARY (%): l l I
' 87 57 i i1
] D D
o TEXTURE:
| Silt 15 2 l l l
] o Clay &5 78
= i COMPOSITION:
Quartz 0 10
w o Clay 8477
(& E Accessory minerals 1 1
< 1 Opaque minerals 2 2
E ] (o] Heavy minerals ™ 1
- . Diatoms 3 7
w = B Sponge spicules ™ 1
wd = o
o a
' H s -
= S ]
3} ] o]
; ] I
a . o
]
& - it
] o l l
] o] = l l
3 °© * l —
) . : I l
ala - : ! l
o|o|e|a|m Cl 1 : I i
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SITE 697 HOLE B CORE 6H CORED INTERVAL 3546.7-3556.5 mbsl; 66.2-76.0 mbsf
BIOSTRAT. ZOME/ - .
L | FosSIL CHARACTER | , | w g @
- =
E E 2|2 E 5 E GRAPHIC 3 5
3 &
§ SEHEMEHEE E - uhoLosr | g § " LITHOLOGIC DESCRIPTION
] =lel3]|lz|2]|2 wm|la| @ ZIR|-
E alal|z|o 1= 2 &= ' ]
A HHHEHHEIHEHE 25|
= o - - - - - x x tal - & | oW -
= w z|lxz|lala a a L] “ = ol e o«
=} CLAY and CLAYEY MUD
| Major lithologies: Clay and clayey mud (74-89% clay), dark gray (N 4/0), faint
05— ] minor bioturbation.
1 Minor lithologles: Clay (altered volcanic ash?), very dark gray (N 3/0), occurs as
laminae in Section 1, 51, B9, and 123 cm; Section 2, 34, 47, and 92 cm; and
10— Section 3, 7, 50, 56, 71, and 122 cm. Clay (altered volcanic ash?), dark greenish
~ gray (5G 4/1) laminae in Section 1, B3-B5 and 122 cm. Silt, gray (N 5/0), occurs
B sparsaly as tiny (1-2 mm) clasts in Sectlons 1 through 3, and in Section 4,
- 33-44 cm,
o i
= Dropstones in Section 1, 27 cm (0.8 cm long). In Section 3, 137 cm, very
W go angular tubular object, 2 cm long, like pyritized burrow.
olo
w o|a o
- .
5 @ 2 - " SMEAR SLIDE SUMMARY (%}:
2 wl . 1,50 2,50 3,50
- lx D D D
_4 L B TEXTURE:
o !
= Siit 2 1 8
o Ll g Clay 78 ] 74
o Zl3
o Wl 3 COMPOSITION:
2 _ 4
Slg 1 Quartz 14 1 18
._I o =l Faldspar T 1 1
a = 3 . Mica T — —
it - Clay 75 78 L
L b Volcanic glass 2 - 1
=3 Accessory minerals 3 10 5
r': N Heavy minerals ™ - 1
- B Glauconite 1 - -
L] - Opagque minerals -3 1 3
?'.“ . Amphibole 2 = 1
o) & 3 Foraminifers - - T
¢ = 4 ] Diatoms - - 3
wio] - = Sponge spicules - - T
ojo|c|w|lm ccl
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SITE 697 HOLE B CORE 7H CORED INTERVAL 3556.5-3566.2 mbsl; 76.0-85.7 mbsf
BIOSTRAT. ZONE/ = i
= |FossiL cHaRAcTER | | | w g @
8=
E HEIE E i § RAPHIC . %
wlgz|= & GRAPH a
§ ; E HMELE § E o LITHOLOGY ¢ E s LITHOLOGIC DESCRIPTION
NHHEHEEHBEHE: HEE
F|2|2|a|=|0|4|¢% la| = HEFE
Fle|z|2|a|T|=|E|S|8] & H K]
. CLAYEY MUD and SILTY MUD . l l
l Major lithology: Clayey mud and silty mud, greenish gray (SBG 5M1), with dark
t gray (N 5/0) layers in Section 2, 58 and 110 cm. I I l
1 t * Minor lithologies: Several voicanic ash laminae, dark greenish gray (5BG 5/1), 1
in Section 1, 118 cm; Section 2, 103 and 105 cm; and Section 3, 80 and 83 cm.
Silt clasts, white, mm-sized, are most abundant in Section 2. Their location is
I t shown in the sedimentary structures column.
t No dropstones. Minor bioturbation, I I I
p—
r t SMEAR SLIDE SUMMARY (%): I I l |
| ‘ 1,70 2,70 3,70 4,70 l EE
D ] D 4]
L 2 | {1*| rexmure
w t
w of._ | l’ siit 0 55 45 35 I l l h
5 E 8 ‘a Clay 70 45 65 -l
il o|x | COMPOSITION: l l I !
o wio {
3 ] . e Quartz 2 38 33 25 ‘ﬂ—q
o O o l Feldspar 1 2 1 2
[l ] Rock fragments - - = 1 { }
@ ~ *| Mica — 1 Tr T
w = l Clay 70 45 55 85
o =2 3 l * | \oicanic glass 4 6 4 4
o w2 Accessary minerals 1 4 3 == -
= ofe 1 Opaque minerals 2 4 4 3
9 t: Glauconite T T T T L
_tles Unidentified
[+B 9 § I white spheres ™ T — T a
- Amphibole — ™ T
L l Diatoms T - - e 4
(|
; t i 1 i !
. ! — |
- [ |
SHE tl i1 1 1 'r,_,-
‘ i1 1 4
]
oo E-3 ‘. o |
= |
d i i
L 1
: I I l q
“ J
. -
—_—
| |
' I l -
1
—
l l I —
= = = B
l S
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SITE 697 HOLE B CORE 8H CORED INTERVAL 3566.2-3575.9 mbsl; 85.7-95.4 mbsf 6978-8H 1

BIOSTRAT. ZONE/ ;
= | FOSSIL CHARACTER & ol e
H 8lE Elw
w|®| o 2lcl= = -
§ E a ; § ‘i g & Hov0s E E i ¥ E I l l l
e |zlze|= s|3|g|2]. I e - LITHOLOGIC DESCRIPTION
B HEHEMEHEE: HHE
2 |2|8|la|%|0lyleld|s] & Jlal5 l I l I
Fle|z|E|a|E|a|E|5|8| F HEE
jv I ‘ DIATOM-BEARING CLAYEY MUD, DIATOM-BEARING SILTY MUD, and CLAYEY I I l I
N o MUD
= 4 I
= 0.5 | Major lithologies: Di; bearing clayey mud, diatom-bearing silty mud, and
= T . I * clayey mud, predominantly dark greenish gray (5G 4/1), with minor layers of
= 1 j | greenish gray (56 5/1) and dark gray (N 4/0). The greenish gray (5G 5/1) layers
™ T appear to immadiately overlie the dark gray (N 4/0) layers, and have a
104 I gradational contact with the overlying material.
9 )
:'\'{ . ‘ M Minor lithologies: Altered volcanic ash layers, grayish green (5G 5/1), difficult
. to see in this section because of “blending” with the rest of the sedimant.
[t I These layers are most detectable when adjacent to the dark gray (N 4/0) layers,
- * which they commonly overlie. Silt, in white clasts, mm size and as patches in
t.] Section 1, 134-140 cm.
::... l b Is minor to hrougl with haio burrows and
-~ 2 #* Planolites.
b~ {
N ‘ SMEAR SLIDE SUMMARY (%): I I l l
1,70 1,135 2,70 3,70 4,70 580
{ o M ©O D D D
TEXTURE:
- g | ‘ Sand - — — T —_ -
9 " ] Silt 40 90 30 60 % 40
= ] o ] { Clay 60 10 70 40 75 80
= (‘i-'. L] = 7]
L Q ° 3 3 i * | COMPOSITION:
o o ]
= 2 ] i Quantz 17 3 B ™ B2
ok |~ 4 Feldspar T - T 2 T —
o Gl + !. Mica Tr - 1 1 -_ 1
xls . Clay 60 10 70 40 75 60
o wl|a - 5 Volcanic glass 2 - 4 4 3 2
o =lo i hl Accessory minerals i 82 - = e -
o o | * 4 Unidentified
= A - white spheres 2 — 1 1 T 3
(%] l ‘ + Opagque minerals 4 2 3 4 2 2
~ ol Amphibales T - = L - -
o 4 l Diatoms 15 3 5 15 2 1
= Sponge spicules — — - - — T
L
: t . I . l I
3 : {
- 1 L,
>4 -
1 5] 3 { I . . I
: ] |
¥ B
] - +
?-\. E L
i | i 111
== ™ = l t
mm O ujo :.g cq 3 l l l l
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SITE 697 HOLE B CORE 9H CORED INTERVAL 3575.9-3585.2 mbsl; 95.4-104.7 mbsf
BIOSTRAT. ZONE/
= | FossiL character | o, | 8 glg
3 w|®[w [] 2 = 5 L
5 |6|5]%2 B(gls]. crapic | 5|8
§ tl8lz|, . |s|2|8[E 5 (R g n LITHOLOGIC DESCRIPTION
o |2|8)28|3]|2 2| .]=2|s] B 5l=| 2
Yl|= Sle(=|wlo|F|=]| w 1 -1 &
S |S|E|S|z|F|F|E|%8]| & AHE
- e T | = o o a { o 3 2 E - @
CLAYEY MUD
- Major lithology: Clayey mud, dark bluish gray (5B 4/1) and bluish gray (5B 5/1)
. s in Section 1, dark bluish gray (SBG 4/1 to 5G 4/1) in Sections 2 and 3, and dark
7 gray (N 4/0) In Section 4.
. Minor lithologles: Diatom-bearing clayey mud, graylsh green (5G 4/2), thin layer
in Section 2, 140-142 cm. Pyritized-diatom coze laminae in Section 4, 75-79 cm.
Altered volcanic ash layers, dark gray, in Section 2, 60 and 140 cm, and
Section 4, 7 cm. indurated ulcar\eous structures in Section 2, 70 cm,
to be of unk gical origin, are termed fossil “fish eggs"
bncauae of egg-shaped cohesive sructure, although they may be burrow fills or
fecal material. Individual structures are 1-2 mm long.
s Bi includes halo burrows. Dropstones occur in
-y Section 2, 10 l:m :2 om in aizn}. igneous rounded; Section 2, 18 em (2 cm),
%J el s pyrite concretion; Section 3, 11 cm (0.3 cm), sedimentary, subangular; and
w =] g Section 4, B0 cm {3 mm), igneous angular. Siit clasts are common.
(5] =
(=] @l .
= & @ E SMEAR SLIDE SUMMARY (%):
b
= [ P ol 1,86 1,142 3,58 4,78
4 w| e i D M D M
w ala = TEXTURE:
o als .
& 2= siit s 48 3B -
. Cl 85 52 -
o i
COMPOSITION:
: Quartz 20 23 v 5
Fm Feldspar 1 - 2 —
0 Rock fragments - 1 T -
e Mica — 3 — -
F~ Cla 6 52 64—
E Volcanic glass 3 3 1 T
b Accessory minerals 2 2 3 T
B Opague minerals 1 1 1 -
- Zeolites T - - -
- Glauconite T == - -
2o E Pyrite - = = 3
o|m| | w]o ] Diatoms 8 15 2 80
Sillcotlageliates = R - -

6978-9H
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SITE 697 HOLE B CORE 10H CORED INTERVAL 3585.2-3594 8 mbsl; 104.7-114.3 mbsf
BIOSTRAT. ZONE/ 7
= | FossiL cuaracter | o, | g @
HORORHEE 4L
u |Z] 2] 2 o g wlE
i H & GRAPHIC ale
§ HEIEINE g g|& umooer || 2] LITHOLOGIC DESCRIPTION
AEEREHEHREHEE: Zla)u
ClE HHEEBE AR E HEE
28| 2|g|=|d[F2|2[8]| & H I E
- E = x|lo|lo o & o w = =1 g -
;a ‘ ‘. CLAYEY MUD
,.—:.0! 1' t. Major lithology: Clayey mud, dark greenish gray (5G 4/1)
L
Minor lithologies: Altered volcanic ash(?), diffuse, 0.5-30 mm thick, grayish
‘ * green (5G 5/2) and dark gray (N 4/0) layers, particularly concentrated in
* Section 3 (B layers). Slit, as light colored mm-sized clasts composed mainly of
I silt-sized quartz. Clasts are evenly distributed (20-30 per section) throughout.
Calcareous Indurated layer, fossil “fish eggs” in Section 2, 43 cm, cohesive;
‘ individual structures are 1-2 mm long.
L4
L Dropstone, Section 2, 135 cm, igneous, 0.8 cm long. Moderate to slight drilling
* disturbance at top of Section 1 and below Section 3. Minor bioturbation.
»
SMEAR SLIDE SUMMARY (%)
L
w * 1,70 2,70 3,70 470
F b D D 0 [}
u = . TEXTURE:
w
e =1 4 s % 2
3 9 : Clay 75 70 70
o
& & " ‘ . COMPOSITION:
ke
W & - Quartz 12 w7 e
a =) & {e Feldspar = = 2 2
= | » Rock fragments = — 1 1
{]*]| Mea - n = 1
* Clay 7% ko 0 70
‘ Volcanic glass 4 2 2 3
Accessory minerals 3 3 2 2
‘ * Opaque minerals 4 2 3 -
ol Unlidentified
white spheres - -_ 1 T
‘ o Diatoms 2 4 2 2
l’
o
x|
Ly |
5 b,
. te
Zla t
mjmj Ol elo ¢

697B-10H

1
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SITE 697 HOLE B CORE 11H CORED INTERVAL 3594 8-3600.3 mbsl; 114.3-118.8 mbsf
BIOSTRAT. ZONE/ - .
= |FossiL cHaracTer |, | w g ®
5 aT=l<l 1212|5 HE
 |&E|5|3 2l¥ls GRAPHIC als
§ s § i § ; g E . LithoLogy | g E - LITHOLOGIC DESCRIPTION
" slel2]l2]2 l2le| & Sla|Y
A HEHHEHEEEHEE: =
- =2 - - - - - x x it il [ ™ -
[ = xlo|la a a o @ bl a|e L
CLAY
Major lithology: Clay, dark greenish gray (3G 4/1), in Section 1 and upper 50 cm
of Section 2, is strongly disturbed by drilling.
1 * Minor lithologies: Altered volcanic ash layers, four graylsh green (5G 5/2),
tilted, diffuse layers in upper hall of Section 4. Silt clasts. small {mm-sized),
Eomposed of silt-sized quartz, are d th di areas.
B {as trom of dark gray (N 4/0) mottles) is
minor.
SMEAR SLIDE SUMMARY (%):
w ol @ 1,70 2,70 3,70 4,70
z Slc v |2 | o * D D D D
8 = g P ! t. TEXTURE:
° 8|5 sl =
3 S L sit 20 15 15
G |t t Clay 80 85 8 &
« wl @ b
w [ E t. COMPOSITION:
o aj-=
o 2] . * Quartz 9 9 4 3
o 4 Mica T — — —
= 20 t * Clay 80 8 8 80
s 3] 3 t. Volcanic glass 4 2 4 4
= Accessory minarals Tr - 3 2
. o Opaque minerals 2 2 2 2
o Unidentified
I white sphares - T - -
e t Diatoms 5 2
.
- 12522
L] t #|
t *
s 4
=) to .
[
o r:,g
oflo|u|u|a| |®

6978-11H
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SITE 697 HOLE B CORE 12X CORED INTERVAL 3600.3-3609.1 mbsl; 119.8-128.6 mbsfi 6978-12%
BIDSTRAT. ZONE/ )
£ |FossiL cuaracTeR |, | @ gle
g =] = w12 5 &
SHELE z|alg cawic | 2|5
@)=
§ S E] |, § .E‘ § H £ ummocoer | o H LITHOLOGIC DESCRIPTION
clslslalzig|3] . ele| 8 215y T
EEHEHHHHEHEHEE 3ald %
I HEPHHEEEE ] s|8|a ‘
- DIATOM-BEARING CLAYEY MUD
] Major lithology: Diatom-bearing clayey mud, dark greanish gray (5G 4/1). Silt
0.5 clasts are prasent, bul the core Is too disturbed to determine their pre-coring
4 location.
1 3 -
T_O—- SMEAR SLIDE SUMMARY (%):
- 1,70 3,70 I
] e 3 ¥
- TEXTURE:
w 2 ] Silt 48 50
| s ]
5 2 § . Clay 52 50
o 3 Prs = "
2 '3.. > 2 .-] COMPOSITION:
o S|e B Quartz 20 2
o x| 1 Feldspar 4 4
@« w2 __! Rock fragments - 4
w olc < Mica 3 1
o a|= p Clay 52 50
o 2| . -1 Volcanic glass 5 -
=1 = 1T — - Accessory minerals 3 4
- Opaque minerals 2 2
E Glauconite T -
] Diatoms i 15
Radiolarians - T
3 -
| 7]
o|ofuu|o e
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SITE 697 HOLE B  CORE 13X  CORED INTERVAL 3609.1-3618.7mbsl; 128.6-138.2 mbsf go7g1axl 1

BIOSTRAT. ZONE/ w -
= | FosSIL CHARACTER | , | w HE
> eTalel |2 E g HE
Wl m|= 4 3= GRAPHIC FEY
§ S N EE g|E = LiTHoLoe | @ P LITHOLOGIC DESCRIPTION l l l
SHEEHHEREREE L
A HEHEHEIHEHEE 2|8 I I .
Slel=|=2|2|2|2|z|x|w| @ & |w|=
wlz|= ola a a o L = ale| e
1< I { DIATOM-BEARING CLAYEY MUD I I I
4% H ‘ 9 Major lithology: Diatom-bearing clayey mud, dark gray (N 4/0) to dark greenish
o5 ¢ I " gray (5G 411). l I I
1+
1 ] ‘ Minor lithology: Clay, very dark gray (N 3/0), occurs as laminae in Section 1, 19,
] % 22, 49, 78, and B0 om; Section 2, 20, 44, 79, 103, 122, and 127 cm; and as small
1.0~ [ T= burrow fills gl 1.2 and 4, g bearing diatomn
- ooze, light olive gray (5Y 6/2), occurs as thin laminae in Section 2, 140, 142,
T t and 150 cm, and Section 3, 0, 15, 23, 28, 31, 32, and 51 cm. Mud-bearing diatomn
."’..“ 3 E ' ooze, gray (5Y 5/1), occurs as graded bed In CC, 14-16 cm. Silt clasts, gray, in
) I~ t Section 1, 18 cm, Section 2, 106 cm, Section 3, 38 cm, Section 4, 143 cm, and
" - t 2 CC, 17 em. l I I
. :_"% | t Dropstone in Section 1, 132 em, biotite schist, subangular, 7 em in size
) \.{t | t * (broken). Scatterad sand grains in Section 4, 120-140 cm. Minor biolurbation.
2zl ¢t
g L SMEAR SLIDE SUMMARY (%): l I l
— ¢
c|m 1.1 - t 1,50 2,60 2,143 3,50 4,50 CC, 18
v 2L E _q,' iy ] 5} o M o o M
] ol e = L *| TEXTURE:
=4 (=1 3 |
L= S o 4 ™ Sand 1 T - - 1 -
= s s l silt % 3% - T
a E e 1 - 1:: Clay 74 64 63 69
L] I
14 o= = * :
& 3lg 5| | l COMPOSITION: I . I
2 = . [k Quartz 0 15 1N 14 B
S = m [ B | Feldspar ™ - - 1 1 s
I * Mica 1 1 = L -
] TW!1  Clay 4 81 5 63 69 13
. TOHGG Volcanic glass - - - 2 1 2
N 1S | Accessory minerals:
] Micronodules - - T - - —
4 | l Opaque minerals 3 3 1 2 2 ™
4 Heavy minerals 1 2 - 1 1 -
p I ‘ Amphibole T T - T T nt
~ * Unidentified
4 ] ‘ white spheres - 3 — - 5
5 Glauconite - - T - - -
: t Diatoms 1 15 7 17 12 69
o = Radiolarians T - 1 - - -
| q Sponge spicules T b 1 T - ™
- 4 ‘. Silicoflagellates - - 12 1 — B
0
allE= 111
© L 5 ] ‘ 4
= A
2_ L] . 1 loeel 5 l l I
m|o|o|<|o cCl o l I l
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SITE 697 HOLE B  CORE 14X CORED INTERVAL 3618.7-3628.4 mbsl; 138.2-147.9 mbsf 6978-1ax/ 1 2 3 4 5 6 7

BIOSTRAT . ZONE/ ;
§ FOSSIL CHARACTER | ,, | £ gla
=1 o | & 2| &
h E 2 g ‘E " § GRAPHIC g E
2 -
§ ; ® gl s g g |, " LITHOLOGY e g 4 LITHOLOGIC DESCRIPTION
v1lzlsldl2(2l18]..l21e]| & Sl= |4
I HE R EIH AR 245
FlE|z|2|a|z|=|E|5|8] ¥ AL
ERE i u DIATOM-BEARING GLAYEY MUD, CLAYEY MUD, and MUDDY DIATOM OOZE l l l l I
T | t Major lithologies: Diatom-bearing clayey mud, dominant lithology grading o
0.5 | muddy diatom coze in Section 2, clayey mud in Section 3, 0{7)-78 cm, and
T * dialem clayey mud in Section 3, 78 cm, lo Section 6, dark gray (N 4/0). Burrow
! ] | I fills of clay, very dark gray (N 3/0), hout core; these d from about
i ‘ 5% of sediment surface area in Section 1 to 1% in Section 5. I l l I .
1.0 H
T | Minor lithologles: Vitric ash, very dark graylsh brown (2.5Y 3/2), occurs as
] . ‘ burrowed and disturbed laminae in Section 1, 41, 81, and 111 cm. CIay dark
s greenish gray (SGY 4/1), occurs as faint v thin beds in Secti
] | t through 4; 22 layers totalling 31 cm. Diatom coze, gray (N 5009, occurs as |'h1n
4 =~ burrowed laminae in Section 1, 67, 110, and 117 cm, and Seclion 2, 21, 50, 78,
Tr i3 | ‘0 B3, 86, 90, 84, and 121 cm. Silt, gray (N 5/0), occurs as liny clasts in Sections 2
- -
e through 6.
- i
: i Rl :'— ‘o L2 Moderat ion, minor in Gand 7 of lack of color l . . . l
- |2 1~ = contrast. Dropstones in Section 2, 141 cm {4 cm long), quartz-biotite-garnet
‘e ™ = ‘ schist, angular; Section 3, 17 cm (1.5 cm long), quantz, angular; and Section 6,
P; g ~ }'— 57 c¢m (1 ¢m long), mudstone, rounded. Pyritized burrows in Section 2, 60 cm,
R ‘o and Section 5, 128 and 140 cm.
{1~ =
g 2 SMEAR SLIDE SUMMARY (%):
] i 1,42 1,50 2,55 3,50 4,42 4,50 I I I I '
9 D D
= ‘ «| TEXTURE:
=l |2 | i1 111
-] 1 Siit a7 39 - 22 85 38
;‘6 - ‘ 1 : : - 2 . ’ . l l I .
ul e bt ] ‘. COMPOSITION:
clw o
& s|3 I " Quartz T 7 w0 10 l . l I l
o sl= Feldspar - ™ 1 —_ _ -
=] ale i [ Mica - 2 2 = = =
= =1 P e . ‘ Clay 3 59 a 78 15 59
a wls ™~ | t Volcanic glass a3 3 - - - -
] B - L Calciteldolomite(?) - - - - n -
o alc 4 T H Accessory minerals:
i al= 3 | ‘ Amphibole - r = L3 e T
o = 1 ! Glauconite — T T T - -
S = ] Heavy minerals T 2 1 1 - b
1 | ‘ Opaque minerals — 1 - 2 1 1
o~ - Diatoms 3 20 50 7 10 30
- ‘ Radiolarians - - - - - T
Sponge spicules - T - 2 - T
1 I Silicoflagellates - 2 2 - - A
£ ] g0 g@ i 1 1 11
o s I TEXTURE: I . I . l
o ] L
S ] o Sand 1 2
_— — b st 2 35
[ ] ‘ Clay 57 63
- L
. ‘o COMPOSITION: I I l l l
-
. Quartz 7 15
:\" ‘ Feldspar — T . I l I .
- Mica T ™
i A% ciay 57 63
6 - | t < Volcanic glass T =
+4 Accessory minerals 1 —
a t “ Amphibole = T
—t | Heavy minerals 1 T
- t Opague minerals 2 1
- Diatoms 30 20
T ‘ “ FRadiolarians 1 1
= Sponge spicules T -
-*V} . ‘ Silicoflagellates 1 —
7 1 -
1 t 11 1 ¥ #
ola ] |
o|o|d| o cqd Tv===dll I I l I I
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SITE 697 HOLE B CORE 15X CORED INTERVAL 3628 .4-363B.0mbsl; 147.9-157.5 mbsf 6978-15X 1. 2 3 4 5 6 7

BIOSTRAT. ZOME/ .
£ | FossiL cuamacten | | €| a
Eral= w1 2| & 3le
¥ &)z g gluly GRAPHIC HE
w | = - ' =1 g
§ ; 4 £le g g E & 2|0 umocosr g€ LI THOLOGIC DESCRIPTION l l .
N 3| zleal - |lz]12| & ==
HEHHEHEEHEE 318
FlelF|d|a|a|2|T|3|8| F HELE
J-at H t DIATOM-BEARING GLAYEY MUD, CLAY, DIATOM CLAYEY MUD, and CLAYEY MUD I I I l
1
4 _u' Major lithologles: Diatom-bearing clayey mud in Sections 1, 2, and 4; grading
05 1 i I to clay in Section 3; to diatom clayey mud in Section 5 and in Section B,
. :u‘l LV 0-82 cm; and 1o clayey mud in Section 6, B2 cm, to CC; dark gray (N 4/0).
] l 9 Minar lithologles: Dialom ooze, gray (5Y 8/1), occurs as laminae and burrow
1.0 * filis from Section 1, 103 cm, to Section 2, 27 ¢m, and in Section 2, 39-76 cm,
1 forming 10-20% of the sediment. Also isolated laminae in Section 2, 83 cm;
] Sectlon 4, 53 and 85 cm; and Section 5, 33, 53, 55, B4, B9, 100, 111, 116, and
g ‘ 123 cm. Muddy diatom ooze, gray (N 5/0), in Section 5, 137-144 cm. Clay, very
dark gray (N 3/0), occurs as laminae and thin beds in Section 1,93-96 cm;
T E Section 2, 14, 34, 48, 53, and 55 cm; Seclion 4, 81, 74,102, 106, 110, and 121 cm;
3 Section 5, 130 cm; and Section 8, 11, 62-65, 82, and 106 cm. Clay, dark
4 - greenish gray (5G 4/1), occurs as very thin beds in Section 1, 82-93 om;
- Section 4, ten 1-cm beds from 45 1o 112 cm; and Section 5, 53, 86, 106, 113,
2 B and 130 cm. Siit, gray (N 50), occurs as tiny clasts in Sections 2 through 7.
] to minor bi Dy in Section 1, 83 cm (8 mm in size),
- F - siltstone, rounded; pyritized burrow in Section 3, 61 cm{1 cm). I l l I
Y I: SMEAR SLIDE SUMMARY (%): l l I I
1 ! 1,100 2,31 2,100 2,100 4,100 5,100 6, 100
S D M [+] D o D D
‘ TEXTURE:
»
{e Sand T o2 ™ - 2 W
3 siit 8 7 25 16 44 40 3
l " Clay 72 20 75 84 54 58
|| comrosmon i1 i B
Quartz 7 1 7 10 20 10 %
l Feldspar - - T - T - T
] Mica - - 1 - — T T
. ! Clay 72 20 75 B4 54 58 86
L 1 * Volcanic glass - 5 - = = = =
o ] ! Calcite/dolomite(?) - 43 - - = — =
—< S5 Accessory minerals:
o 4 2 '5 Glauconite - - == == = = ™
. Amphibole - - - - b w ™
b e Garnet = = - - - — T
= Opaque minerals 1 — 1 1 1 1 2
w < = - Heavy minerals T — T L T T L
= Sls - Zeolites(?) — 1 - - — - -
by =g 1 Diatoms 20 0 15 5 2% 0 7
g @l-= ‘. Radiolarians T - 1 — T 1 T
_ % 2 1 Sponge spicules - - b T — T T
0 £ ] L Silicoflagellates - - - - - w i
o I:I.I “ -
L —
@ (=] B -
w alc 5 N t
E =l ]
o = . i+ *
i EERN : l i 111
o | s # I l I I
g (¢ 3 {4
-~ -
= L] !. -
L]
"
i1 0
L] = 7
o4 i ty
~| %
o| | S| o|® CC {
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SITE 697 HOLE B CORE 16X CORED INTERVAL 3638.0-3647.7 mbsk; 157.5-167.2 mbsf
BIOSTRAT. ZONE/ .
= |rossiL cuamacten | | 8 1
B a{8|& 5le
=« |8|2|g| |Z|E|% el 2
Wl =l GRAPHIC a|e
§ HEIEI § g8k . Linocosr | @ Bl LITHOLOGIC DESCRIPTION
v s|sl2|2[2(3).|2(2] & Sle| 2
R HHHE R 2115
El2|z|E|a|2|2|E|5|w| 2 ]
] - 7 * DIATOM-BEARING CLAYEY MUD and CLAYEY MUD
] - L Major lithologles: Diatom-bearing clayey mud, dark greenish gray (5GY 4/1).
0.5 - * - Clayey mud, dark greenish gray (5GY 4/1, grading to 5G 4/1).
1 1 1/ Minor lithalogy: Silt, as white clasts throughout the core. Silty mud, dark
* grayish brown (2.5Y 4/2) layer and patch, Section 5, 107 and 140 cm, Silty mud
1 D& to clayey mud turbidite, Section 3, 45-80 cm, consists of 3 graded units. Pale
* green laminae, sometimes assoclated with dark gray (M 4/0) laminae, in
1 i Sections 5 and 6. Dark gray (N 4/0) streaks throughout the core.
"~ y Vd Dropstone, in Section 6, 35 cm (2 cm in size), mudstone, rounded.
5 ] /
4 ] /7 SMEAR SLIDE SUMMARY (%):
- *
= b / * 1,50 2,50 3,50 3,72 4,50 550 650
o 2 . o D D M 3] D I
;;‘ ] TEXTURE:
. - Sand Tr 1 2 158 - - W
] Sin 35 45 48 46 22 3
N ‘ Clay 85 54 50 39 78 74 77
I‘_‘; ] ‘ - COMPOSITION:
S 3 ‘ - Quartz 12 12 17 41 10 12 8
o -] * Faldspar 1 1 - 3 1 T 1
% S| ] Mica 1 = 1 = — ! 1
o 2e 3 . e Clay 62 54 49 39 7 72 73
(= @l . (e Volcanic glass 3 2 3 4 1 1 1
o al - l t Accessory minerals 3 - 1 — 1 2 4
3 Sz ] Amphibole — = = 1 1 e 1
o wi| . & Glauconite 1 1 1 1 - 1 -
- o B ‘ Heavy minerals 2 3 1 2 2 1 1
o all® a 7] * Opaque minerals 2 2 2 5 2 4 2
u Slm - R t Micronodules HE 2 & 1 = hid 5
= 3|3 < 3 4 Diatoms Mmoo 2 3 5 7 8
3 g- -+ I Radiolarians - T - - - - -
b = Sponge spicules Tr 1 T -_ T T T
2 " + o Silicofiageliates 2 4 2 = — - i
S o El
= E 3
* ] .
" w
] 06
|
L
*
5
%
@ ‘ L
23
- 6
9 — i&n
= .
== L
o|o|J]|u]|o CC

697B-16X

5
10
15
20
25
30
35
40
45
50
55
60
65
70
15
80
85
90
95
100
105
e
1E
120
125
130
135
140
145
150~
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SITE 697 HOLE B CORE 17X CORED INTERVAL 3647.7-3657 .4 mbsl: 167.2-176.9 mbsf
BIOSTRAT, ZONE/ }
T | FOSSIL CHARACTER | g Ble
3 aHEE -
<2122 |Z|& § a2
wlg|= & GRAPHIC -1
g | E Zle|2 § g&]. o | tmoLoer | o §_ a LITHOLOGIC DESCRIPTION
P 2lE|IE2|S] 12|28 = Sle|3
HHHBEHHEIHEHEE 3a]|d
lE|z|2|a|a|a||E|8| = HEE]
] CLAY, CLAYEY MUD, and DIATOM-BEARING CLAYEY MUD
] Major lithologies: Clay (Sections 1-2), grading to clayey mud (Sections 3-4),7d
5 . * and diatom-bearing clayey mud (Sections 5 through CC), dark gray (N&/0)..
b | t * Burrow fills are very dark gray (N 30} clay.
1 ]
B t Minor lithologies: Clay, very dark gray (N 3/0), occurs as laminae in Section 2,
o | 57, 59, 73, and 97 cm; Section 3, 17, 40, 72, 80, and 114 cm; and Section 5, 20
b and 21 cm. Clay, dark greanish gray {$GY 4/1), occurs as faint fuzzy layers in
@ 7 l l Section 2, 140-141 cm; Section 3, 12-14, 118-120, and 124-125 cm; Section 5,
: ] 12-13, 25-26, 47-48, 53-54, 97-08, and 122-123 cm; and Section 6, 30-32 and
b | ‘ 44-45 cm. Silt, gray (N 8/0), occurs as tiny (1-2 mm) clasts in all sections,
L + o particularly Sections 3 and 6.
a l ‘ Minor in Section 4, 20 cm; Section 4,
Q' - 38em (1.5cm in slzs} qrnnlla loundod and Sectlon 5, 108 cm. Pyritized
1 ‘ burrow in Section 4, 83
3 2
?E, | t SMEAR SLIDE SUMMARY (%):
+
d | | 1,50 2,50 3,50 4,50 5050 6,50
D D D D D D
| ‘ * TEXTURE:
] : | i# Sand = 3 w0 1z 2 4
T : Sint 16 1 23 10 30 30
=] : | t‘ #| Clay B4 B4 67 78 68 66
< - : t | COMPOSITION:
= 2 : | * Quartz 5 10 25 7 15 15
o § : t Feldspar T T T - T =
w 8 - 3 - | Mica ™ 2 T T = T
= slc 2 . : o Clay B4 B4 BT 7B 68 66
8 2ls T ] : | t Accessory minerals = el ] 10 s 2
o ol - L . : »| Glauconite - T T - - w
- al_. ] : | of Amphibole T 'nr 1 ™ G T
~ o= 5 4 : Garnet - T T — T -
o 1 ] v : to * Opaque minerals 2 1 2 2 2 2
a Wi g b - - | Heavy minerals g - s b T T
w = L 4 3 - Diatoms 8 3 5 3 15 15
= g 5 3 b | t‘ Radiolarians 1 i e e, o T
o | & S I o Sponge spicules = T T T T i
E HHERR ] it
= E 11}
e
11 [
I
=N e
5 ™~
° 1 I
- - I a
3 - ol
™
o 14 - | !
. ™ 3 ‘
s 1 1 |
I : N
2 El 1]t "
= [e] 17 1| |t
% JEEE
] i : 1 t *
4 : o
1 | t.
¥ 1
7 31 I ‘
= o =
o|o| J| | o ccl 4 = : | ‘
4 z

697B-17X 1 2 3 4 5 6 7

5

10
15
20
25
30
35
40
45
50
55
60
85
70—
15
80
85
90
95
100
105
10—
s
120
125
130
135
140
145
150 2]
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SITE 697 HOLE B CORE 18X CORED INTERVAL 3657.4-3667.1 mbsl; 176.9-186.6 mbsf |697B-18X CC
. |®osTRaT. zones - . |
T | FOSSIL CHARACTER s Ble
5 ET=T=T T21E|5 2|8 | 5
« [2]2]= TlElw w2
HERE gl - crapmic | & |5 |
§ ilg HMEE E LitHoLoet o | B | w LITHOLOGIC DESCRIPTION
AHHEHHHHABHE HHE 10
A HE HEIEHEF R SHE
le|lzjz|la|la|la|la|lb|la]l = al|e|a l5
o|o|o|s|lo ccl :::::: «| CLAYEY MUD |
Qlo — - Ma Clayay mud, dark greenish gray (5G 4/1). Smear slide contains l 2 0
many grains with a clay coating; by size and shape they appear to be quartz. |'
S Minor lithol d, partially layer in CC, 11-14 em, 2
S has a clurwy m:tum Altered volcanlc ash(?), greenish gray (3G 5M1), in GG, |
w & 35-38 cm, and a bluish green lamina at CC, 31 cm. Contains two white silt
= el clasts. |30
w il B
§ 2% SMEAR SLIDE SUMMARY (%): | 35
- Sl=
I wl co.20 |
o als TEXTURE: 40—
=z Oflm Sand » g
== n T }
o =3 st 30 --’! o,
= 3 Clay 70 I 45 *
< COMPOSITION: 50 e
Quartz 20 #
Feldspar 2 — -
Mica 1 | 55
Clay 70
Volcanic glass 1 —
Accessory minerals 2 | 6 0 [ <
Glauconite 1'5
Opaque minerals il )
Diatoms 1 6 5 I =
| 70—; —
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SITE 697 HOLE B CORE 19X CORED INTERVAL 3667.1-3676.7 bsl; 186.6-196.2 mbsf
BIDSTRAT. ZONE/ .
£ | FossiL cHARACTER o b+ l=
5 eTalel 1212|5 2|8
AHHE & § Y GRAPHIC H
HHHEHAHHHE 3 uvocosr | g 2| LITHOLOGIC DESCRIPTION
Slalsl31312(8) (21288 HEL-
I |2(E|a|5|5(4|e|8|5] 2lals
s |lel=|l=|Z|=|=|z]|=z " Elw|=
FlE|z|la|ala|a|Z|5|e]| 2 al®| e
[ o CLAYEY MUD
H Major lithology: Glayey mud, dark greenish gray (5GY 4/1, 5Y 4/2), Section 5,
| 54-67 cm. The olive gray layer is slightly more carbonate rich.
1 f * Minor lithologles: Pyritized diatom ooze, Section 4, 81-94 cm, with a “net
| veined” surface texture, black (N 4/0) and dark greenish gray (5G 4/1). Muddy
o 1.0 v ' diatom coze in Section 5, 12-17 cm, black (5Y 2.5/2). Altered volcanic ash,
o | greanish gray (5G 4/1), poorly defined layers in Section 3, 34, 54, and B8(7) cm,
b + and Section 4, 49-51 and 131 cm. Silt clasts are minor. The highest abundance
3 v is in Section 5, 30-45 cm, whare 12 are present.
- | Bioturbation Is minor to and is a major factor in ditfusing the
u boundaries. Two dropstones, Section 1, 4 cm (2.5 cm In size), subangular,
- | quartzite; and in Section 5, (2.5 cm in size), subangular, very weathered
- Igneous. Coring di Is high in 1and 2 and low in the
: | remainder of the core.
=l |2 Ly
b 4 | - SMEAR SLIDE SUMMARY (%)
i E *
=] p | ‘. 1,70 2,70 3,70 4,70 49 517 560
(] g -1 D ] D D M M D
z K | ! TEXTURE:
o i silt 5 0 2 2 - 35
=] alx I ‘ Clay % 70 ®wW W - — 8
- Sl=
o w ‘-’f sl 3 I ‘ .| composimoN:
x a|e 3 | t Quartz 0 14 14 1B 8 s 16
o als 1 Mica - i - — = 33 1
z S| 2 3 Clay 75 70 70 70 ) 20 65
S 2 ] g Volcanic glass 4 A 4 3 2 1 2
S ] ' cCalciteidolomite — - - - - = 8
. ~ - oG Accessory minerals 4 (-] 3 2 - - 4
= o s — Opaque minerals 3 2 2 1 — - -
& - ‘ Amphibole s 1:; = = = = =
5 Unidentified
= -4 ‘ white spheres - L — L T 2
2 1= Diatoms 7 ] B0 70 2
=4 7 1|
L] ] ‘ -
b
#
5
= L] »
~
ala K
olo|d|dlal |®] ke i
o
@
5
?-u.

6978-19X

5
10
15
20
2
30
35
40
45
50
55
60
6
70
15
80
85
9(
9

1

L69 LIS



oL

SITE 697 HOLE B CORE 20X CORED INTERVAL 3676.7-3686.4 mbsl; 196.2-205.9 mbsf 6978-20%[ " 1% ] 3 4 5 6 7
BIOSTRAT, ZOME/ & 3 ]
= | FossiL cHARACTER | | @ 2la
5 = vl12|E 2lE
M E 22 e ;’ & GRAPHIC H E
@ & a
§ N & HME E glz . Liinocoy | @ HR LITHOLOGIC DESCRIPTION l I l I l
MHHEHHHEBEHE
e|lE|la|2|3|T|=|E]|s]| = 2lal= I I l l I
- o - - - - - x x w =] = il -
- w z = a o o a o w 3 =] - “
= Major lithology: Clayey mud, dark gray (N 4/0), dark blulsh gray (58 4/1), and
N I 58
29 dark greenish gray (5G 4/1). Color transitions are gradual. I I l l I
?:.1; i ‘ » Minor lithologies: Diatom-bearing clayey mud In Section 3, 50-80 cm, and
. Section 6, 50-70 cm, dark greenish gray (5G 4/1) and dark bluish gray (58 4/1);
~ ] coincides with the more indurated layers. Altered volcanic ash, grayish green
-4 (5G 4/2), commaon in Section 2, 3, and 6. Carbonate cemented burrow in
] ‘ Section 1, 149 cm; light brown burrow filling contains mainly dolomite. White
X silt clasts are common.
| t is minor to . Drop are presant in Section 1, 4 cm
“ (10 em In size), subrounded sandstone; Section 1, 100 cm (0.3 cm), rounded,
e ] N igneous; Section 2, 100 cm (0.5 cm), rounded, sedimentary; Section 2, 140 cm
L t (0.5 cmj), shale; Section 4, 75 ¢m (0.4 cm), shale; and Section 5, (0.8 cm in size),
-:-;l 1 ©l * rounded, Ignecus. I I l l I
g i
Z | r SMEAR SLIDE SUMMARY (%): l l l I I
a | 1,70 2,70 3,70 4,70 570 6,70
i t N D D D D D M
= ‘ TEXTURE:
. t * Sand — = — — 1 —
7 | Sin 43 27 1 45 50
% =] t Clay 57 73 49 64 54
s <3 4 | { [*| composmon: . . I l l
i n
= . | ‘ Quartz 20 15 20 1 26 25
w = -+ Feldspar 3 2 = 1 — 3
= <|E o ] t Rock fragments - 1 - - - -
w S|® - Mica - - - 1 - -
3] =i- L Clay 47 59 49 84 54 50
o @l . Volcanic glass 2 2 3 1 2 -
3 &= | ‘ Calcite/dolomite 20 14 10— - 5
o b Accessory minerals - 1 - 2 2 1
wi! P o | 4 Zeolites 1 1 = & .=
o |l m — “;’ * Opague minerals 2 3 2 4 2 1
w els - Nk Clay-covered
£ 9 3 . l grains — - - 15 10 —
= == = Diatoms 5 2 15 2 4 15
i : : I t s”'co"ageuales B B ) B ! l I I I .
o n
B l :
L4
I i of l I l I I
5 ‘0 *
- |
J 1
; It i1 1 1 ]
i~
- {|*
a | i1 1 11
. 1 I o
@ *
o~
g { I l I l §
L [ {44
a :
<le. |t
Do O|w|m l ‘
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SITE 697 HOLE B CORE 21X CORED INTERVAL 3686 .4 -3696 .0mbsl; 205.9-215.5 mbsf
BIOSTRAT. ZONE/ H
t | Fossi cvaracten |, | 8 g @
o
ABEAREHE N
o= o
§ 12|18 i 2|z :'!: 2| o LiTHoLoGY | g § @ LITHOLOGIC DESCRIPTION
= = z z
w |3 % AL HHEHHE: =1 B g
A HHEEHEIHEAE HHE
- E | a ola a a v L] a o g @
— CLAYEY MUD
pead = Major lithology: Clayey mud, dark greenish gray (5G 4/1). Pyrite concretions
] < observed al Section 1, 148 cm, Drilling disturbance varies from very strong to
g - moderate.
w ;:-3 5 - Minor lithology: Muddy diatom coze, olive gray (5Y 5/2), at Section 2, 15-17 em.
4 el e ] - Altered volcanic ash, graylsh green (5G 4/2), Section 2, 102 cm. Silt clasts
8 S| w - I l occur al base of Section 1 and from 70-120 cm in Section 2.
= g- = L 1 r * Bioturbation is minor.
2 S! 5 111’9
wl| ™ ] . "
x a‘ E é - I t * SMEAR SLIDE SUMMARY (%)
- al 3 ) 4! 1,130 2,16 2,80
3 = - & D ] o
b =25 ?E' T | » i TEXTURE:
= e : | siit 40 - 2
: Clay 80 - 0
= : | ‘ COMPOSITION:
ol - I Quart 12 10 14
luartz
el bl et B Feldspar 2 = 1
Mica T — =
Clay 60 15 70
Volcanic glass 8 - 2
Accessory minerals 5 5 2
Opague minerals 4 - 3
Znolites T - T
Clay-coverad
grains 6 — —
Diatoms 5 70 B
El T —
SITE 697 HOLE B CORE 22X CORED INTERVAL J696.0-3705.7mbsl; 215.5-225.2 mbsf
BIOSTRAT. ZONE/ :
§ FossIL CHARACTER | . | 8 g @
w e &
a E ; g g g § GRAPHIC 2 E
= 3 =
§ H § El.]|5]= § E = LithoLoey (o 2| e LATHOLOGHC DESC PTION
| 3|82 2|83 .(2|2| & HE
wlzlz HEEEIFIE IR 41 -| &
181515244 E 218 @ HFH
™ x| x a|a a o | o = o|lo| o
FHE CLAYEY MUD
- | Major lithology: Clayey mud, dark greenish gray (G 4/1), strongly disturbed in
: = upper part of Section 1, 1o slightly
,_g - ] Minor lithology: Altered volcanic ash(?), grayish green (5G 5/2), in Section 2, 7,
r‘_;é 1 38, 69, and 72 cm; and Section 3, 17 and 22 cm.
w : : l Ilgneous dropstones at top of Section 1 and at base of CC. Pyrite concretion at
z [~3 o g & top of Section 3. Bioturbation Is minor.
(] 2 et 5
gl | |5 i 1!
9 al | l SMEAR SLIDE SUMMARY (%)
_ S D
o wl e : l { 1,80 2,80
D ]
Eaf =
E =Y | t TEXTURE:
[=]
z = 1 *| s 2% a0
c : | t Clay 75 70
2l COMPOSITION:
—
" 8 Quartz 9 13
=1 Clay 75 70
b 3 Volcanic glass 3 2
g Accessory minerals 2 3
=2| o e lcol Opague minerals 3 2
o|o| | &l o 3 Diatoms _ﬂ 11?
Silicoflagellates — L

697B-21%

1

6978-22X

1
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SITE 697 HOLE B CORE 23X CORED INTERVAL 3705.7-3715.3mbsl: 225.2-234.8 mbsf
BIOSTRAT. ZONE/ .
= |FossiL cuamacter| | & E [
- . 12| & 2le
¥ E HE : § E GRAPHIC HE
= 3 a
§ ‘f HEMEEL Bl | uimeioar [ ;_ @ LITHOLOGIC DESCRIPTION
HHEHHEHAHEE M
I |z|Ela|=(2|9|2|8]|5] = 2lal3
- = - - - - - x x - - o - -
L = = o a a a o - = =] - L]
] DIATOM-BEARING CLAYEY MUD
] Major lithology: Diatom-bearing clayey mud, dark greenish gray (5G 4/1), very
0.5 strengly disturbed by drilling.
1 Y »
] SMEAR SLIDE SUMMARY (%):
Zla 1 .0
o|o|J|x|m ] E,'m
:é icCl 3 TEXTURE:
S Siit 30
% o E Clay 70
w sla
o =< COMPOSITION:
(=] ol .
S Q= Quartz -]
a S0 Clay 70
w Volcanic glass 2
@ = 8 Accessory minerals 5
w g L] Opagque minerals 2
= = g. Diatoms 15
o =
3 &
z
SITE 697 HOLE B CORE 24X CORED INTERVAL 3715.3-3725.0 mbsl; 234.8-244.5 mbsf
BIOSTRAT. ZONE/ i
= | rossiL cuamacten |, | 8 oo
z — 8= sle
MAEABRHAE 3
g8 |tl8 : HEHEE CRAPHMIC | B | 8 LITHOLOGIC DESCRIPTION
HEIEHAEHHE z umhoosy o & |
v 13|el2|21212) 122 Si=ly
A HHEEHHEEEE a5
Fle|lz|E|a|s|=|E|5|8 s|8|a
- - CLAYEY MUD
1 - Major lithology: Clayey mud, dark gray (N 4/0); faint minor bicturbation, with
* burrow fills of very dark gray (N 3/0) clay. Most of the core is loo disturbed to
a ° | I see any primary structures.
5 g |
a £ B
ol el 6l dla ;'2, Cq 114 SMEAR SLIDE SUMMARY (%):
1, 50
-4 +]
3= - TEXTURE:
®| B -
'E S - silt 22
% 'a" % S Clay 78
] :
S % E _(l_ COMPOSITION:
= : Quartz 10
i == Clay 8
o g | Accessory minerals:
o = Heavy minerals 1
w 0 2 Opagque minerals 2
ES ® Zeolites(?) 1
o 23 Diatoms 7
! E g‘l Sponge spicules 1
=%
[=] .
=
o~

697B-23X

cC

6978-24X

150—
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SITE 697 HOLE B CORE 25X CORED INTERVAL 3725.0-3734.7 mbsl; 244.5-254.2 mbsf
BIOSTRAT. ZONE/ «
= | FossiL cuaracTer |, | HE
g 8|s ¥
MAEABHAE 8|2
wlg|= 3 GRAPHIC a
§ ; § HIR § gl E . Cniioer |5 § . LITHOLOGIC DESCRIPTION
E] § 2131212 .]=]|2| & 5 U] ‘E
HHHHEHREHEEE 2|s| %
=l2|2|2|a|a|=|Z|E|8| & |83
# CLAY
N t Major lithology: Clay, dark greenish gray (SBG 4/1 to 5GY 4/1), faint minor
5 ( * bioturbation where not too disturbed. Section 1 contains drilling biscuits.
m
g 7 Minor lithologles: Clayey mud, gray (5Y 5/1), in Section 2, 117-120 cm, and CC,
a 24-37 cm. Clay, dark gray (N 40}, in Section 2, 122-132 and 135-138 cm,
i w Nlo probably altered ash layers,
= o
[T} o < I in Section 1, 102 cm (1 em in size), quartzite, subrounded; Section 2,
L&) > 86 cm (6 cm), amphibolite with granite veln, subangular; Section 2, B8 cm (1 cmj,
2 -y v t biotite schist, subangular; Section 2, 114 cm (1 cm), siltstone, subrounded;
= il Section 2, 131 em (1 cm), siltstone, rounded; Section 2, 135 em (1 cm),
o g o~ I quartzite, subangular; and CC, 4 em (3 cm), diorite, rounded.
x 3 Ll gl
g S | ‘ SMEAR SLIDE SUMMARY (%):
(=] © .
o« o 1,50 2,50 2,100 2,127
= w b [ (8]« B o M D
= - o TEXTURE:
L=] L] *
' | £2 Silt 17 15 19 18
R4 Clay 83 85 81 82
= [[°
= ™ COMPOSITION:
Gle 2 - 1
i b i L Lo I Feldspar A -
£ Mica T 1 1 1
Clay 83 85 81 82
o Volcanic glass T T — 2
& Accessory minerals:
Haavy minerals 2 3 3 1
- Opaque minerals 2 1 2 2
2 Foraminifers 3 3 4 3
= MNanncfossils - - ™ -
?-\-

697B-26X

1
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SITE 697 HOLE B CORE 26X CORED INTERVAL 3734.7-3744 .4 mbsl; 254.2-263.9 mbsf
. | BrosTRaT. ZoNEr - .
= |F CHARACTER
: 08SIL c E- A g @
bl E 2l i E 3 GRAPHIC E E
w| = a
g lLl&lz]|, § g g E gl o | cmoeer | ; " LITHOLOGIC DESCRIPTION
AHHEHHEHBHHEE: 3% |2
HHHEHEMEIHEHEE: 25§
= - - - - - x w =3 ;| o -
- z | = o |a LY a LEN = alo| e
2 t t CLAY
an ‘ Major lithology: Clay, dark gray (N 4/0), biscuited. Small pyritized or partly
1 pyritized burrows In Sectlon 1, 82 cm; Section 3, 34, 93, 109-115, and 145 cm;
% and CC, 6 cm.
-
R I Minor lithologies: Clay, very dark gray (N 30, occurs as laminae or burrow fills
in Section 1, 15 cm; Section 2, 28, 35, 58, 74, 83, and 97 cm; Section 3, 40, 42,
o v 78, 96, 100, 120, 137, and 144 cm; and Section 4, 4, 10, 28, and 36 cm. Clay,
Ll M dark greenish gray (5GY 4/1), occurs as laminae in Section 2, 83 and 104 cm;
; d Section 3, 96, 105, 115, 134, and 118 cm; and Section 4, 2, 9, 16, 21, 33, and
e AN 39 cm. Silt, gray (N 8/0), occurs as tiny (1-2 mm) clasts, mainly in Sections 3
2 o and 4.
'E o = ‘ Mi bioturbati
u inor bioturbation.
[+ 4
RRE g L,
w & L I SMEAR SLIDE SUMMARY (%):
Q =
o L t 1,75 2,58 3,80
o il L D D D
o 8 t TEXTURE:
x 2 B silt 19 20 20
‘;‘ o L ‘ Clay a1 80 80
S 2 N COMPOSITION:
‘;I L ‘ * Quartz 5 10 7
o L Feldspar - T T
- a { Clay 81 79 80
s L Accessory minerals 5 3 7
l Amphibole T o= =
g 1 Opaque minerals 2 2 1
: I Heavy minerals T 1 ]
;'.. L Diatoms _; 5 5
Radiolarians — W
. L I Sponge spicules T -— —
L ‘
= i Bl
=~
ala il t
lmlololulm

697B-26X
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SITE 697 HOLE B CORE 27X CORED INTERVAL 3744 .4-3754.1 mbsl; 263.9-273.6 mbsf
BIOBTRAT. ZONE/ = ]
L | FOSSIL CHARACTER w gl
z -4 3y
< |g|2|g| |E|5|E &2
FEHHE HEEE it ) LITHOLOGIC DESCRIPTION
e |[E|le|<|w|3|2|a]|= LITHOLOGY g|E|m
MEEEHHEEREHE B
FREIE: 2l18|=|ule|3|E| » 3z18
HIEFHE BRI I &|w|=
w | = a a Y a o ] a - L]
3 - < CLAYEY MUD and CLAY
w ; P I Major Ilithologies: Clayey mud in Section 1, grading down to clay in Section 2,
=z w | * dark gray (N 4/0) to dark greenish gray (SGY 4/1), moderately 1o highly
w o o o disturbed, minor bloturbation. Slightly siltier at base of CC. Pyritized burrows
g o ° i ‘ In Section 1, 19 and 38 cm.
=] = a,.
: - = ‘ Minor lithology: Clay, very dark gray (N 30), occurs as a few burrow fills In
a HEs i > ‘ Section 1, and as laminae in Section 2, 46 and 50 cm; and in CC, 12 cm.
—_— L i
o« - A Mil i
i} a - 1| t nor Two sma
= ) - I
o o Q SMEAR SLIDE SUMMARY (%):
3 e P - Io
= = 1,50 2,50
o . l T= * D [+
3 el TEXTURE:
L] 7] Sand —
L L e silt w15
oo Clay 79 85
o COMPOSITION:
Quartz T 5
Feldspar = T
Clay Fi] a5
Accessory minerals 5 1
Amphibole - T
Opaque minerals 1 1
Heavy minerals 1 1
Diatoms 7 7
Radiolarians L T

6978-27X

1
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SITE 697 HOLE B CORE 28X CORED INTERVAL 3754.1-3763.8 mbsl; 273.6-283.3 mbsf
BIOBTRAT. ZOME/ ” ;
£ |FossiL cHARACTER | , | w g @
HABOREEE H B
FREAHE Elula GRAPHIC R
§ £ g g i § g g E il e uthoLoer | g H a LITHOLOGIC DESCRIPTION
N a = 212 = Kl
A HEHREHEE e 1P
Fle2|z|a|a|s|a|E|3]|%]| & HEIE
> CLAY
i Major lithology: Clay, dark greenish gray (5G 4/1), grading to dark gray (N 4/0),
Vd in Sections 3 and 4.
{1 - Minor lithologies: Altered volcanic ash(?) and clay; very dark gray (N 340
laminae, Sactions 2 to 4, and dark greenish gray laminae (5G 4/1), Section 3.
L Silty mud, gray (5Y 5/1), Section 3, 113-114 cm,
o 1 Minor bloturbation, -4 ized burrows, Jand 4.
f.! g Dropstones. Section 1, 48 cm (red sandstone), and Section 3, 18 cm. Gray silt
- clasts, Sections 3, 4, and CC.
n L l
f;.' 1| I # | SMEAR SLIDE SUMMARY (%):
i w
o & e L 1,80 2,40 3,65 3 118
] D D M
g o L I TEXTURE:
3 3 i Sand 5 2 1 2
a [ L I siit 8 12 19 44
o @ Clay ar 88 B0 54
w w L tg COMPOSITION:
L
° a { Quartz 3 s 9 2
1 Feldspar T Tr - pEL
Clay 87 86 T 46
1 t. * Volcanic glass - - 1 2
- L ‘ Accessory minerals 7 4 3 B
. » Glauconite - - L -
Amphibole - T T -
- L l ™ Opaque minerals 1 1 4 3
- 1| Heavy minerals 1 1 2 1
o t Unidentified - - - 30
- 1 Diatoms 1 3 4 8
- LD t Sponge spicules ™ ™ — —
» L
i
oo
o|m| S| &lm (I

697B-28X
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SITE 697 HOLE B CORE 29X CORED INTERVAL 3763.8-3773.5 mbsl; 283.3-293.0 mbsf
. | orosTRat. Zowes = >
= | FOBBIL CHARACTER | , | & a|w
E o= 12| & 2|¢
§ E i g E :ﬁl g = ot E g LITHOLOGIC DESCRIPTION
ciog;%;ggg-ti‘fmbﬁ? A
HHEHHHEAHHE 3lalg
Z|8ls|s|=|2|d|=|%|8] & FHEFIE
= H 8
- = [ =] LY a o o ] =] L]
N cLAY
1| I‘, N:ag:r Iilhrlso:;;\;:l Clz\r. :dukcgw‘:ri!h gray (5G 411}, grading to dark gray (N um"
* at base o ion 3 a . Minor 9 as wal
i L l. as icularly in 1and 2.
,..._ L Minor lithologies: Siity mud, dark gray (5Y 4/1), occurs as burrowed layer in
i 1 l Section 3, 21-26 cm. Altered volcanic ash{?), clay, very dark gray (N 3/0), occurs
i S as laminae or burrow-fills In Section 1, 3, 5, 48, 76, 104, 113, 119, and 131 cm,
= e 1 t and Section 3, 16, 47, and 68 cm. Altered volcanic ash(7), clay, dark greenish
w L] J—t. gray (5GY 411), occurs as layers in Section 1, 5-6 and 10-12 cm.
o i -
o = . e Dropstones in Section 3, 23-25 cm, biotite schist (1 cm in size), angular; and
- ] =~ N ! mudstones (0.8 and 0.6 cm in size), rounded.
o =
o =] L) .
x ;:1‘ 5 i { SMEAR SLIDE SUMMARY (%):
= J_‘ 1,50 2,50 3,25 3,50
© . ‘ D D M D
= e L TEXTURE:
- {5%1 Sand w — 25 —
(HS|  Siit 12 ] 50 18
- I Clay 8 94 25 8
L]
- 3 L ‘ COMPOSITION:
.
o ins L i Quartz 7 2 s 8
] Feldspar T - 3 1
2 n'- ICCl | Mlclm 1 - 2 2
o|lo|u|ula il Clay &7 84 25 &
Volcanic glass — - -— 2
Accessory minerals - — 3 -
Rutile = - - L
Amphibole T — 7 T
Garnet —_ -— 2 =
Opaque minerals 2 2 1 2
Heavy minerals 1 1 3 1
Micronodules - - — T
Glauconite - - - T
Diatoms 2 1 L 2
Radiolarians - L - -
Sponge spicules T T T -

ILL

g97B29x 1 < 3 cc
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SITE 697 HOLE B CORE 30X CORED INTERVAL 3773.5-3783.1 mbsl; 293.0-302.6 mbsf 6978-30X 2 3 4 5
BIOBTRAT. ZONE/ = > .
 |FossiL cHARACTER | , | w g o
5 [eT=T=] T212|& 2|g
AR HE glelg GRAPHIC HE
e|cl2(z).]8(8 E El || vmocosr [g|2]a LITHOLOGIC DESCRIFTION
NE R HE B EE: Sl=la
IHHHEHHEHEAE il4|8
- = - | = - - - x x i g z - -
e x| = a LS a a o | o W | o
B CLAYEY MUD
4™
T‘ o L= Major lithology: Clayey mud, dark greenish gray (SBG 4/1), top of Section 1,
] < changing to dark gray (N 4/0) throughout rest of core. Core is highly
3 ™~ fragmented and biscuited, so it is difficull to see primary structures.
~ 1 7 7]
- N 4 * Minor lithology: Altered volcanic ash(?), silty mud, dark greenish gray (5BG
= 1.0 \ 4/1), as thin layers in Section 1, 85-80 cm(7); Section 2, 70 ¢m; Section 4,
- N 4 41-52 cm; and Section 5, 19 and 32 cm.
a -
- ] N lce-rafted are 0 Drop greater than 0.3 em l
?'— 4/ occur in Section 1, 10 cm (2 cm in size), sedimentary, rounded; Section 1, 38 cm
. 2 Y| 0.5 cm), igneous, rounded; Section 1, 50 cm (0.5 cm), sedimentary, rounded;
Sectlon 2, 78 cm (0.3 om), quartz, subangular; Section 2, 82 cm (0.5 cm), black,
¥4 subrounded; Section 3, 106 cm (0.8 cmj, granite, subangular; Section 3, 108 cm
S (0.5 cm), sedimentary, rounded; and Section 5, 23 cm (0.5 cm), sedimentary,
roundad. A pyrite concretion, 1.5 cm in size, occurs at Section 2, 75 cm.
2 Fd B ¥ and C. 3
~ -
en) L O
" . { ‘ SMEAR SLIDE SUMMARY (%)
o E 7 1,80 2,80 3,80 4,50
5} ] D D D M
& b ] ~N TEXTURE:
3 7 7’
= x| g . Sand - - — L
o w 3] N silt 45 0 60
x g 3| 3 1/ 2 Clay 55 80 40 I
i ] .
g ! g AN | # | composiion:
o 3 1/
- ] N Quartz 21 20 24 32
Feldspar 4 4 5 4
+4/ Rock fragments 2 -_ - -
AN Mica 2 1 — 1
: Clay 55 85 60 40
ke Volcanic glass —_ 2 - 2
Accessory minerals:
- Weathered
minarals 12 12 7 15
4 ] Zealites T 3 1 dict
. Opague minerals 4 3 3 3
b Amphibole - L - —
-] voip Diatoms T T - a I
- I
oo
) cC
o|o|u|do .
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SITE 697 HOLE B CORE 31X CORED INTERVAL 3783.1-3792.7 mbsl; 302.6-312.2 mbsf
BIOSTRAT. ZONE/ .
= | FossiL cHARACTER | ,, | & Ela
A 12|k 5|¥
% |&]3 g i g a GRAPHIC H E
3 >
- EIEIEI § § E £, umocosr | o | 2| w LITHOLOGIC DESCRIPTION
ME R I HEEHMEEE: HEE
LA HHEREFEHAR: 358
S HHEBEHEE LR HEE
X SILTY MUD
X Major lithology: Silty mud, dark greenish gray (SBG 4/1). Extensive coring
o » d b making Y difficult to observe. Some faint
o color banding is present.
o ¥ *
I % Minor Iithology: Altered volcanic ash(?) and clay; dark gray (N 4/0) in thin beds
. in Section 1, 59, 60, 75, and 110 cm.
? X -] Bioturbation is rarely observed; includes C/ . Sand-sized
& » are h greater than 0.3 cm are present in
W o Section 1, 128 cm (0.5 cm In size), quartz, subangular; Section 2, 124 cm
= @ X (0.5 cm), Indeterminate, rounded; Section 2, 132 em (0.3 cm), indeterminate,
g - X rounded; Section 3, 83 cm (0.5 cm), volcanic, rounded; and CC, 19 cm (0.8 cm),
o g - I I b ded. Pyrite in Section 3, 106 cm, is 2 cm wide.
- ~ X
-J
a E o~ N .
o = rd SMEAR SLIDE SUMMARY (%)
w < b
z - 1,80 2,80 3,80
= rd D D D
i N TEXTURE:
)
s silt 60 55 50
N Clay 40 45 50
/ COMPOSITION:
N Quartz 30 39 32
Ve * Feldspar 2 2 3
Y Mica 2 1 1
o} Clay 40 45 50
d ‘ Volcanic glass 2 2 2
Accessory minerals:
ala N Weathered
m|m| o] x|m 7 ¢ minerals 15 5 8
Zeolites Tr 2 1
Opagque minerals 5 2 3
Diatoms 4 2 L
Radiolarians T — ™

6978-31X

1
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SITE 697 HOLE B CORE 32X CORED INTERVAL 3792.7-3803 .4 mbsl; 312.2-322.9 mbsf
BIOSTRAT, ZONE/ - N
= | FossiL cHaracTeR | , | w E ®
Z - s12| & E R
gl3|2 flely w2
A EIE £l¥|8]z ahApHic | 518 LITHOLOGIC DESCRIPTION
“‘E“',‘Ei“;l.,“'"""“' g|Zla
Ll F 2 zlol-12]18]| = Sle
HEHEHHEHHEE: 25|38
oy o= | = - - - x x - 1~ & | w | =
le|lz|le|lalajlaja|]|e| 3 ole|e
§ SILTY MUD and CLAYEY MUD
les N9 Major lithologies: Silty mud and clayey mud, dark greenish gray (5GY 41, 5BG
[ 4/1); colors intermixed and highly disturbed by drilling. In Sectlon 4, 90-100 cm,
Eé 1 7 there is a graded and laminated interval.
*
L] . Minor lithologies: Altered volcanic ash(?) and clay; dark gray (N 4/0) and dark
-1 L greenish gray (5G 4/2), thin layers, in Section 1, 101-103 and 144 cm; Section 2,
o 1| 41-48 cm; Section 4, 26, 28, B0-82, and 137-140 cm; and Section 5, 11, 12, 13,
] 21, and 30 cm. Volcanic ash, dark grayish brown (2.5Y 32), in Section 2, 74-75
= L and 146-147 cm,
L]
k=4 7 8 Bioturbation is minor to absent, and includes Planolites. In Section 2, 123 cm,
° N thera is a pyri Planolil wrrow. Dy are . Drop
= 1 >0.3 mm are present in Section 1, 45 cm (2.5 cm In size), sadimentary,
* rounded; Section 1, 75 cm (2.5 cm In size), metamorphic, subangular; Section 2,/
-3 2 L] 9 om (0.5 cm), sedimentary, rounded; Section 2, 15 cm (1 cm); metamorphic,
> 1 |vol rounded; Section 2, 84 cm (0.5 cm), undetermined; Section 2, 99 cm (0.5 cm),
=~ ¥ quartz, angular; Section 2, 126 cm (0.5 cm), metamorphic, rounded; Section 3,
— L] * 10 em (3 cm), ignecus, rounded; Section 3, 16 cm (2 cm), shale, rounded;
w 1149 Section 3, 26 cm, sedimentary, angular, Section 3, 88 cm (2 cm), igneous,
z t rounded; Section 4, 8 cm (0.5 cm), sedimentary, rounded; Section 4, 148 cm
8 5 1 ive {0.5 emj, shale, rounded; and Section 5, 45 om (0.5 cm), igneous, angular.
@
S s (Jy3
o b R N SMEAR SLIDE SUMMARY (%)
o4 = ICE
el o 3 S 1,70 2,80 3,75 3,45 4,60 525
= ] { o O M D DO D
° i TEXTURE:
= N t Sand 4 5 - 1 5 1
s ! silt 47 42 90 26 4 N
X Clay 49 5 10 73 51 68
[
1] o COMPOSITION:
o B Quartz 0 15 5 12 15 10
Feldspar 3 - 7 - 3 2
4 AL » Rock fragments. 2 2 - - 1 -
Mica — 3 - - - -
L| Clay 49 53 10 73 51 8
- | Veleanic glass 2 1 58 - 2 2
Accessory minerals 1 2 - 3 1 1
i Opague minerals 3 4 25 4 2 2
Weatherad
1 minerals 10 20 - ] 25 10
Diatoms W T - - A 5
L Radiolarians s o - ™ e
a 5 f l° *
ola i L]
olo|u|c|o cG

6978-32X
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