20. SITE 688!

Shipboard Scientific Party?

HOLE 688A

Date occupied: 1715 L, 4 December 1986

Date departed: 0230 L, 7 December 1986

Time on hole: 57 hr 15 min

Position: 11°32.26'S, 78°56.57'W

Water depth (sea level; corrected m, echo-sounding): 3819.8
Water depth (rig floor; corrected m, echo-sounding): 3830.3
Bottom felt (m, drill pipe): 3828.5

Penetration (m): 350.3

Number of cores: 37

Total length of cored section (m): 350.3

Total core recovered (m): 245.29

Core recovery (%): 70.0%

Oldest sediment cored
Depth (mbsf): 350.3
Nature: Diatomaceous mudstone
Age: Pliocene(?)

! Suess, E., von Huene, R., et al., 1988. Proc. ODE Init. Repts., 112: College
Station, TX (Ocean Drilling Program).
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HOLE 688B

Date occupied: 0230 L, 7 December 1986

Date departed: 0330 L, 8 December 1986

Time on hole: 25 hr

Position: 11°32.26'S, 78°56.57'W

Water depth (sea level; corrected m, echo-sounding): 3819.8
Water depth (rig floor; corrected m, echo-sounding): 3830.3
Bottom felt (m, drill pipe): 3828.5

Penetration (m): 360.0

Number of cores: 0

Total length of cored section (m): 0

Total core recovered (m): 0

Core recovery (%): 0

Oldest sediment cored N/A

HOLE 688C

Date occupied: 0330 L, 8 December 1986

Date departed: 1800 L, 9 December 1986

Time on hole: 38 hr 30 min

Position: 11°32.26'S, 78°56.57'W

Water depth (sea level; corrected m, echo-sounding): 3819.8
Water depth (rig floor; corrected m, echo-sounding): 3830.3
Bottom felt (m, drill pipe): 3836.3

Penetration (m): 359.8

Number of cores: |

Total length of cored section (m): 9.5

Total core recovered (m): 1.19

Core recovery (%): 12.5

Oldest sediment cored
Depth (mbsf): 359.8
Nature: Diatomaceous mud
Age: Quaternary

HOLE 688D

Date occupied: 1800 L, 9 December 1986

Date departed: 2315 L, 10 December 1986

Time on hole: 29 hr 15 min

Position: 11°32.26'S, 78°56.57'W

Water depth (sea level; corrected m, echo-sounding): 3825.8
Water depth (rig floor; corrected m, echo-sounding): 3836.3
Bottom felt (m, drill pipe): 3836.3

Penetration (m): 345.0

Number of cores: 0

Total length of cored section (m): 0
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Total core recovered (m): 0
Core recovery (%): 0
Oldest sediment cored N/A

HOLE 688E

Date occupied: 2315 L, 10 December 1986

Date departed: 0900 L, 18 December 1986

Time on hole: 177 hr 45 min

Position: 11°32.28'S, 78°56.65' W

‘Water depth (sea level; corrected m, echo-sounding): 3825.8
Water depth (rig floor; corrected m, echo-sounding): 3836.3
Bottom felt (m, drill pipe): 3836.3

Penetration (m): 779.0

Number of cores: 46

Total length of cored section (m): 429.0

Total core recovered (m): 151.98

Core recovery (%): 35.43

Oldest sediment cored
Depth (mbsf): 419.5
Nature: Calcareous silty mudstone
Age: early Eocene
Measured velocity (km/s): 2.7

Principal results: The three distinct tectono-sedimentary environments
encountered in the 779 m penetrated at Site 688 record progressively
deeper water sedimentation from early Eocene to Quaternary time.
The first sequence penetrated in Hole 688A and washed in Hole
688E consists of 339 m of bioturbated Quaternary diatomaceous
muds. Common terrigenous turbidites in the top 66 m are evidence
of an influx of reworked sediment. Within the diatomaceous muds,
benthic foraminifer assemblages are representative of present water
depths. From 75 to 312 mbsf, the sediment has a uniform black col-
oration that is associated with a significant content of pyrite and
iron monosulfide. Biostratigraphic data indicate sedimentation rates
of around 300 m/m.y. for the Quaternary section. An incipient fis-
sility is developed in the Quaternary section below 100 mbsf.

The second major sedimentary unit is composed of diatoma-
ceous to diatom-bearing muds of early Miocene to Pliocene-Quater-
nary age between 339 and 592 mbsf. Fissility is better developed be-
low 339 mbsf. A biostratigraphic hiatus separating the Quaternary
and Pliocene is recorded between 341 and 350 mbsf in Hole 688A
and between 350 and 356 mbsf in Hole 688E. Finely laminated sedi-
ment of alternating diatomite and mudstone with associated minor
phosphorite is present in the lower Miocene and Pliocene-Miocene
sequence, signifying substantially shallower water (500-1500 m) than
the present depths at Site 688 (3820 m). Throughout the Pliocene-
Miocene sequence, pervasive soft sediment deformation was evident.
Sedimentation rates for the Pliocene-Miocene section are approxi-
mately 23 m/m.y.

A marked lithological break to diatom-free calcareous sediment
rich in terrigenous clastic detritus occurs at 593 mbsf. This coincides
with a hiatus that spans the Eocene to the earliest Miocene, a period
of approximately 21.5 m.y. Where recovered, the sediments retrieved
from 593 to 659 mbsf are predominantly greenish-gray to dark green-
ish-gray, poorly sorted quartzo-litho-feldspathic sandstones, cemented
by carbonate and interbedded with sandy siltstones and black mud-
stones. Benthic foraminifer assemblages for this section indicate a
mid- and upper-bathyal (150-500 m) range of water depths. The
early Eocene sequence from 678 to 745 mbsf includes abundant trans-
ported plant matter, coarse pebbly layers, and bioclastic material.
Toward the base of this unit, calcareous mudstones and sandstones
and silty, bioclastic limestones contain well-preserved mollusks. Some
of these are still articulated and indicate little transportation before
deposition. Benthic foraminifer and nannofossil assemblages indi-
cate shelf depths for the deposition of this sequence. The oldest sedi-
ments recovered from 764 to 769.5 mbsf are composed of interbed-
ded sandstones, siltstones, and mudstones having abundant plant
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material and foraminifer assemblages indicating shelf depths. A chert
pebble at this level contains a planktonic foraminifer fauna of Ceno-
manian age identical to faunas of Albian to Cenomanian limestones
and cherts of the Central Andes and the onshore Talara Basin. Sedi-
mentation rates for the Eocene section are approximately 12 m/m.y.
and are consistent with assumed breaks between pulses of sedimen-
tation.

Site 688 provided the most extreme geochemical gradients of Leg
112. Maximum values of alkalinity, ammonia, and phosphate ex-
ceeded previous records for DSDP or ODP sites. Scientists predicted
that the methane generated in these sediments would be present in
the gas-hydrate phase, and Site 688 provided one of the best-docu-
mented occurrences of gas hydrates to date. The hiatus at 350 mbsf
marks the boundary between two very different bodies of interstitial
water. Best seen in the chloride profile, a distinct freshening may in-
dicate dilution by water originating at depth from dewatering of sub-
ducted sediments.

BACKGROUND AND SCIENTIFIC OBJECTIVES

The objectives at Site 688 were much the same as those for
Site 682. Because of the fractured condition of the rocks and
the poor seismic imaging at Site 682, another site was selected
from a reprocessed version of multichannel seismic-reflection
record CDP-1. This record was not available at the time sites
were proposed for Leg 112.

CDP-1 was shot for the Nazca Plate Project in 1973 and was
stacked at 1200% during the initial processing (Hussong and
Wipperman, 1981). Just before Leg 112, CDP-1 was stacked at
2400% and migrated (von Huene and Miller, this volume), which
improved the seismic imaging to show numerous faults in areas
considered chaotic in previous versions (Thornburg, 1985). This
revealed an area where strata appeared less affected by major
faults and where the basement could be reached with the drill-
ing capabilities of the Resolution.

Site 688 is on the lower slope of the Peru Trench about 30 km
landward of the trench axis (Fig. 1); the site is located about
32 km south-southeast, parallel to the regional trend from Site
682. A major objective was to establish the continental or oce-
anic origin of the crystalline basement in a location near the
trench. Other objectives were (1) to establish the history of verti-
cal tectonism, (2) to sample the stratigraphy of explosive volcan-
ism, and (3) to sample distal and transported reworked material
from coastal upwelling on the continental shelf.

The thick sediment-filling forearc basins off Peru are much
younger than previous studies indicated. Thus, the most prom-
ising area for recovering Eocene sediment and basement are on
the lower slope rather than in the midslope area. However, the
fractured Eocene rock above the basement at Sites 682 and 683
could not contain the fluid pressures required for drilling. Frac-
turing was suspected from the character of the reflections in re-
processed CDP-2, which motivated us to find alternate sites af-
ter the initial site selection and just before Leg 112. Drilling es-
tablished the validity of that concern and showed us that the
unmigrated seismic data for Site 682 was inadequate for show-
ing the basement, much less for fracturing. In reprocessed rec-
ord CDP-1, we found an area with relatively little fracturing,
where the Eocene section is thick and within drilling depths.

This Eocene section contains an important record of subsi-
dence of the Peruvian margin. At the very least, the sediment
section was expected to indicate whether the crust at this site
was attached to the continent before the Andean orogeny or
whether it was part of the oceanic crust attached at the Andean
subduction zone. From studies based on geophysical data, we
believe that the front of the margin consists of subsided conti-
nental crust. If this hypothesis is correct, the Andean subduc-
tion zone was dominated by tectonic processes and resulted in
subcrustal erosion before the present tectonic regime, which is
accretionary.
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Figure 1. Bathymetry and sediment isopachs along the Peru continental margin at 11°S; intervals are in
increments of 1000 m, beginning at a water depth of 200 m. Sediment isopachs are in increments of
0.5 km, beginning at 0.1 km; for an overview of all sites, see Site Chapter 679, Figure 1. Site 688 is located
on the lower slope of the Peru Trench about 30 km landward of the trench axis. See “Introduction” (this

volume) for regional location map of Leg 112 sites.

OPERATIONS

JOIDES Resolution departed Site 687 and headed for a point
about 6 nmi east of Site 688, where we deployed the geophysical
equipment for the approach to the site (Fig. 2). Navigation was
during global positioning system (GPS) coverage, which helped
establish the position of the ship, the bathymetry, and the iden-
tification of a fault, as predicted from the seismic record used to
select the site. We dropped a beacon on the initial pass, and
when the ship was steady over this beacon, we found our po-
sition was correct. The drill string was lowered shortly after
1800 L (local), 4 December 1986; the first core was brought on
deck at about 0200 hr, 5 December. Coring continued normally

until 2300 hr on 6 December 1986 (Table 1). At 350 mbsf, the
sleeve at the top of the pore-water sampler parted while pulling
a tension of only 20,000-30,000 1b on the drill string; subse-
quent fishing operations failed to bring up the instrument. There-
fore, Hole 688B was washed to 350 mbsf, but when retrieving
the first core, we found that the center bit had stuck. When all
efforts to retrieve the center bit failed, we were forced to raise
the drill string on board. We found that a piece of the pore-wa-
ter sampler was jammed into the bit, had remained in the bit
during the subsequent 350 m of drilling, and had prevented seat-
ing of the center bit. A new bottom-hole assembly (BHA) was
rigged with a rotary bit and lowered. After washing down to
350 m (again in Hole 688C), our first coring attempt also re-
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Figure 2. Track chart of approach to Site 688.
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Table 1. Coring summary for Site 688.

Date Length Length
Core/ (Dec. Time Depth cored recovered  Recovery

Section 1986)  (UTC) (mbsf) (m) (m) (%)
112-688A-1H 5 0200 0-8.3 8.3 8.35 100.0
2H 5 0245 8.3-17.8 9.5 9.80 103.0
iH 5 0330 17.8-27.3 9.5 9.97 105.0
4H L 0435 27.3-36.8 9.5 9.94 104.0
5H 5 0530 36.8-46.3 9.5 9.80 103.0
6H 5 0800 46.3-55.8 9.5 10.12 106.5
TH 5 0850 55.8-65.3 9.5 10.15 106.8
8X 5 0950 65.3-74.8 9.5 3.52 37.0
9x 5 1030 74.8-84.3 9.5 9.58 101.0
10X 5 1120 84.3-93.8 9.5 4.03 42.4
1x 5 1215 93.8-103.3 9.5 12.33 129.8
12X 5 1310 103.3-112.8 9.5 2.45 25.8
13X 5 1410 112.8-122.3 9.5 9.56 100.0
14X 5 1515 122.3-131.8 9.5 11.94 125.7
15X 5 1610 131.8-141.3 9.5 9.51 100.0
16X 5 1705 141.3-150.8 9.5 11.74 123.6
17X 5 1801 150.8-160.3 9.5 B.67 91.2
18X 5 2115 160.3-169.8 9.5 1.64 17.2
19X 5 2210 169.8-179.3 9.5 7.15 75.2
20X 5 2315 179.3-188.8 9.5 0.69 7.3
21X 6 0015 188.8-198.3 9.5 4.41 46.4
22X 6 0125 198.3-207.8 9.5 0.45 4.7
23X 6 0220 207.8-217.3 95 1.01 10.6
24X 6 0330 217.3-226.8 9.5 1.20 12.6
25X 6 0430  226.8-236.3 9.5 2.61 21.5
26X 6 0530 236.3-245.8 9.5 0.80 8.4
27X 6 0625 245.8-255.3 9.5 7.78 81.9
28X 6 0900  255.3-264.8 9.5 1.84 19.3
29X 6 1015 264.8-274.3 9.5 9.70 102.0
30X 6 1110 274.3-283.8 9.5 1.44 15.1
X 6 1215 283.8-293.3 9.5 0.96 10.1
32X 6 1325 293.3-302.8 9.5 11,58 121.9
13X 6 1445 302.8-312.3 9.5 8.11 85.3
34X 6 1810 312.3-321.8 9.5 9.63 101.0
35X 6 1915 321.8-331.3 9.5 9.72 102.0
36X 6 2020 331.3-340.8 0.5 10.33 108.7
37X 6 2130 340.8-350.3 9.5 2.78 29.2
112-688C-1R 9 1400 350.3-359.8 9.5 1.19 12.5
112-688E-1R 11 2335 350.0-355.5 5.5 3.15 57.3
2R 12 0125 355.5-365.0 9.5 0.70 7.4
3R 12 0245 365.0-374.5 9.5 6.13 64.5
4R 12 0350  374.5-384.0 9.5 5.71 60.1
5R 12 0500  384.0-393.5 9.5 9.15 96.3
6R 12 0630 393.5-403.0 9.5 9.59 101.0
TR 12 0815 403.0-412.5 9.5 9.69 102.0
S8R 12 0950 4]12.5-422.0 9.5 9.45 99.5
9R 12 1120 422.0-431.5 9.5 B.67 91.2
10R 12 1300 431.5-441.0 9.5 7.22 76.0
IR 12 1440 441.0-450.5 9.5 0.17 1.8
12R 12 1615 450.5-460.0 9.5 .07 323
13R 12 1815 460.0-469.5 9.5 0.35 37
14R 12 2020 469.5-479.0 9.5 4.93 51.9
I5R 13 0050  479.0-488.5 9.5 317 33.3
16R 13 0245 488.5-498.0 9.5 1.44 15.1
17R 13 0440  498.0-507.5 9.5 0.06 0.6
18R 13 0625 507.5-517.0 9.5 0.05 0.5
19R 13 0810  517.0-526.5 9.5 5.02 52.8
20R 13 0945 526.5-536.0 9.5 2.01 21.1
21R 13 1130 536.0-345.5 9.5 0.03 0.3
22R 13 1320 545.5-555.0 9.5 0.43 4.5
23R 13 1920  555.0-564.5 9.5 4.64 48.8
24R 13 2215 564.5-574.0 9.5 3.15 331
25R 14 0040 574.0-583.5 9.5 2.84 299
26R 13 0225 583.5-593.0 9.5 1.31 13.8
27R 14 0445 593.0-602.5 9.5 2.84 29.9
28R 14 0703 602.5-612.0 9.5 0.00 0.0
29R 14 w15 612.0-621.5 9.5 0.05 0.5
30R 14 1210 621.5-631.0 9.5 1.92 20.2
3IR 14 1520 631.0-640.5 9.5 0.12 1.3
32R 14 1740 640.5-650.0 9.5 2.15 22.6
33R 14 2045 650.0-659.5 9.5 341 5.9
34R 14 2320 659.5-669.0 9.5 2.61 21.5
A5R 15 0205 669.0-678.5 9.5 1.68 17.7
36R 15 0530  678.5-688.0 9.5 5.31 55.9
7R 15 0840 688.0-697.5 9.5 3.34 35.1
38R 15 1810 697.5-707.0 9.5 5.55 58.4
I9R 15 2215 707.0-716.5 9.5 4.00 42.1
40R 16 0315 T16.5-726.0 9.5 0.14 1.5
41R 16 1005 726.0-735.5 9.5 2.07 21.8
42R 16 1605 735.5-745.0 9.5 2.12 223
43R 16 1840  745.0-754.5 9.5 5.87 61.8
44R 16 2215 754.5-764.0 9.5 2.67 28.1
45R 17 0155 764.0-769.5 5.5 4.00 72.7
46R 18 0850  769.5-779.0 9.5 0.00 0.0

H = hydraulic; X = extended-core barrel; R = rotary.
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sulted in a core barrel that could not be retrieved. The drill
string was again raised; we found that the problem was that
parts did not match. After correcting this problem, we lowered
the drill string for the third time on 10 December 1986, and af-
ter washing to 350 mbsf in Hole 688D, the center bit again
could not be retrieved. Somehow the center bit had unscrewed
from the core barrel. Despite engaging the bottom 2 ft of the
barrel with a fishing tool, the bit could not be dislodged. After
four trips with the sand line failed, we pulled the drill string. We
believe that because of wedging of the tool, nothing could pass
through the BHA. Finally, we washed Hole 688E down to 350
mbsf and recovered the first core at 2330 hr, 11 December 1986.
We continued coring from 12 December through about 0300 hr,
17 December 1986, taking time only to unplug the bit four times
by sending a deplugging tool down the drill pipe. Again, the
core barrel containing Core 112-688E-46R could not be retrieved
after six tries, and the hole was abandoned without logging. We
did not have enough time before the end of the leg to continue a
program at Site 688 or to return to the shallow Site 679 to finish
that hole to its target depth.

LITHOSTRATIGRAPHY

Lithologic Units

Sediments recovered at Site 688 were divided into three litho-
logic units on the basis of visual core descriptions, smear slides,
and biostratigraphy (Fig. 3, Table 2). Lithologic Unit I is further
subdivided into three subunits, and Unit II is subdivided into six
subunits.

Lithologic Unit I
Cores 112-688A-1H through 112-688A-36X-6; depth, 0-338.5 mbsf;
age, Quaternary.

Unit I is divided into three subunits (Fig. 3). Subunit 1A con-
sists of Quaternary diatomaceous muds and extends down to a
depth of 66.5 mbsf. Subunit IB extends from 66.5 to 131.8 mbsf.
It is in gradational contact with a more terrigeneous lithology
above and with a less calcareous diatomaceous mud at its base.
The top of Subunit IC is marked by a decrease in both foramini-
fers and nannofossils. Subunit IC consists of Quaternary diato-
maceous mud marked by a strong black color, which we believe
is the result of the presence of iron monosulfides of diagenetic
origin. These iron monosulfides extend upsection into Subunit
IB. The base of Subunit IC is at 338.5 mbsf.

Subunit IA
Cores 112-688A-1H through 112-688A-8H-1; depth, 0-66.5 mbsf.

Subunit IA consists of diatomaceous mud, predominantly
dark olive gray or dark greenish-gray to greenish-gray and olive
gray. Color changes are subtle and occur at intervals ranging
from 10 to 100 cm. There is common evidence of moderate to
extensive bioturbation. Diatom content ranges from 5%-15%
up to 50%, averages 10%-20% and generally decreases down-
hole.

A significant enrichment in biogenic carbonate (foramini-
fers: 2% to 20%; nannofossils: 2% to 10%) occurs in Section
112-688A-2H-4. The biogenic carbonate content increases down-
hole up to a value of 40% in Core 112-688A-5H. The main lith-
ological feature of Subunit IA is the occurrence of a substantial
amount of detrital material that averages 7% and occurs as two
distinctive sediment types:

1. Brownish-gray, coarse-grained, foraminifer terrigenous
sands exhibit sharply defined basal contacts (Fig. 4) and graded
bedding. Some of these sands (e.g., Sample 112-688A-2H-2, 73



cm) contain up to 40% benthic foraminifers of shallow-water
origin. This suggests that foraminifers originated from the shelf.

2. Distinctive dark gray, micaceous, thinly bedded, quartzo-
feldspathic sands also occur in Subunit IA. These sands are well
sorted and ungraded (Fig. 5).

Authigenic pyrite is present throughout Subunit IA in
amounts ranging from traces to 15%-20%. Small patches of
black color are present throughout as well. The black color was
inferred to indicate the presence of iron monosulfides. Peloidal
accumulations of sponge spicules and collapsed sponges are com-
mon, particularly in Core 112-688A-6H, where these are scat-
tered throughout. The sponges are flattened rings and range in
size from about 0.5 cm in diameter to a maximum of 2.5 cm.

Subunit IB

Cores 112-688A-8H-2 through 112-688A-14X, CC; depth, 66.5-131.8
mbsf.

Subunit IB is a foraminifer- and nannofossil-bearing diato-
maceous mud having a significant biogenic carbonate content.
The foraminifer and nannofossil content is 10% to 40% and av-
erages 25%. Great variation in relative calcareous fossil con-
tents exists. Individually, these make up from 0% to 40% of the
sediment; however, the total amount of biogenic carbonate is
generally constant. Diatom content is 15% to 40% and averages
25%. The total biogenic contribution typically ranges from 30%
to 70%, estimated from smear slide, and averages 40% to 55%
throughout Subunit IB, with a general decrease of biogenic in-
flux from top to bottom.

The boundary between Subunits IA and IB is not marked
by a strong lithologic change. Subunit IB begins at Sample 112-
688A-8H-1, 100 cm, where the first turbidite occurs. The bound-
ary between Subunits IB and IC is marked by the appearance of
biogenic carbonate, which occurs in Section 112-688A-14X, CC.

The sediment in Subunit IB is olive gray to dark olive gray
from the top of the unit down to Section 112-688A-9X-5, where
the gradational color changes to black. Section 112-688A-10X-1
is recorded as a massive black mud. The black color persists
through Core 112-688A-36X.

Authigenic pyrite is present throughout Subunit IB and var-
ies from 3%-4% to 15%. This authigenic pyrite is associated
with iron monosulfide patches that are scattered throughout the
sediment from the top of the unit down to Section 112-688A-
10X-1. Below this, the iron monosulfides are not concentrated
in small patches but are dispersed in the sediment, giving it a
black color that is pervasive down to Section 112-688A-36X-6.
After the cores were split and exposed, the black color progres-
sively faded, probably because of oxidation of the unstable iron
monosulfides (see “Diagenesis” section, this chapter). The color
changes from black to olive black and olive gray during a short
period ranging from 1 to 4 or 5 hr. As the black disappears, the
sediment revealed moderate to extensive bioturbation, indicat-
ing that Subunit IB was deposited in an environment of oxygen-
ated bottom waters.

Subunit IC

Cores 112-688A-15X through 112-688A-36X-6; depth, 131.8-338.5
mbsf.

Subunit IC consists of diatomaceous muds that exhibit a
deep black color related to the presence of iron monosulfides,
as mentioned previously. The boundary between Subunits IB
and IC is marked by the appearance of biogenic carbonate (20%)
at the base of Subunit IB and the occurrence of gas hydrates
throughout the top core of Subunit IC (Core 112-688A-15X).

As the cores were exposed to air, this black mud oxidized to
olive black, and the sedimentary structures of the recovered sed-
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iment became clearly visible, revealing moderate to extensive
burrowing throughout (Fig. 6).

Sedimentary pyrite (FeS,) occurs in the black mud as dissem-
inated silt to clay-sized grains, with pyrite ranging from 1%-2%
to 15% and an average of 5%-6% occuring together with iron
monosulfides.

Lithologic Unit IT
Cores 112-688A-36X to 112-688A-37X, 112-688C-1R, and 112-688E-
IR to 112-688E-26R; depths: Hole 688A, 338.5-350.3 mbsf; Hole
688C, 350.3-359.8 mbsf; Hole 688E, 350.3-593.0 mbsf; age,
Quaternary to early Miocene.

Subunit ITA extends from 338.5 to 350.3 mbsf in Hole 688A,
from 350.3 to 359.8 mbsf in Hole 688C, and from 350.3 to
390.15 mbsf (112-688E-5R-5, 15 cm) in Hole 688E. The subunit
ranges from Quaternary to Pliocene in age. Subunit IIA con-
sists of predominantly very dark gray diatomaceous mudstone
(Fig. 7). In Hole 688A, there is evidence of bioturbation through-
out. Burrows are filled with coarse-grained sandy silt and large
clasts (0.5 to 1 mm). In Holes 688C and 688E, no evidence for
bioturbation exists, which suggests that no overlapping occurs
between Hole 688A and Hole 688E. Thus, the cored thickness
of Subunit IIA, roughly 50 m, is a minimum thickness (Figs. 8
and 9). The diatom content is 40% to 60% from smear-slide es-
timations. The quartz-feldspar content is very low (3%-10%),
and the clay content ranges from 35% to 50%.

Subunit 1B extends from 390.15 mbsf (Sample 112-688E-
5R-5, 15 ¢cm) to 404 mbsf (Section 112-688E-7R, CC). A sharp
change in color from olive gray to black marks the boundary
between Subunits IIA and IIB. This change also is sharply re-
corded in the diatom content, which is 50% in Subunit IIA and
less than 10% in Subunit IIB. The black mudstone of Subunit
IIB is mainly massive.

A finely laminated section occurs from Samples 112-688E-
6R-3, 92 cm, to 112-688E-7R-4, 85 cm (Fig. 10). Laminae ex-
hibit variable spacing with thicknesses ranging from 2 to 6 cm.
These laminae have three components: (1) pale-colored diato-
mite having diatom contents ranging from 75% to 95% (as the
diatom content increases, the color becomes paler), (2) gray dia-
tomaceous mudstone, and (3) dark olive gray diatomaceous silty
mud. This laminated sequence is similar to sediments of the on-
shore Pisco Formation and is probably of the same Miocene to
Pliocene age.

A zone of decollement marks the upper and lower boundary
of the thick laminated sequence (Cores 112-688E-6R and 112-
688E-7R), which has been extensively deformed by slumping
(Fig. 11; see “Structure” section, this chapter).

Subunit IIC extends from 404 (Core 112-688E-8R) to 450
mbsf (Sample 112-688E-12R-1, 50 ¢cm), is 46 m thick, and con-
sists mainly of olive gray to black, diatom-bearing, silty mud-
stones (Fig. 12) that are predominantly, though not exclusively,
massive. These mudstones contain 10% to 25% diatom frus-
tules and are enriched in sand- and silt-sized terrigenous grains
(between 25% and 50%), relative to lithologic Subunits IIB and
IID. A 60-cm-thick bed of siltstone cemented by calcitic dolo-
mite makes up a minor lithology. The sediment of Subunit IIC
contains 1% to 10% authigenic calcite and/or dolomite, and
most of the mudstones are strongly cemented.

Subunit IID extends from 450 mbsf (Sample 112-688E-12R-1,
55 ¢cm) down to a zone of poor recovery in Sections 112-688E-
17R, CC and 112-688E-18R, CC. Subunit IID is 50 to 60 m
thick and consists of nannofossil- and foraminifer-bearing dia-
tomaceous mudstone, generally dark olive gray to black. The
upper boundary with Subunit IIC is marked by a sharp change
in color from dark greenish-gray to dark olive. This sequence is
moderately to extensively burrowed. Diatom content ranges from
10% to 40% and averages 20%-25%. Clay content is 10% to
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60% and averages 40%. The sediment has 5% to 10% of silt-
sized terrigenous grains that distinguishes it from Subunit IIC.
Biogenic calcareous content averages 10%, and volcanic ash oc-
curs as a minor lithology.

Subunit IID ranges in age from middle to late Miocene. The
boundary between Subunits IID and 1IC corresponds to the sec-
ond hiatus, defined from diatom floral component studies (see
“Biostratigraphy” section, this chapter).

Subunit IIE extends from 517 mbsf (Section 112-688E-19R-1)
to 555 mbsf (Section 112-688E-22R, CC). The subunit is com-
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posed of a diatomaceous mudstone enriched in authigenic car-
bonates (5% to 10%-12%). The sediment is dark olive gray to
black and moderately bioturbated. Five beds of dolomicrite oc-
cur in Core 112-688E-19R. These beds are olive gray and typi-
cally range from 3 to 25 cm thick. Dolomitization has occurred
in the more porous beds, which were originally silty sand or dia-
tom-rich layers. The dolomicritic beds that occur in Section
112-688E-19R-3 grade down into darker mudstone (Fig. 13).
The upper contact of the dolomicritic bed located in Sample
112-688E-19R-3, 93-97 cm, is offset along cross faults (Fig. 14).
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Figure 3 (continued).

Where these faults extend into the dolomicrite bed, no offset
was observed (Fig. 13), indicating that deformation clearly pre-
cedes dolomitization.

Sample 112-688E-20R-1, 0-35 cm, contains interbedded olive
diatomaceous ooze and diatomaceous mud that is extensively
deformed by normal faults and associated plastic stretching of
laminae. The dominant fault set inclines at 25° to the horizontal

and offsets laminae that dip from 45° to 60° to the horizontal.
Laminae also show necking and plastic flow along the displace-
ment (Fig. 15). Thus, Subunit IIE exhibits further evidence of
extensive deformations and disruption consistent with gravita-
tional processes operating on the slope.

Subunit IIF extends from 555 mbsf (Section 112-688E-23R-1)
to 593 mbsf (Section 112-688E-26R, CC) and is 38 m thick.
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Table 2. Lithologic units for Site 688.

Lithologic Core/ Depth
unit Lithology section (mbsf)
112-688A-1H-1—36X-6 0-338.5
1A Nannofossil-bearing, diatomaceous muds 112-688A-1H-1—8H-1 0-66.5
with frequent sand interbeds.
1B Foraminifer- and nannofossil-bearing 112-688A-8H-2—14X, CC 66.5-131.8
diatomaceous muds.
IC Iron sulfide-bearing diatomaceous muds. 112-688A-15X-1—36X-6 131.8-338.5
11 112-688A-36X, CC—37X, CC 338.5-350.3
112-688C-1R 350.3-359.8
112-688E-1R-1—26R, CC 350.3-593.0
1A Diatomaceous mudstones. 112-688A-36X, CC—37X, CC 338.5-350.3
112-688C-1R 350.3-359.8
112-688E-1R-1—5R-5 350.3-390.15
1B Diatomaceous and diatom-bearing 112-688E-5R-5—7R, CC 390.15-404.0
mudstones.
1ic Diatom-bearing mudstone: 112-688E-8R-1—12R-1 404.0-450.0
11D Nannofossil- and foraminifer-bearing 112-688E-12R-1—18R, CC 450.0-517.0
[ s e
IIE Diat eous mudstone 112-688E-19R-1—22R, CC 517.0-555.0
IIF Sandy siltstone. 112-688E-23R-1—26R, CC 555.0-593.0
Zone of cataclastic breccia and poor 112-688E-27R-1—29R 593.0-621.5
recovery.
1 Calcareous sandstones, siltstones, and 112-688E-30R-1—45R, CC 621.5-769.5

mudstones with conglomerate beds.

Subunit ITF is late Miocene in age, according to our nannofossil
and diatom flora studies (see “Biostratigraphy” section, this
chapter).

Subunit IIF is composed mainly of sandy siltstone that ranges
from dark olive gray to very dark gray. Diatom frustules range
from 2% to 10% and generally increase downhole. Moderate
bioturbation persists throughout the subunit but generally de-
creases downhole. The biogenic carbonate content is low and
ranges from 2% to 5% in Cores 112-688E-23R and 112-688E-
24R.

Rhombohedral, inclusion-free, dolomite crystals are common.
However, much of the carbonate appears as fine-grained anhe-
dral micrite or dolomite dispersed in the sediment. The total
amount of authigenic carbonate ranges from 15% to 33% in
Cores 112-688E-23R and 112-688E-24R and decreases down to
2%-5% in Core 112-688E-26R. The authigenic carbonate ce-
ments the siltstone and is hard to drill. Pyrite, glauconite, and
phosphate are also components of the sediment and range from
15% to 20% of the total amount of carbonate in Core 112-
688A-23R.

Zone of Cataclastic Breccia and Poor Recovery

Core 112-688E-27R shows three well-exposed intervals of cata-
clastic breccia (Figs. 16 through 18). These breccias are sepa-
rated by unbrecciated sections, 30 to 60 cm thick, made up of
dark gray calcareous siltstone, dark gray mudstone, dolomite-
cemented sandstone, and blue gray sand interbedded with dark
gray silty mud. These blocks are probably coherent blocks within
the cataclastic breccia.

Core 112-688E-28R was void, and Core 112-688E-29R recov-
ered only one sediment piece 5 cm long, consisting of a tectonic
breccia (Fig. 19) that includes angular blocks of chert, siliceous
mudstone, and phosphatic material.

Lithologic Unit IIT

Cores 112-688E-30R to 112-688E-45R, CC; depth, 621.5-769.5 mbsf;
age, middle to early Eocene.

Lithologic Unit III is marked by a strong lithologic change.
The unit is distinguished by an absence of diatoms and by a
sharp increase in sand-sized terrigenous grains, especially quartz,
feldspar, and rock fragments, which range from 20%-40% to
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70%-75% and average 55%. Authigenic carbonate occurs
throughout Unit III and shows a general decrease downhole
from 40% or 45% to 0%. Although principally calcite, in
places a few percent of dolomite rhombs are present. The values
of carbonate content locally show large variations that suggest
fluid circulation along beds with a higher porosity.

From 612 mbsf (Core 112-688E-30R) to 650 mbsf (Section
112-688E-33R, CC) Unit III is composed mainly of greenish-
gray to dark greenish-gray, poorly sorted sandstone. This sand-
stone is interbedded with sandy siltstone (Fig. 20) and black
mudstone (Fig. 21). The sandstone and siltstone are extensively
cemented by calcitic dolomite. Carbonate content ranges from
10% to 25%-40%. Components of the sandstone are quartz,
feldspar, and rock fragments in various proportions. Quartz
content averages between 10% to 40%, and feldspar content
varies from 5% to 25%. Rock fragments, including some meta-
morphic rock, range between 5% and 30%. Sands vary from
fine-grained to very coarse-grained, and large fragments (Fig.
20) are angular to subangular. This suggests a nearby source for
the detrital material. Disruption of the beds and syn-diagenetic
faults (Fig. 20) indicate an unstable environment.

From 650 mbsf (Section 112-688E-33R, CC) to 714.5 mbsf
(Sample 112-688E-39R-3, 88 cm) the sand content decreases,
which parallels an increase of silt. In Section 112-688E-34R-1,
massive to mottled black mudstone (30 cm thick) is interbedded
with sandstone.

A 19-cm-thick bed of nannofossil ooze, a 75-cm-thick bed of
nannofossil marl, and a 110-cm-thick bed of silty nannofossil
marl occur in Cores 112-688E-35R and 112-688E-36R, which
indicates the influence of an open-marine environment.

Dark gray, coarse-grained sandstone and pebbly sandstone
occur in Samples 112-688E-36R-2, 1-15 cm; 112-688E-36R-2,
105-125 cm; 112-688E-36R-4, 20-45 cm; 112-688E-37R-1, 1-50
cm; 112-688E-37R-2, 135-150 ¢m; and 112-688E-37R-3, 1-5 cm.
Pebbles are subangular to rounded (Figs. 22 and 23), and some
grading is present; however, the material is generally poorly sorted
(Fig. 23). Clasts are typically of quartz, sedimentary rocks, mud
rip-ups, and volcanics. Clasts of chert, milky quartz, micritic
limestone, and metamorphic rocks (micaschist) are also com-
mon.

The poorly sorted, pebbly sandstone, which is interbedded in
mudstone or sandstone, exhibits a disorganized matrix (Fig. 23).
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Figure 4. Turbidite bed of lithologic Subunit IA (Sample 112-688A-
2H-4, 86-112 cm).

This is probably caused by periodic rapid wasting at the source
of the detrital material from pulses in tectonic uplift of the
source area.

Bioclastic calcareous sandstone occurs in Sections 112-688E-
39R, CC and 112-688E-40R, CC. Bioclasts include well-pre-
served oysters, the first nontransported evidence of a very shal-
low environment (Fig. 24). This shallow-water facies is associ-
ated with (1) dark gray quartz arenite that is slightly calcareous,
faintly laminated, and moderately burrowed; (2) black to dark
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Figure 5. Ungraded clastic sediments and flame structure of Subunit IA.

Note the onlapping on the erosional surface (Sample 112-688A-4H-5,
76-89 cm).

gray sandy mudstone and siltstone; (3) dark olive gray mud-
stone with thin to very thin interbeds of sandy mudstone; and
(4) dark gray fine- to medium-grained sandstone.

Dark olive mudstone extends through Cores 112-688E-43R
and 112-688E-44R. Bioturbation ranges from moderate to per-
vasive. Nannofossil content ranges from 10% to 20%; clay min-
eral content is high, and the detrital component is small and
made up of fines.

The last core recovered at Hole 688E is made up of dark silty
mudstone and very fine sandstone having abundant plant debris
and calcareous silt as local laminae.

Diagenesis

Phosphate

Phosphatic materials are rare at Site 688. Phosphatic peloids,
along with glauconite, occur only sporadically and in small
amounts in all units at Site 688. Subunit IIC contains small
amounts of F (friable) phosphate lenses in dolomitic diatoma-
ceous mudstone (Cores 112-688E-7R and 112-688E-8R) and a
layer of D (dense) phosphate nodules (Sample 112-688E-8R-4,
38-39 c¢cm). D-phosphate nodules or layers occur at the uncon-
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Figure 6. Well-developed fissility in mudstone of lithologic Subunit IC
(Sample 112-688A-21X-3, 98-110 cm).
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Figure 7. Well-developed fissility in mudstone of Subunit ITA. The fault

in the center of the figure is analyzed in the “Structure” section (this
chapter; Sample 112-688A-37X-2, 66-73 cm).
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Figure 8. Pervasive anastomosing fabric in mudstone of Subunit IIA
(Sample 112-688E-4R-1, 22-31 cm).

formable contact between lithologic Units II and III (Section
112-688E-29R, CC and Sample 112-688E-30R-1, 0-10 cm). These
nodules are tectonically brecciated, and the resulting fractures
are filled with coarse authigenic quartz crystals. Phosphatiza-
tion in the sandstones of Unit III is discussed next.

Carbonate Diagenesis

Both calcite and dolomite are present as authigenic phases at
Site 688, and calcite uniquely occurs as a replacement in the
bottom part of the cored section. The upper 75 m of the section
at Site 688 (lithologic Unit 1 to the top of Subunit IB; Cores
112-688A-1H through 112-688A-8X) is a zone of authigenic car-
bonate precipitation. Calcite is the main phase present, but at
least small amounts of dolomite rhombs also invariably occur.
Total authigenic carbonates in the diatomaceous muds of this
upper zone range between 5% and 40%. Pore waters in this
zone show decreasing calcium concentrations, which is consis-
tent with calcite precipitation (see “Inorganic Geochemistry”
section, this chapter).

Between depths of 75 and 422 mbsf (Cores 112-688A-9X
through 112-688E-8R), both authigenic calcite and dolomite are
present, but in smaller amounts than in the upper zone. The
first lithified carbonate, a small dolomite nodule, occurs within
this interval at 140.9 mbsf (Sample 112-688A-15X-7, 14 cm).

Lithified carbonates first become common in Subunit IIC at
a depth of about 422 mbsf (Core 112-688E-9R). Dolomite is the
main authigenic carbonate phase between 422 and 660 mbsf
(Cores 112-688E-9R through 112-688E-33R), encompassing Sub-
units IIC to the top part of IIIA. The Mg?*/Ca?* ratio shows a
marked decrease in this zone, which is compatible with dolomit-
ization (see “Inorganic Geochemistry” section, this chapter). A
distinctive, brecciated dolomite bed having dolomite-filled veins
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Figure 9. Pervasive anastomosing fabric in mudstone of Subunit IIA
(Sample 112-688E-5R-1, 133-146 cm).

occurs at the top of Core 112-688E-10R. Core 112-688E-33R
contains unusual greenish-gray veins having dolomite rhombs,
including distinctive euhedral, twinned crystals in a chlorite ma-
trix. The bottom part of the interval (422-660 mbsf) contains
calcitized sandstones, which are described for the underlying
zone where they are common.

From 660 to 779 mbsf (Cores 112-688E-34R through 112-
688E-46R; lithologic Unit III) the main authigenic carbonate
phase is calcite, although some lithified dolomitic beds are pres-
ent. Much of the calcite occurs as cements in sandstones and
siltstones. Examination of thin sections of sandstones from Cores
112-688E-32R, 112-688E-39R, and 112-688E-40R shows com-
plete replacement of bioclasts, siliceous and phosphatic cements,
and detrital sand grains by coarsely crystalline sparry calcite.
Calcite-filled veins are also common in this zone. This calcitiza-
tion is consistent with the large quantities of calcium in pore
waters within this zone, probably the result of influxes of inter-
stitial waters from tectonized zones below (see “Inorganic Geo-
chemistry” section, this chapter). Relatively late-stage phospha-
tization apparently occurred in two of the samples examined in
thin section. Sample 112-688E-40R, CC (9-10 cm) has a partly
phosphatic cement and Sample 112-688E-41R-1, 45-48 cm, is a
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Figure 10. Finely laminated mudstone in a sliding mass of Subunit IIB
(Sample 112-688E-6R-5, 98-140 cm).

micritic limestone that is partly phosphatized; in both cases, a
coarse calcitic spar cuts across the earlier phosphatized parts of
the limestone. This phosphatization can be accounted for by the
high values of both calcium and phosphate in the pore waters of
this zone (see “Inorganic Geochemistry” section, this chapter).
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Figure 11. Slump structure in the finely laminated mudstone of the slid-
ing mass of Subunit IIB (Sample 112-688E-6R-7, 8-31 cm).

Data from carbonate analyses are given in Tables 3 and 4 and in
Figure 25.

Iron Sulfides

Nearly every smear slide of sediments from Site 688 contains
pyrite framboids in abundances ranging from less than 5% to
more than 15%. As at most other sites during Leg 112, many
terrigenous rock fragments in the sands and sandstones are partly
to completely replaced by pyrite. Small pyrite veins and water-
escape structures occur in Cores 112-688A-5H through 112-688A-
10X.
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Figure 12. Vertical dip and associated vein structure in mudstone of
Subunit IIC (Sample 112-688E-9R-3, 20-30 cm).

Like Site 685, parts of the section at Site 688 contain black,
sooty, clay-sized opaque grains that may be iron monosulfides,
possibly greigite or mackinawite. However, in contrast to Site
685, where the zone of sooty material is only 62 m thick (Cores
112-685A-4H through 112-685A-20X), sooty material occurs
nearly continuously in a zone about 238 m thick at Site 688.
This material first occurs sporadically at a depth of 27 mbsf
(Core 112-688A-4H), becomes abundant at 75 mbsf (Core 112-
688A-9H) and, with two exceptions noted below, occurs in every
core through Core 112-688A-33X to a depth of 312 mbsf. Pyrite
framboids co-occur with the sooty material, but only pyrite is
present below Core 112-688A-33X.

In smear slides the sooty material has the appearance of very
fine-grained, submicrometer-sized “dust” particles; these con-
stitute up to 15% of some samples. This is apparently a meta-
stable phase. When first split open, the core sections of the
sooty sediment are black (2.5Y 2/0 to N1), but after exposure to
air for about one-half hour, these begin to acquire olive gray
colors (5Y 3/1 to 3/2). After several hours of exposure, the en-
tire exposed surface of the split core becomes covered with an
oxidized, olive gray veneer that coats black, unoxidized sedi-
ment below. In smear slides warmed on a hot plate for more
than a few minutes, this opaque dust disappears and is replaced
by a fine brown material that resembles iron oxides in appear-
ance.

Magnetic measurements at Site 688 suggest that this sooty
material may be greigite, a magnetic iron monosulfide mineral.
Unlike all other sites during Leg 112, a strong magnetic signal
persists to a depth of more than 300 mbsf at Site 688, coinciding
with the distribution of the sooty material (see “Paleomagnet-
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Figure 13. Dolomicritic bed grading down into darker mudstone (Sub-
unit I1E; Sample 112-688E-4R-3, 90-115 cm).

ics” section, this chapter). Circumstantial evidence suggests that
this magnetization was acquired during burial diagenesis (rather
than at the time of sedimentation), perhaps at the time the iron
monosulfide phase formed. Below a depth of about 95 mbsf,
the section has normal polarity with the exception of Cores
112-688A-27X and 112-688A-28X, which are reversed. These
are the only two cores between Cores 112-688A-8H and 112-
688A-34X that do not contain abundant sooty material; hence,
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Figure 14. Cross faults offsetting the upper contact of a dolomicritic
bed (Subunit IIE). Faulting precedes dolomitization (Sample 112-688E-
19R-3, 90-100 cm).

these may record a primary magnetic signal rather than one ac-
quired by the precipitation of iron monosulfide during burial
diagenesis.

The black iron monosulfides are thermodynamically unsta-
ble relative to pyrite, and normally are converted to pyrite by
the addition of elemental sulfur during early diagenesis. The
persistence of the black iron monosulfides, mentioned by Ber-
ner (1974) in the Pleistocene sediment of the deep Black Sea
sediments, probably results from an insufficient amount of ele-
mental sulfur to convert them entirely to pyrite. Berner (1974)
proposed that the lack of sulfur is caused by the oxidation of
H,S from the sediment pore water after complete bacterial re-
duction of the limited quantity of dissolved sulfate. The limited
sulfate in the Black Sea was caused by a higher rate of deposi-
tion and a lower sulfate concentration during the last Pleisto-
cene glaciation. The main limiting factor off Peru may be a very
high rate of deposition.

Silicate Diagenesis

Starting with Core 112-688E-23R (545.5 mbsf), secondary
overgrowths on quartz and feldspar grains, along with euhedral
authigenic feldspars, become common in sandy beds. Below
this level, some sandstones have microcrystalline quartz cements
along with phosphatic cements. These observations agree with
the high values of silica in the pore waters at Site 688 (see “Inor-
ganic Geochemistry” section, this chapter). As noted before,
however, all of these earlier phases are replaced by calcite toward
the bottom of the section.
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Figure 16. Cataclastic breccia of Sample 112-688E-27R-1, 59-64 cm. 73—
Environments of Deposition 5t L

Three distinct sedimentary environments encountered in the

770 m penetrated at Site 688 record progressively deeper water

sedimentation from early Eocene to Quaternary time. Litho- 75—
logic Unit I represents a substantial (339 m) accumulation of . 1¢ Cataclastic breccia of Sample 112-688E-27R-2, 65-75 cm.
bioturbated Quaternary diatomaceous muds. Biostratigraphic
data indicate unusually high sedimentation rates of around 300
m/m.y. for this section. The uppermost 132 m is made up of turbidites in the top 66 m indicate shelf-derived sediment influx.
dark olive gray to greenish-gray nannofossil- and foraminifer- Within the diatomaceous muds, benthic foraminifer assemblages
bearing diatomaceous muds. Common foraminifer, terrigenous are representative of present water depths (see “Biostratigraphy”
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Figure 19. Tectonic breccia recovered in Section 112-688E-29R, CC.
Note the angular block of chert.

section, this chapter). The remainder of the Quaternary se-
quence is a diatomaceous mud having a low carbonate content.
From 75 to 312 mbsf, the sediment has a uniform black colora-
tion that is associated with significant pyrite and iron mono-
sulfide contents. This represents a substantially thicker black
section than that encountered at Site 685 (90 m). The black
color and enrichment in monosulfide and pyrite are thought to
be characteristic of high sedimentation rates.

Lithologic Unit II (339-593 mbsf) is composed of diatoma-
ceous and diatom-bearing muds of early Miocene to Pliocene-
Pleistocene age. A biostratigraphic hiatus separating the Pleis-
tocene from the Pliocene is recorded between 341 and 350 mbsf
in Hole 688A and between 350 and 356 mbsf in Hole 688E.

Dolomite occurs as a disseminated authigenic phase through-
out lithologic Unit II, and discrete dolomite zones are developed
at several intervals. A particularly dolomite-rich section occurs
in the lower Miocene at 446 to 565 mbsf. Finely laminated sedi-
ment of alternating diatomite and mudstone with associated mi-
nor phosphorite is present in the upper Miocene and lower Plio-
cene. This facies association is similar to that of the contem-
poraneous sediments of the onshore Pisco Basin. Intervals of
terrigenous sedimentation with reduced diatom content occur in
the lower Miocene and in the lower Pliocene as well. Upper-to-
middle bathyal, benthic foraminifer faunas indicate deposition
of the Pliocene sequence in substantially shallower water (500-
1500 m) than today’s depths.

A marked lithological break to diatom-free calcareous sedi-
ment rich in terrigenous clastic detritus occurs at 593 mbsf. This
coincides with a hiatus that spans the mid-Eocene to the earliest
Miocene, a period of approximately 21.5 m.y. The sediments re-
covered from 621 to 659 mbsf are predominantly greenish-gray
to dark greenish-gray, poorly sorted, quartzo-litho-feldspathic
sandstones interbedded with sandy siltstones and black mud-
stones. These sandstones have a variable and dominantly cal-
citic cement. The sediments show evidence for syngenetic defor-
mation. Beneath the sandstones from 659 to 678 mbsf, a siltier

SITE 688

Figure 20. Poorly sorted sandstone and sandy siltstone of 1_ith?logic
Unit III. Disruption of beds and syngenetic faults are also indicated
(Sample 112-688E-32R-1, 74-89 cm).

sequence contains nannofossil chalks and marls representing a
more quiescent marine-influenced sedimentation. Reworked Cre-
taceous calcareous nannoplankton are recorded from the high-
est levels of the middle Eocene. Benthic foraminifer assemblages
for this section indicate a mid- to upper-bathyal (150-500 m)
range of water depths.

A hiatus from early to mid-Eocene occurs at 678 mbsf. The
lower Eocene sequence from 745 to 678 mbsf includes abundant
transported plant matter, coarse pebbly layers, and bioclastic
material. Toward the base of this unit, calcareous mudstones
and sandstones and silty, bioclastic limestones contain well-pre-
served mollusks, some of which are still articulated. This indi-
cates little transportation before deposition. Bioclastic material
greatly decreases uphole in more sandstone intervals, pebbly
sandstone, and conglomeratic zones containing clasts of milky
quartz, metamorphic rocks, volcanics, micritic limestone, and
chert. Benthic foraminifer and nannofossil assemblages indicate
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10

Figure 21. Angular rock fragments in the poorly sorted sandstone of
Unit II1 (Sample 112-688E-32R-2, 0-10 cm).

shelf depths for the deposition of this sequence. The interval
from 745 to 764 mbsf contains predominantly dark olive gray
mudstones, with minor siltstones and interbedded nannofossil
chalks and marls and foraminifer faunas indicating depths of
150 to 500 m. The last sediments recovered from 764 to 769.5
mbsf are made up of interbedded sandstones, siltstones, and
mudstones, with abundant plant material and foraminifer as-
semblages indicating shelf depths. A chert pebble at this level
contains a planktonic foraminifer fauna of Cenomanian age
identical to faunas of Albian to Cenomanian limestones and
cherts of the Central Andes and the onshore Talara Basin. Plank-
tonic and benthic foraminifer faunas throughout the Eocene se-
quence show close affinities with those of the coastal basins of
Peru. Sedimentation rates for the Eocene section are approxi-
mately 12 m/m.y. and are consistent with breaks between the
pulses of sedimentation.

Structure

The mudstones of Subunit IIA become more indurated and
begin to develop an incipient fissility parallel to bedding. At Site
688, fissility first appears in Section 112-688A-11X-4 at a depth
of 100 mbsf. This is significantly deeper than upslope in Hole
683A, where fissility develops at a depth of 42 mbsf (Section
112-683A-6H-7), but is almost at the same depth as in Hole
685A (Section 112-685A-14X-2), where it appears at 120 mbsf.
The significantly higher sedimentation rate at Sites 685 and 688
may explain the greater depth of the first occurrence of fissility
at these sites.

The boundary between lithologic Units I and II is marked by
an increase in induration. The mudstones of Subunit IIA show
a markedly stronger fissility than that developed in lithologic
Unit I.
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Figure 22. Rounded pebbles in pebbly sandstone of Unit III (Sample
112-688E-36R-2, 8-18 cm).

The first two cores of Hole 688E exhibit a fissility that is well
developed in Cores 112-688A-36X, 112-688A-37X, and 112-688C-
1R. From Section 112-688E-3R-1, normal microfaults indicate
pervasive extension of the sequence. This style of deformation is
developed more or less extensively throughout the entire Unit II.
Thick, diatom-rich layers are dissected by networks of exten-
sional faults. Interlayered diatomite and mudstone layers show
combinations of extensional microfaults and more ductile bou-
dinage. Compressional features are also locally developed.

The black mudstone of Subunit 11B exhibits the same perva-
sive anastomosing fabric described in Subunit IIA. The 11-m-
thick laminated section is extensively deformed by microfaults
and slump folds. Microboudinage, both normal and reverse mi-
crofaults, and advanced stages of stratal disruption, as in Sam-
ple 112-688E-6R-4, 30-120 cm, provide strong evidence for slid-
ing. Zones of discordant beds, inclined at various angles relative
to the surrounding beds, also suggest sliding. The upper contact
of the laminated sequence is marked by a disaggregated zone
(Sample 112-688E-6R-3, 81-92 cm). The lower contact is a fault
surface that sharply truncates the laminated material. Below the
laminated sediments, a very dark gray diatom-bearing silty mud-
stone also exhibits slump structures.

The interval from Cores 112-688E-9R-1 to 112-688E-9R-6
shows evidence of extensive deformation. The bedding orienta-
tions measured are variable and include vertical dips (Sample
112-688E-9R-3, 20-30 cm; Fig. 12), which suggests folding.

Discontinuous lenticular bedding was observed, with numer-
ous sigmoidal dewatering veins roughly perpendicular to the
bedding. We believe these dewatering features were formed dur-
ing a first phase of compaction before folding. This is substanti-
ated by a second phase of cross-cutting dewatering veins that
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Figure 23. Disorganized matrix in pebbly sandstone of Unit III (Sample
112-688E-36R-4, 26-41 cm).

offset the veins of the first phase. The second-phase veins roughly
parallel bedding, which suggests dewatering after folding. The
pore-water content must have been high during deformation,
which favors a slump origin for the fold.

Disruption of the sediment related to slump features and
sliding occurs in various places throughout Subunit 1ID. The
best example is in Core 112-688E-16R.

A more coherent deformation characterizes Subunit IIF, com-
pared with Subunits IIA through IIE. Rare dewatering fractures
and a variable (15°-60°) but persistent dip are the more promi-
nent tectonic features of this interval.

We believe that Cores 112-688E-27R to 112-688E-29R (zone
of cataclastic breccia and poor recovery) represent a thick zone
of deformation induced by tectonic processes that included pul-
verization and brecciation at various scales. This zone of exten-
sive and penetrative deformation has a minimum thickness of
3 m (recovered length) and may be as thick as 28.5 m.

The sediments of lithologic Unit III display numerous exten-
sional microfaults. Although moderate dips are most common,

SITE 688

1icm
Figure 24. Shells and shell debris in bioclastic calcareous sandstone of
Unit 111 (Sample 112-688E-40R, CC).

some steep dips (Fig. 26) suggest the development of folding.
These sandstones are frequently veined with carbonate, and vein-
filled fractures are strongly developed in places. A scaly fabric
similar to that observed at the base of Site 682 is locally devel-
oped in the mudstones.

A Reverse Fault: Analysis and Orientation

The Pliocene mudstone of lithologic Unit 11 (Sample 112-
688A-37X-2, 66-73 cm; Fig. 9) exhibits a well-preserved fault
surface. This fault surface has a classical polish and striated
slickensides parallel to the direction of motion. The fault sur-
face also exhibits little steps developed as the upper side block
pulled apart during this movement. As these steps (Figs. 27 and
7) do not develop any penetrative deformation perpendicular to
the main fault surface, we were able to infer the direction of
movement on the fault.

Reconstruction of the local shortening orientation and deter-
mination of the paleostress field in which the fault formed have
the following requirements:
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Table 3. Carbonate in Hole 688A.

Core/section Depth  Carbonate

interval (cm) (mbsf) (%)
112-688A-1H-1, 82-83 0.82 7.0
1H-3, B2-83 3.82 5.92
1H-4, 145-150 5.95 1.00
1H-5, 82-83 6.82 1.33
2H-1, 44-45 8.74 1.00
2H-3, 44-45 11.74 1.33
2H-5, 44-45 14.74 1.75
2H-7, 44-45 17.74 10.34
3H-2, 42-43 19.72 10.68
3H-4, 145-150 23.75 17.60
4H-1, 44-45 27.74 12.59
4H-3, 44-45 30.74 6.51
5H-1, 64-65 37.44 7.67
5H-3, 64-65 40.44 49.87
6H-2, 65-66 48.45 13.76
6H-3, 140-150 50.70 8.75
6H-5, 63-4 52.93 1.58
TH-3, 71-72 59.51 9.26
8X-1, 57-58 65.87 21.35
9X-5, 110-111 81.90 9.17
9X-5, 140-150 82.20 8.58
9X-6, 110-111 83.40 1.50
10X-2, 32-33 86.12 8.76
11X-2, 28-29 95.58 8.09
12X-1, 55-56 103.85 8.59
12X-1, 140-150  104.70 7.83
13X-2, 66-67 114.96 5.34
13X-6, 66-67 120.96 11.84
14X-2, 85-86 124.65 8.84
14X-6, B5-86 130.65 4,34
17X-1, 58-59 151.38 3.50
16X-2, 11-12 142.91 0.32
16X-4, 140-150  147.20 2.25
16X-6, 12-13 148.92 2.50
17X-6, 58-59 158.88 2,75
18X-1, 133-134  161.63 4.17
19X-1, 58-59 170.38 8.59
19X-3, 140-150  174.20 5.33
19X-5, 58-59 176.38 7.26
21X-1, 63-64 189.43 14.68
21X-3, 63-64 192.43 8.17
21X-3, 108-118  192.88 2,75
22X-1, 20-21 198.50 9.67
23X-1, 69-70 208.49 2,92
24X-1, 50-51 217.80 2.00
25X-1, 62-63 227.42 1.83
25X-1, 140-150  228.20 2.42
26X-1, 33-34 236.63 1.42
28X-1, 55-56 255.85 1.92
27X-1, 25-26 246.05 1.08
27X-4, 140-150  251.70 1.42
30X-1, 115-125  275.45 1.75
32X-4, 37-38 297.04 23.10
33X-1, 86-87 303.66 3.59
33X-3, 140-150  307.20 5.33
34X-1, 68-69 312.98 1.75
34X-6, 68-69 320.48 1.83
36X-1, 85-86 332.15 1.75
36X-7, 85-86 340.85 1.17
36X-6, 140-150  339.90 0.92
37X-2, 59-60 342.89 1.00

1. Orientation of tectonic elements that characterize the fault
as it was observed in the core. The fault plane is determined by
its trace on the split core surface (X, Y is 45° relative to the core
axis; Fig. 27) and its dip that is 60° relative to the split core sur-
face. The pitch of the striated slickenside is 30° to the dip of the
fault plane.

2. Orientation of the core from paleomagnetic measurements.
These indicate that the fault strikes roughly 297° (see “Paleo-
magnetics” section, this chapter).

This allows us to infer the orientation of the stress field in

which the fault worked. The maximum principal stress axis (o)
lies between 20° and 80°, with an average of almost 50° (Fig. 28).
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Table 4. Carbonate in Hole 688E.

Core/section Depth  Carbonate
interval (cm) (mbsf) (%)
112-688E-8R-6, 71-73 420.71 234
9R-5, 102-104 429,02 1.92
12R-2, 51-54 452.51 3.67
12R-2, 113-114 453,13 8.59
14R-1, 141-142  470.91 15.93
14R-2, 42-45 471.42 6.92
16R-1, 42-43 488.92 3.67
19R-2, 16-17 518.66 0.75
20R-1, 53-54 527.03 0.58
23R-3, 79-80 558.79 12.68
24R-2, 94-95 566.94 6.92
25R-2, 45-46 575.95 1.67
26R-1, 51-52 584.01 0.83
27R-1, 10-12 593.10 0.83
27R-1, 66-67 593.66 2,92
27R-1, 85-86 593.85 5.67
I5R-1, 19-20 669.19 2.84
35R-1, 121-122  670.21 3.42
36R-1, 54-55 679.04 9.67
36R-3, 54-55 682.04 1.42
36R-3, 95-96 682.45 2.00
37R-1, 103-104  689.03 2.67
39R-1, 115-116  708.15 6.84
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Figure 25. Carbonate measurements from Site 688.

The CDP-1 MCS record (Fig. 29), which was used to select
Hole 688A for drilling, also reveals normal faults that dip sea-
ward. This is in agreement with the tensional tectonics docu-
mented to the north (Bourgois et al., 1986) during the Seaperc
cruise of the Jean Charcot. One of the normal faults located be-
tween Hole 688A and the scarp at the middle-slope/lower-slope
boundary has a morphological signature, indicating tectonic ac-
tivity at the present time. This fault cuts the thick Quaternary
sequence of lithologic Unit I, the Pliocene-Quaternary bound-
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Figure 26. Bedding-plane dip measurements obtained from Hole 688E.

Top

152

Archive half

Figure 27. Orientation of the fault encountered in Sample 112-688A-
37X-2, 66-73 cm.

ary, and the Pliocene down to a strong reflector. Thus, tensional
and compressional features occur together in Subunit IIA.

BIOSTRATIGRAPHY

Five holes were drilled in a water depth of 3820 m at Site 688,
but cores were recovered from only three holes. Hole 688A pen-

SITE 688
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Figure 28. Equal-area stereographic projection showing the fault en-
countered in Sample 112-688A-37X-2, 66-73 cm. The direction of mag-
netization in the sample was measured and used to orient the fault. The
orientation of the slickensides on the fault plane and some construction

lines are also shown.

etrated 350.3 m of mostly Quaternary hemipelagic sediments.
The lowermost sample at 343.4 mbsf may be of late Pliocene
age. One core of Quaternary diatomaceous mud was recovered
at 359.8 mbsf in Hole 688C. Hole 688E penetrated 779.0 m of
Quaternary to Eocene sediments.

Siliceous microfossils (diatoms, silicoflagellates, and radio-
larians) were abundant in Holes 688A and 688E (0-600 mbsf);
radiolarians were rare and recrystallized below 600 to 767.8 mbsf;
calcareous microfossils were commonly found in the upper part
of the cored section (0-141.1 mbsf), but these also occurred
sporadically in the lower part (141.3-767.7 mbsf).

Based on diatom biostratigraphy, four hiatuses were found
(1) at 353 mbsf at the Pleistocene/Pliocene boundary, (2) at
368 mbsf at the Pliocene/late Miocene boundary, (3) at 453
mbsf in the middle Miocene, and (4) at 590 mbsf in the early
Miocene. We recognized another hiatus using calcareous nanno-
plankton and radiolarian datums between the early Miocene
and the Eocene, i.e., Sections 112-688E-26R, CC (584.6 mbsf)
and 112-688E-27R, CC (595.7 mbsf).

Diatom assemblages are characteristic of the Humboldt Cur-
rent system, with occasionally reworked coastal upwelling fa-
cies. Planktonic foraminifers occur in mixed assemblages (warm
to temperate). Benthic foraminifers indicate a lower-bathyal en-
vironment throughout Hole 688A and a shelf-to-bathyal envi-
ronment in the Eocene part of the section.

Based on diatom biostratigraphy, sedimentation rates are
around 300 m/m.y. for the interval 40 to 320 mbsf, 23 m/m.y.
for the interval 370 to 450 mbsf, and 12 m/m.y. for the interval
460 to 580 mbsf (Figs. 30 and 31).

Sedimentation rates at Site 688 (Fig. 32) are based on calcar-
eous nannoplankton and silicoflagellates and increase down-
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Figure 29. CDP-1 multichannel seismic record on the basis of which Hole 688E was drilled.
Note the normal fault between the scarp and the drill hole.

ward from approximately 100 m/m.y. in the late Quaternary (0-
46 mbsf) to approximately 135 m/m.y. in the late early Quater-
nary (46-179 mbsf), and to approximately 350 m/m.y. in the
earliest Quaternary (179-340 mbsf).

Diatoms

Hole 688A4

Marine planktonic diatoms are abundant and well to moder-
ately well preserved in all acid-treated, core-catcher samples from
Hole 688A. The flora consists of four different assemblages
(types 1, 2, 3, and 4; see Fig. 30). All assemblages are character-
istic of the Humboldt Current system. Reworking of Pliocene to
Miocene specimens occurred sporadically throughout the sec-
tion, with occasional Eocene admixtures. The lowest sample in-
vestigated, Section 112-688A-37, CC (343.4 mbsf) may be of
early Quaternary or late Pliocene age.

The Pseudoeunotia doliolus Zone was found in Sections
112-688A-1H, CC through 112-688A-4H, CC (0-36.8 mbsf);
the Nitzschia reinholdii Zone covered Sections 112-688A-5H, CC
through 112-688A-37X, CC (46.3-343.4 mbsf). The subzone
A/B boundary within the Nitzschia reinholdii Zone was placed
between Sections 112-688A-34X, CC and 112-688A-35X, CC
(321.7-331.2 mbsf).

We observed the following diatom and silicoflagellate da-
tums: Nitzschia reinholdii last appearance datum (LAD) in Sec-
tion 112-688A-5H, CC (46.3 mbsf), Mesocena quadrangula LAD
in Section 112-688A-8X, CC (68.5 mbsf), Rhizosolenia matu-
yama LAD in Section 112-688A-15X, CC (152.7 mbsf), Meso-
cena quadrangula first appearance datum (FAD) in Section 112-
688A-31X, CC (284.5 mbsf), Rhizosolenia matuyama FAD in
Section 112-688A-31X, CC (284.5 mbsf), Pseudoeunotia dolio-
lus FAD in Section 112-688A-35X, CC (331.2 mbsf), and Rhizo-
solenia praebergonii LAD in Section 112-688A-37X, CC (343.4
mbsf).

Based on the first occurrence of Pseudoeunotia doliolus in
Section 112-688A-36X, CC (341.2 mbsf), the Quaternary/Plio-
cene boundary was placed between Sections 112-688A-36X, CC
and 112-688A-37X, CC (341.28-343.4 mbsf). The first occur-
rence of Pseudoeunotia doliolus defines the base of the Nifz-
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schia reinholdii Zone at 1.8 Ma (Barron, 1985). Koizumi (1986)
reported FADs for Pseudoeunotia doliolus in a north-south tran-
sect in the North Pacific that ranged from 1.89 (equatorial Pa-
cific) to 1.9 Ma at a latitude of 40°N. Burckle (1977) proposed a
subdivision of the Nitzschia reinholdii Zone into A and B, based
on the LAD of Rhizosolenia praebergonii at 1.55 Ma. The oc-
currence of Nitzschia species that are very close to Nitzschia
Jouseae, but differ in their finer areolation, may indicate that
Section 112-688A-37X, CC (343.4 mbsf) is near the LAD of
Nitzschia jouseae, which is around 2.5 Ma, and does not seem
to be time transgressive in the North Pacific (Koizumi, 1986).

Sancetta (1982) reported that the extinction level of Meso-
cena quadrangula is reliable and occurs just above the Jaramillo
Magnetic Chron, as reported by Burckle (1977), but the lower
boundary is ill defined. She also reported that the “cold-water”
form, Rhizosolenia matuyama, has a very short range just be-
low and within the Jaramillo Chron (Burckle et al., 1982). These
previously reported ranges seem to concur with our findings
offshore Peru.

Reworking is common throughout the section. The interval
from Sections 112-688A-1H, CC to 112-688A-7TH, CC (0-65.7
mbsf) with rare Rossiella tatsunokuchiensis, Rossiella praepale-
acea, Pyxilla reticulata, Rouxia diploneides, Rhizosolenia barboi,
Denticulopsis hustedtii, and Goniothecium odontella; Section
112-688A-11X, CC (105.7 mbsf) with Rossiella tatsunokuchien-
sis, Section 112-688A-13X, CC (122.1 mbsf) with Denticulopsis
hustedtii, Section 112-688A-20X, CC (179.8 mbsf) with Ros-
siella tatsunokuchiensis, Section 112-688A-30X, CC (275.5 mbsf)
with Rossiella tatsunokuchiensis, Section 112-688A-36X, CC
(341.2 mbsf) with Goniothecium tenue, Thalassiosira praecon-
vexa, Asterolampra acutiloba, and Section 112-688A-37X, CC
(343.4 mbsf) with Denticulopsis hustedtii.

Based solely on the assumption that the LADs of Rhizosole-
nia matuyama, Nitzschia reinholdii, and Rhizosolenia praeberg-
onii are correctly dated and in situ in Hole 688A, a sedimenta-
tion rate of 300 m/m.y. can be calculated. Based on the assump-
tion that the FAD of Pseudoeunotia doliolus is correct and in
situ and that Holocene sediments are found at the top of the re-
covered section, the resulting sedimentation rate is 280 m/m.y.
The occurrence of Rhizosolenia curvirostris in sponge samples
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Figure 30. Age vs. depth plot of Hole 688A samples, based on diatom biostratigraphy. Hiatus H-4 occurs at 330
mbsf. Column A depicts diatom floral changes, column B is the general biostratigraphy of Barron (1985), column
C brackets the occurrence of the silicoflagellate Mesocena quadrangula, and column D illustrates the range of Rhi-

zosolenia matuyama.

from Core 112-688A-35X (321.8-331.2 mbsf) places an age
bracket of 0.3 to 1.4 Ma (maximum ranges as determined from
the North Pacific; Koizumi, 1986) for this entire core. A possi-
ble short hiatus thus may occur at 331.2 mbsf, removing part of
the lower Nitzschia reinholdii Zone. Another hiatus, or a sub-
stantial decrease in sediment accumulation, should also be placed
at the floral boundary of 36.8 mbsf.

The paucity of displaced marine benthic diatoms throughout
the section was unexpected, as was the negligible admixture of
displaced coastal-upwelling floral elements. No freshwater dia-
toms were observed.

Floral changes from a flora that is dominated by Thalassion-
ema nitzschioides, Thalassiothrix longissima, Thalassiosira ec-
centrica, and T. oestrupii were found in Section 112-688A-4H,
CC (36.8 mbsf). Below this boundary to Section 112-688A-10X,
CC (88.0 mbsf), the assemblage is dominated by Thalassiothrix

longissima, and preservation is moderate. The moderately well-
preserved assemblage below this boundary to Section 112-688A-
36X, CC (341.2 mbsf) is dominated by Coscinodiscus nodulifer,
and preservation and diversity increase in Sections 112-688A-
36X, CC (341.2 mbsf) to the basal Section 112-688A-37X, CC
(343.4 mbsf). Detailed studies of the size variations of Coscino-
discus nodulifer may permit direct correlation to the oxygen-iso-
tope stratigraphy in the Quaternary.

“Assemblage 1” (Fig. 30, column A) is a result of normal
fertilization of the Humboldt Current system with temperate
oceanic admixtures; “Assemblage 2” is a result of more vigor-
ous northward flow velocities bringing colder water masses into
the Peruvian area from the south (note that Thalassiothrix lon-
gissima sediment assemblages are found today in the North Pa-
cific); “Assemblage 3” is a documentation of increased oce-
anic/temperate surface-water conditions, which are a result of
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Figure 31. Plot of age vs. corrected depth of Hole 688E samples, based on diatom biostratigraphy. Major hiatuses
H-1 through H-4 with simplified lithology next to the core sample log down to Core 112-688E-30R.

either a decreased flow velocity or a migration farther inshore;
and “Assemblage 4” is similar to “Assemblage 1.”
Rhizosolenia curvirostris was detected in Section 112-688A-
8X, CC (68.55 mbsf) and in samples taken from sponges (see
paragraph below) occurring in Cores 112-688A-21X (188.8 to
192.9 mbsf), 112-688A-32X (293.3 to 304.6 mbsf), and 112-
688A-35X (321.8 to 331.2 mbsf); this is the first reported occur-
rence in the southern Pacific Ocean. Even though the range of
this species is slightly time transgressive in the North Pacific, its
biostratigraphic use in the Peruvian area is important. Rhizoso-
lenia barboi commonly occurs throughout the section.
Thalassiosira leptopus var. elliptica was found in Section 112-
688A-TH, CC (65.7 mbsf). This species was reported by Schra-
der (1974) from TIODZ 1 (Tropical Indian Ocean Diatom Zone),
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which is equivalent to the Pseudoeunotia doliolus Zone of Bur-
ckle (1972). The acme of this specialized form may prove useful
for Peruvian oceanic sections.

A detailed study to determine the environmental nature of
some frequently occurring sponges was undertaken in the fol-
lowing sponge samples: (1) 112-688A-21-2, 91 cm; (2) 112-688A-
28-2, 12.5 cm; (3) 112-688A-28X-2, 12.5 cm; (4) 112-688A-28X-2,
12.5 cm; (5) 112-688A-32X-4, 142 cm; (6) 112-688A-32X-5, 63
cm; (7) 112-688A-32X-5, 143.5 cm; (8) 112-688A-32X-6, 82 cm;
(9) 112-688A-32X-6, 110 cm; (10) 112-688A-32X-8, 36 cm; (11)
112-688A-32X-9, 43.5 cm; (12) 112-688A-32X-9, 44 cm; (13)
112-688A-33X-3, 92 cm; (14) 112-688A-33X-5, 124 cm; (15)
112-688A-35X-1, 136.5 cm; (16) 112-688A-35X-1, 134 cm; (17)
112-688A-35X-1, 6 cm; (18) 112-688A-35X-2, 102 cm; (19) 112-
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Figure 32. Hiatus stratigraphy and sedimentation rates at Site 688, based on calcareous nannoplankton and
silicoflagellates (numbers in left column refer to cores in Hole 688E).

688A-35X-4, 110 cm; (20) 112-688A-35X-5, 35 cm; (21) 112-
688A-35X-6, 131 cm; (22) 112-688A-35X-6, 131.5 cm; (23) 112-
688A-35X-7, 7 cm; (24) 112-688A-35X-7, 41 cm; (25) 112-688A-
6H-7, 64 cm; (26) 112-688A-6H-4, 67 cm; (27) 112-688A-5H-6,
66 cm; (28) 112-688A-5H-3, 44 cm; (29) 112-688A-5H-2, 101
cm; (30) 112-688A-3H-6, 3 cm; (31) 112-688A-2H-1, 85 cm; (32)
112-688A-2H-1, 85 c¢m; and (33) 112-688A-1H-4, 47 cm. Al-
though sponge material was taken from inside the oval com-
pressed sponges to avoid contamination with surrounding ma-
trix material, we could not do this successfully in every case
(contamination did occur in samples 12 and 13).

Sponge contents can be grouped into the following five
classes:

Sponge class 1: barren of diatoms and of sponge spicules
(samples 8, 9, 11, and 18).

Sponge class 2: with diatoms and sponge spicules; diatoms
contain Rhizosolenia curvirostris among other members; all these
samples should be in the range of 0.3-1.4 Ma (maximum bracket
ranges from Koizumi, 1986; (samples 2, 4, 10, 14, and 16).

Sponge class 3: with diatoms and sponge spicules; diatoms
include species that are known from Pliocene/Miocene strata,
including Goniothecium odontella, Rhizosolenia praebarboi, and
Rhizosolenia barboi (samples 1, 2, 17, 24, 25, 26, 27, 31, and
32).

Sponge class 4: with diatoms and sponge spicules; diatom
flora are contemporaneous to the matrix and include Thalassio-
sira oestrupii, Pseudoeunotia doliolus, Nitzschia reinholdii, Me-
socena quadrangula (samples 3, 4, 5, 6, 7, 12, 13, 15, 19, 20, 21,
22, 30, and 29).

Sponge class 5: with diatoms and sponge spicules; diatoms in-
clude shallow-water benthic species (Diploneis bomboides; sam-
ple 28).

Sponge spicules belong to the amphiox, acanthostyl, oxy-
calthrop, nephroid rhax, and hooked amphiox classes (see Locker
and Martini, 1986). The incorporation of long-bowed Rhizoso-
lenia barboi, R. curvirostris, and Chaetoceros setae into spongy
skeletal material is of biological interest; these diatom species
are quite rare in the surrounding matrix. The two sponges
grouped into class 5 originate from the shelf (water depth of less
than 100 m); class 3 sponges originate from continental-margin
outcrops of Pliocene/Miocene age, whereas sponges of class 4
may be in situ. On the other hand, sponges do not occur in high
population densities at water depths below 2000 m, and these
may all be displaced.

Hole 688E

Marine planktonic diatoms are abundant and well preserved
in Cores 112-688E-1R through 112-688E-25R (350.0-576.7
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mbsf); these are abundant to common and moderately well pre-
served in Cores 112-688E-26R through 112-688E-29R (583.5-
612.0 mbsf). Samples below Core 112-688E-29R are barren in
diatoms. Assemblages are highly variable and include typical
coastal-upwelling assemblages, Humboldt Current assemblages,
and shallow-water neritic assemblages. Diatom assemblages hav-
ing excellent preservation were frequently retrieved from dis-
solved (by diluted HCI) dolomites and dolomicrites. Well-pre-
served assemblages were retrieved from fillings of worm struc-
tures in Core 112-688E-26R (583.5-584.7 mbsf). Samples below
Section 112-688E-29R, CC occasionally contained large recrys-
tallized diatom valves of Coscinodiscus sp. and Stephanopyxis
sp.
We recognized four hiatuses (H-1 through H-4), with H-1 lo-
cated in the early Miocene, H-2 in the middle Miocene, H-3 in
the late Miocene and early Pliocene, and H-4 at the Pleisto-
cene/Pliocene boundary. Sedimentation rates were 23 m/m.y.
for the interval at 370 to 450 mbsf, and 12 m/m.y. for the inter-
val at 460 to 580 mbsf (see Fig. 31).

The Thalassiothrix longissima zone was observed in Section
112-688E-14R, CC in the Coscinodicus lewisianus Zone. Ma-
crora stella (a Synuraceae skeleton; see Tappan, 1980) was fre-
quent in this sample, as well as in Section 112-688E-17R, CC.
Shallow-water and neritic assemblages were found in Core 112-
688E-23R, as well as frequent sponge spicules, large Aulacodis-
cus sp., Triceratium sp., and Auliscus sp.; Section 112-688E-22R,
CC contained abundant fish remains in the coarse fraction (Fig.
33).

Abundant recrystallized diatoms and radiolarians were re-
trieved from a phosphorite nodule taken from the top of Section
112-688E-30R-1 (Fig. 34); these abundant remains indicate that

e S——————
100 pm

Figure 33. Transmitted light micrograph of the coarse fraction of Hole
688E, Section 112-688E-22R, CC. Also indicated are fish remains with
very smoothed edges, specimen in right corner with glauconite filling,
radiolarians, diatoms, and quartz/feldspar grains. Scale indicated at
bottom of figure.
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diatom production did occur in the Eocene (see calcareous nan-
nofossils for biostratigraphic age) in the Peruvian continental
margin area and that their absence in sediments may be primar-
ily related to diagenetic processes and dissolution of opal.

Dolomite and dolomicrite Samples 112-688E-34R-1, 80 cm,
112-688E-33R-1, 0-10 cm, and 112-688E-38R-3, 126 cm, were
dissolved and checked for diatoms. The observed flora included
Rhaphidodiscus marylandicus, Synedra jouseana, Annellus ca-
lifornicus, Rossiella paleacea, Coscinodiscus lewisianus, Eu-
campia balaustium, Asterolampra acutiloba, Rocella gelida, and
Coscinodiscus rhombicus. All these samples were cored from
farther uphole and partially represent zones that were not recov-
ered during “normal” drilling.

The common and consistent occurrence of Eucampia antarc-
tica (Eucampia balaustium) in middle Miocene assemblages,
coupled with sporadic occurrences of Coscinodiscus deformans
and Denticulopsis antarctica, implies a much stronger and en-
hanced Humboldt Current system than occurs today. Burckle
(1984) reported that Eucampia antarctica currently occurs
throughout the southern oceans as a minor constituent (see also
Fenner et al., 1976). This enhanced northward transportation of
floral elements apparently occurred in the early Miocene and
during the late Miocene through the Holocene. Antarctic com-
ponents are enriched in Cores 112-688E-8R through 112-688E-
18R (412.5-507.5 mbsf) and represent the Thalassiosira yabei
Zone through the top of the Craspedodiscus elegans Zone of
early through late Miocene age.

Nitzschia aff. grunowii Hasle was found to range from the
Rouxia californica Zone of Akiba (1985) through the Pseudoeu-
notia doliolus Zone of Barron (1985). Detailed morphologic
study will be necessary to confirm the correct placement of this
species because illustrated specimens in Koizumi and Tanimura
(1985) differ from those of Jouse et al. (1982). Thalassiosira
domifacta (Hendey) is a common floral constituent in the Pseu-
doeunotia doliolus through Nitzschia fossilis Zones of Jouse et
al. (1982). Thalassiosira leptopus var. elliptica (Kolbe) Hasle oc-
curs in the Panama Basin in the Pseudoeunotia doliolus Zone
through the upper Rhizosolenia praebergonii Zone of Jouse et
al. (1982). Delphineis aff. sheshukovae Akiba (1985) was com-
monly found in a piece of dolomite in Section 112-688E-25R-1
(species differ by being more compressed and egg-shaped and
by having a wider structureless central area). Akiba (1985) re-
ported D. sheshukovae from the Neodenticula kamtschatika
Zone of lower Pliocene age; specimens in Hole 688E came from
the Thalassiosira yabei Zone of late Miocene age. Nitzschia
pliocena (Brun) Mertz (1966) was found in Section 112-688E-
3R, CC and lower; some specimens resemble Nitzschia jouseae,
except that they are more delicately structured. Akiba (1985)
and Akiba and Yanagisawa (1985) reported that this species oc-
curs in the middle-to-high latitudes of the North Pacific and
that it is restricted to the Thalassionema schraderi Zone (9.0-
7.4 Ma) through the middle part of the Rouxia californica Zone
(7.5-6.7 Ma). Mediaria splendida was found in Sections 112-
688E-3R, CC, and 112-688E-9R, CC. We observed true Media-
ria splendida var. tenera specimens that range into the Pliocene
and thus support the ranges found earlier in Californian marine
sections and in the lower Pliocene Trubi marls in Sicily (see
Schrader and Gersonde, 1978; Gersonde and Schrader, 1984). A
Mediaria species having a structured apical field was found in
Sample 112-688E-26R-1, 56 cm. A large Coscinodiscus aff. radia-
tus having a concentric ring of irregularly placed larger areolae
occurred in Section 112-688E-6R, CC; this form was previously
found at other Leg 112 sites of similar age. The very delicate
Thalassiosira sp. assemblage was found in Section 112-688E-
7R, CC; this interval is time equivalent with Section 112-684C-
10X, CC.

Four hiatuses (Fig. 31) were defined in the interval from 350
to 600 mbsf of Hole 688E. These are discussed as follows:
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Figure 34. Transmitted light micrographs of the coarse fraction of a phosphorite nodule from Sample 112-688E-30R-1, 10-15 cm. A) Abun-
dant, disk-shaped, recrystallized diatoms, a forked sponge spicule, and spherical recrystallized radiolarians, mounted in Hyrax. B) Disk-
shaped recrystallized diatoms with some pyrite structured specks, recrystallized radiolarians at center right, mounted in Canada Balsam. C)
Enlarged recrystallized diatom disk with some pyritized internal structure, mounted in Canada balsam. Scale for each section located at bot-

tom of figure.

Hiatus H-1: Based on diatom biostratigraphy, the placement
of the Miocene/Oligocene boundary is within the Rocella gelida
Zone of Barron (1985). Rocella gelida, Rocella vigilans, and Bo-
gorovia veniamini are used to define zonal boundaries within
the lowermost Miocene to upper Oligocene. These species did

occur in an age-progressing way. The associated occurrence of
Rhaphidodiscus marylandicus in Sample 112-688E-26R-1, 56 cm,
and Section 112-688E-29R, CC makes this assignment weak. J.
Barron (pers. comm., 1986) uses the FAD of Raphidodiscus
marylandicus as the marker for the Oligocene/Miocene bound-
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ary. Fenner (1984), Gombos and Ciesielski (1983), Barron (1985),
and Schrader and Fenner (1976) reported similar ranges. As-
suming that the FAD of Rhaphidodiscus marylandicus is cor-
rect in the literature and that the range off Peru is not diachro-
nous, all diatom-bearing samples of the lower part of Hole
688E must be early Miocene in age and contain reworked Oligo-
cene Rocella vigilans and Bogorovia veniamini zonal species. As
at Sites 682 and 683, a hiatus that removed most of the Oligo-
cene and part of the Eocene must occur within the lower Mio-
cene. The Rocella gelida Zone seemed to be the “oldest” in-situ
diatom zone, and the hiatus may have occurred in this zone.
Floral assemblages of lower Miocene age from Site 688 closely
resemble assemblages found in the Caballas Formation, which
underlies the Pisco Formation on land. The oldest Caballas
Formation samples were also placed into the Rocella gelida
Zone. However, diatomaceous upper Oligocene must have been
deposited, as can be seen by the floral components of the Ro-
cella gelida, Bogorovia veniamini, and Rocella vigilans zones.
H-1 may correspond in part NH1 of Barron and Keller (1983).

Hiatus H-2 occurs between Sections 112-688E-11R, CC and
112-688E-12R, CC, removing part of the middle Miocene. We
recognized this hiatus in other Leg 112 sites. Barron and Keller
(1983) described their NH4 hiatus, which is widely recognized
in the North Pacific and the Californian continental margin
(DSDP Leg 18, Site 173) at 12 to 11 Ma; this hiatus is related to
increased antarctic glaciation and intensified bottom-current
circulation.

Hiatus H-3 occurs in Core 112-688E-3R and correlates well
with other Miocene/Pliocene hiatuses found during Leg 112.
Similar hiatuses were described by Barron and Keller (1983)
from DSDP Sites 173 and 470 and from Newport Beach.

Hiatus H-4 was found in Cores 112-688E-1R and 112-688E-
2R; this Pliocene-Pleistocene hiatus was detected at other Leg
112 sites as well.

Fish remains (Fig. 33) were common in the NaOH-treated
samples from the core catcher of Core 112-688E-22R; these in-
cluded forms that were illustrated by Doyle and Riedel (1980).
Frequently, the cavities of ichthyoliths contained green glauco-
nite and may represent the nuclei of the frequently associated
glauconite particles in the untreated coarse fraction.

Sponge spicules were enriched in the interval from Sections
112-688E-22R, CC to 112-688E-24R, CC; spicules were of the
amphiox- and nephroid-rhax-type and most likely were displaced
from shallow-water environments (water depth of less than 200
m). The following table shows results of our analyses of selected
coarse-fraction components. Each component was 63 um wet
sieved with a Canada balsam mount; those requiring special
treatment are discussed separately.

Sample 22 23 24 25 26
Component

Radiolarians c RO C e
Fish remains € e
Sponge spicules C F R R F
Glauconite F — F R R
Plant debris T R R R R
Craspedodiscus coscinodiscus — — T T T
Rocella gelida e i et R

C = common; R = rare; F = few; T = trace.

We noted that reworking occurred frequently in Hole 688E,
with Pliocene and Miocene (Denticulopsis hustedtii, Rossiella
tatsunokuchiensis) in Section 112-688E-1R, CC, and undiffer-
entiated Miocene in Cores 112-688E-9R through 112-688E-12R.
Downhole cavings were found to occur occasionally and to ob-

898

scure the age-progressing sequence. Reworked Oligocene into
lower Miocene was noted, with elements from the Bogorovia ve-
niamini and Rocella vigilans zones.

Displaced marine benthic diatoms occurred throughout the
Neogene section; Sections 112-688E-11R, CC, 112-688E-10R,
CC, 112-688E-9R, CC, and 112-688E-8R, CC seemed to be ex-
ceptionally enriched in these floral elements. Displaced fresh-
water species were found in Sample 112-688E-19R-1, 10-11 cm.

The following diatom zones were recognized: Nitzschia rein-
holdii Zone of Barron (1985) in Section 112-688E-1R, CC;
Neodenticula kamtschatica Zone of Koizumi (1973; see also
Akiba, 1985) of latest late Miocene through early Pliocene age
(6.0-3.2 Ma; Barron, 1980) in Section 112-688E-2R, CC; Tha-
lassiosira convexa Subzone A of Barron (1985) in Section 112-
688E-3R, CC; Nitzschia miocenica Zone of Barron (1985) in
Section 112-688E-4R, CC; Thalassiosira convexa Subzone C of
Barron (1985) in Sample 112-688E-6R-1, 145-150 cm; Thalassi-
osira yabei Zone of Barron (1985, listed under Coscinodiscus
yabei Zone) in Cores 112-688E-8R through 112-688E-9R; Ac-
tinocyclus moronensis Zone of Barron (1985) in Section 112-
688E-12R, CC; Coscinodiscus gigas var. diorama Zone of Bar-
ron (1985) in Section 112-688E-13R, CC; Coscinodiscus lewi-
sianus Zone of Barron (1985) in Section 112-688E-14R, CC;
Craspedodiscus elegans Zone of Barron (1985) in Cores 112-
688E-19R through 112-688E-20R; Bogorovia veniamini Zone of
Barron (1985) in Cores 112-688E-23R through 112-688E-24R
(see also Gombos, 1983, and Gombos and Ciesielski, 1983); Ro-
cella vigilans Zone of Barron (1985) in Cores 112-688E-26R
through 112-688E-29R (note the core catcher of Core 112-688E-
29R contained three different lithologies; the diatom-bearing
sample was a dark soft mudstone). Note that the oldest non-
reworked diatom zone is the Rocella gelida Zone of Barron
(1985); all Oligocene zones are reworked.

Preparation Method for Diatoms and Radiolarians in
Semiconsolidated Hemipelagic Sediments

The consolidation of diatom particles in nondestructive ag-
gregates caused frequent problems during Leg 112. Conventional
methods for cleaning these sediments by boiling them in a mix-
ture of HCl and H,0, did not disaggregate these particles. A
modification of a rigorous method developed by diatom scien-
tists (summarized by Hustedt, 1924) was applied. Muds were
boiled in fumic HNO, to destroy organic matter and frequently
occurring pyrite. The sample was washed in distilled water and
then boiled in a diluted NaOH solution until some flocculation
was observed. Immediately washing samples in distilled water
prevented the opal from being dissolved. Samples were washed
with the aid of a centrifuge (1500 rpm, 3 min). Radiolarians
were concentrated by removing all the diatom aggregates and by
dissolving diatoms in a stronger NaOH solution. Correct con-
centration of reagents and time of boiling was empirically de-
termined by taking sample splits and observing the breakdown
of aggregates under the microscope. Radiolarian mounts were
washed by sieving the material through a 63-um sieve. Extreme
caution was exercised to avoid dissolution of opaline microfossils.

Silicoflagellates and Other Siliceous Groups

All core-catcher samples of Hole 688A were studied for sili-
coflagellates and some other siliceous microfossil groups. The
silicoflagellate assemblages in all core-catcher samples were domi-
nated by members of the Dictyocha messanensis group. Diste-
phanus speculum speculum f. speculum was frequently found
throughout the sequence, whereas D. speculum speculum f. pen-
tagonus occurred in only a few samples. Mesocena quadrangula
was observed in varying numbers between Section 112-688A-
8X, CC (68.5 mbsf) and Section 112-688A-36X, CC (341.2
mbsf); the species has its lowest occurrence at this site in these



samples. A Quaternary age was indicated for most of the se-
quence.

Two samples from Hole 688C at 351.0 (112-688C-1R-1, 75
c¢m) and 351.5 mbsf (112-688C-1R, CC) contain Dictyocha per-
laevis delicata and lack both Mesocena quadrangula and Meso-
cena circulus, which places these samples in the lowest Pleisto-
cene or uppermost Pliocene.

In Hole 688E, all core-catcher and some additional samples
were investigated. Mesocena quadrangula occurs in Cores 112-
688E-1R and 112-688E-2R (350-356 mbsf), and Dictyocha per-
laevis delicata has its lowest occurrence in Section 112-688E-
3R, CC, duplicating results from the lowest part of Holes 688A
and 688C. Cores 112-688E-2R and 112-688E-3R in Hole 688E,
as well as Cores 112-688A-36X and 112-688A-37X may be di-
vided by a short hiatus that separates the Mesocena quadran-
gula Assemblage from the Dictyocha perlaevis Assemblage. A
sudden change to a meager silicoflagellate assemblage between
Sections 112-688E-3R, CC and 112-688E-4R, CC may indicate
another hiatus. Between Sections 112-688E-4R, CC and 112-
688E-7R, CC, the silicoflagellate assemblage consists only of
members of the Distephanus speculum group and of Dictyocha
messanensis stapedia. In Section 112-688E-8R, CC (421.7 mbsf)
Dictyocha varia and members of the Distephanus crux group
appear. We did not notice any overlap between this assemblage
and the occurrence of Dictyocha messanensis stapedia, and we
suspect another hiatus. The late middle to early upper Miocene
Dictyocha varia Zone was recognized between Sections 112-
688E-8R, CC and 112-688E-12R, CC (421.7-453.0 mbsf). In
Section 112-688E-13R, CC, we found the last occurrence of Cor-
bisema triacantha. Intervals between Samples 112-688E-14R-3,
13-14 cm, and 112-688E-16R-1, 15-16 cm, can be placed in the
Distephanus stauracanthus Zone, with D. stauracanthus f. stau-
racanthus present throughout this interval. Distephanus staura-
canthus f. octogonus was found in Section 112-688E-16R, CC,
which indicates that the interval between Sections 112-688E-
13R, CC and 112-688E-16R, CC (460.0-489.8 mbsf) can be
placed in the upper part of the middle Miocene Corbisema tria-
cantha Zone.

Cores 112-688E-17R, 112-688E-18R, and 112-688E-21R
yielded only caved-in middle Miocene material from above this
interval. Samples from Cores 112-688E-19R, 112-688E-20R, and
112-688E-22R to 112-688E-24R contain rare specimens of the
Distephanus crux group, and Section 112-688E-20R, CC also
contains Corbisema triacantha. These samples cannot be as-
signed to a certain zone. Sample 112-688E-25R-1, 141 cm, cer-
tainly can be placed below the last occurrence of Naviculopsis
species in the late early Miocene as we found rare Naviculopsis
biapiculata. We noted Rocella gelida in Section 112-688E-25R,
CC, indicating the Rocella gelida Zone of Barron (1985), which
straddles the Oligocene/Miocene boundary. This agrees with
the placement of Section 112-688E-25R, CC in nannoplankton
Zone NN1/2 (see below). The interval between Core 112-688E-
27R and the terminal Core 112-688E-46R (593.0-775.0 mbsf) is
barren of silicoflagellates.

Rare reworked Corbisema triacantha and Naviculopsis bia-
piculata were found in Sections 112-688A-8X, CC (68.5 mbsf)
and 112-688A-23X, CC (208.5 mbsf), most probably derived
from lower Miocene strata.

Actiniscidians and ebridians were occasionally noted and in-
clude Actiniscus pentasterias (Sections 112-688A-1H, CC and
112-688A-19X, CC), Actiniscus(?) elongatus (Sections 112-688A-
4H, CC and 112-688A-36X, CC), and Parathranium clathratum
(Section 112-688A-3H, CC).

As noted at previous sites, sponge spicules represent a minor
component of the regular siliceous microfossil assemblages; how-
ever, these were also found in whitish clusters throughout most
of the sequence. Preliminary data seem to indicate different
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composition values for some clusters, especially when compared
with those from Site 685. Monaxones of various shapes are the
most common forms, but some tetraxons were also observed.
From 28 individually selected samples recovered between Cores
112-688A-1H and 112-688A-29X, 16 were processed, and pre-
liminary data are available. Fourteen samples contain resting
cysts of diatoms interpreted as Goniothecium odontella by Schra-
der and Fenner (1976) and were found in the middle Miocene to
early Pliocene of DSDP Site 348 (Norwegian Sea). However,
this species was not plotted in Schrader and Fenner (1976) and
an Oligocene-Miocene age was quoted for its distribution. The
remaining two samples (112-688A-5H-2, 101 cm, and 112-688A-
8X, CC) contained specimens of a Diploneis species not found
in the other samples. Several of these sponge clusters were aligned
along distinct layers, which in the case of Sample 112-688A-2H-1,
85 c¢m, also contained abundant diatom girdles, which indicates
winnowing and transportation. If the ages given for Goniothe-
cium odontella are correct, most of these sponges are displaced
from older strata. Otherwise, the sponges must have acquired
these resting cysts when they were washed out from Miocene/
Pliocene strata elsewhere. We will not speculate further as long
as the composition value for each recovered sample is unknown.

Calcareous Nannoplankton

All core-catcher and some additional samples from Hole
688A were studied for calcareous nannoplankton. The first four
cores, with the exception of the uppermost part of Core 112-
688A-1H, contain a moderately well preserved late Quaternary
nannoplankton assemblage that includes common Gephyrocapsa
oceanica and Gephyrocapsa aperta, few Coccolithus pelagicus,
Cyclococcolithus leptoporus, and Helicosphaera carteri. To date,
we have not tried to differentiate the Emiliania huxleyi Zone
(NN21) from nannoplankton Zone 20 (Gephyrocapsa oceanica
Zone). Thus, Cores 112-688A-1H to 112-688A-4H were placed
in the combined nannoplankton Zones NN20/21 (Gephyrocapsa
oceanica/Emiliania huxleyi Zone). In Section 112-688A-5H, CC
(46.3 mbsf) and below, we found occasional occurrences of Pseu-
doemiliania lacunosa, indicating that most of the sequence be-
longs to the Quaternary nannoplankton Zone NNI19 (Pseudo-
emiliania lacunosa Zone).

From Core 112-688A-14X (122.3 mbsf) downward, barren
intervals are common and include part of Cores 112-688A-14X
to 112-688A-16X (122.3-157.7 mbsf), 112-688A-23X, 112-688A-
25X to 112-688A-27X (226.8-253.4 mbsf), part of Core 112-
688A-30X, Cores 112-688A-31X and 112-688A-32X (283.3-304.6
mbsf), as well as Cores 112-688A-35X to 112-688A-37X (321.8-
343.4 mbsf).

Cyclococcolithus macintyrei was found in single specimens
having poor preservation in Sections 112-688A-6H, CC and 112-
688A-9X, CC, which we believe are reworked. The species is
found more frequently and is better preserved in Cores 112-
688A-19X to 112-688A-22X (169.8-198.7 mbsf), which indicates
the lower part of nannoplankton Zone 19 (Pseudoemiliania la-
cunosa Zone) at this level. The remaining parts (Cores 112-688A-
17X, 112-688A-18X, 112-688A-24X, 112-688A-28X, 112-688A-
29X, and part of 112-688A-32X to 112-688A-34X) contain only
rare and, in most cases, poorly preserved Gephyrocapsa species
as well as Coccolithus pelagicus and may represent displaced ma-
terial from upslope. Because of the impoverished nannoplank-
ton assemblages and barren intervals, no zonal or age assign-
ment was possible for the sequence below Core 112-688A-22X
(198.7 mbsf) to the terminal depth of 350.3 mbsf of Hole 688A.

Two samples from Hole 688C at 351.0 (112-688C-1R-1, 75 cm)
and 351.5 mbsf (112-688C-1R-1, bottom) are barren in calcare-
ous nannoplankton.

In Hole 688E, Cores 112-688E-1R to 112-688E-11R (350.0-
441.0 mbsf), 112-688E-19R (517.0-521.8 mbsf), and 112-688E-
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26R (583.5-584.6 mbsf) again are barren in calcareous nanno-
plankton. Between Cores 112-688E-12R and 112-688E-20R
(450.5-528.3 mbsf), we observed middle Miocene calcareous nan-
noplankton assemblages that contained moderately well pre-
served Discoaster exilis, Discoaster variabilis, Reticulofenestra
pseudoumbilica, Cyclococcolithus floridanus, and others in vary-
ing numbers. Because we did not observed Sphenolithus hetero-
morphus, the nannoplankton assemblage of Cores 112-688E-
12R to 112-688E-20R can be placed in nannoplankton Zone
NNG6 (Discoaster exilis Zone). Cores 112-688E-17R, 112-688E-
18R, and 112-688E-21R contained only some caved middle Mi-
ocene material. Between Samples 112-688E-22R-1, 2-3 cm (545.5
mbsf) and 112-688E-24R-1, 86-87 cm, and again in Section 112-
688E-25R, CC (576.7 mbsf) below a barren interval, we recog-
nized a nannoplankton assemblage dominated by Discoaster de-
flandrei, Cyclococcolithus floridanus, and Reticulofenestra sp.
(small). Coccolithus miopelagicus,, C. pelagicus, and rare Sphe-
nolithus dissimilis and Coccolithus abisectus also were observed.
Since we did not find Sphenolithus belemnos and Sphenolithus
heteromorphus nor Dictyococcites dictyodus and other species
that have their last occurrence at or near the Oligocene/Mio-
cene boundary, we believe that the above interval represents the
early Miocene nannoplankton Zones NN1 (Triguetrorhabdulus
carinatus Zone) and NN2 (Discoaster druggii Zone).

A major hiatus was found between Cores 112-688E-26R and
112-688E-27R. In Core 112-688E-27R, a middle Eocene nan-
noplankton assemblage is present in Sample 112-688E-27R-1,
120 cm (594.2 mbsf), which includes Chiasmolithus solitus, Re-
ticulofenestra umbilica, Cyclococcolithus formosus, Cribrocen-
trum reticulatum, Discoaster saipanensis, Discoaster barbadien-
sis, and Neococcolithus dubius. This assemblage can be placed in
nannoplankton Zone NP16 (Discoaster tani nodifer Zone) and
can be followed down to Sample 112-688E-36R-1, 60-61 cm
(670.5 mbsf), although several intervals between these cores are
barren or contain only rare and poorly preserved nannoplank-
ton species. A change in the nannoplankton assemblage obvi-
ously related to a hiatus was noted between Samples 112-688E-
36R-1, 60-61 cm, and 112-688E-36R-2, 18-19 cm. In the latter
sample, Discoaster saipanensis, Cribrocentrum reticulatum, and
Reticulofenestra umbilica are missing, but rare Discoaster sub-
lodoensis is present, which indicates nannoplankton Zone NP14
(Discoaster sublodensis Zone). Below, Discolithina and Transver-
sopontis species show a significant increase, and we also found
Braarudosphaera bigelowi, which indicates a shallower water
depth than in the overlying middle Eocene. Sample 112-688E-
36R-2, 140-141 cm, contains moderately well-preserved Disco-
aster lodoensis, Discoaster distinctus, Discoasteroides kuepperi,
Cyclococcolithus formosus, Chiasmolithus solitus and others, in-
dicating the presence of the early Eocene nannoplankton Zone
NP13 (Discoaster lodoensis Zone). The remaining cores down
to the terminal Core 112-688E-46R (terminal depth of 779.0
mbsf) also contain the nannoplankton assemblage of Zone
NP13. The exception are Cores 112-688E-40R and 112-688E-41R
(616.5-735.5 mbsf), which are barren in calcareous nanno-
plankton.

Based on calcareous nannoplankton and silicoflagellates, sedi-
mentation rates at Site 688 (Fig. 32) are increasing downhole
from approximately 98 m/m.y. in the late Quaternary (0-46
mbsf) to approximately 135 m/m.y. in the late early Quaternary
(46-179 mbsf), and to approximately 350 m/m.y. in the earliest
Quaternary (179-340 mbsf). This assumption is true if the first
occurrence of Mesocena quadrangula at this site really is near
the Pliocene/Pleistocene boundary. Sedimentation rates for the
upper part of Hole 688E down to Core 112-688E-11R cannot be
evaluated at present because of suspected hiatuses of an as yet
unknown duration (Fig. 31). In the middle Miocene (450-528
mbsf), the sedimentation rate may exceed 43 m/m.y., based on

the occurrence of nannoplankton Zone NN6 in this interval. In
the lower Miocene (545-593 mbsf) a rate of at least 9.4 m/m.y.
is indicated by calcareous nannoplankton, but this rate may be
considerably higher as the interval between Cores 112-688E-22R
and 112-688E-26R may represent only part of nannoplankton
Zone NN1/2. The middle Eocene is represented by nannoplank-
ton Zone NP16 in Cores 112-688E-27R to 112-688E-35R, and a
sedimentation rate of more than 47.5 m/m.y. may be expected
between 593 and 678 mbsf. In the lower Eocene, a sedimenta-
tion rate between at least 66 and up to 125 m/m.y. was calcu-
lated. This depends on whether nannoplankton Zone NP14 (Dis-
coaster sublodoensis Zone) is present in Core 112-688E-36R,
which we tentatively assigned to nannoplankton Zone NPI13
(678 to 775 mbsf). Note that sedimentation rates were not ad-
justed to dipping values.

Based on calcareous nannoplankton and silicoflagellates, the
stratigraphy of the hiatuses at Site 688 is summarized in Figure
31. We found or suspected seven hiatuses, numbered LH-1 to
LH-7 (LH for local hiatus) from top to bottom. Hiatuses LH-1
to LH-3 within the earliest Pleistocene to late Miocene interval
were indicated by sudden changes in silicoflagellate assemblages,
with some overlapping ranges of species missing. LH-3 seems to
represent a major regional hiatus also known from Sites 683,
684, and 685 in the late Miocene. However, as calcareous micro-
fossils were not available for comparison, these preliminary data
must be confirmed by other siliceous microfossil groups. LH-4
occurred in the late middle Miocene and is indicated by another
sudden change in the silicoflagellate assemblage and a change to
calcareous sedimentation that incorporates nannoplankton Zone
NNG6. Again, the duration of the hiatus is somewhat uncertain
without further data. Hiatus LH-5 divides the middle Miocene
nannoplankton Zone NN6 from the early Miocene Zone NN1/2
at approximately 545 mbsf. We calculated its duration as 4.5
m.y. The next observed hiatus, LH-6, is one of the major re-
gional hiatuses and separates the middle Eocene nannoplankton
Zone NP-16 from the early Miocene Zone NN1/2 at Site 688.
This hiatus also occurs at Site 682 between the middle Eocene
(Zone NP16) and lower Oligocene (Zone NP21) and at Site 683
between the middle Eocene (Zone NP17) and middle Miocene
(Zone NN5). A large-scale erosional change is already indicated
by the occasional presence of reworked Cretaceous nannoplank-
ton at Site 682 and 688 in the highest levels of the preserved
middle Eocene. Reworked material is particularly abundant in
the basal Oligocene of Site 682. This major regional hiatus cov-
ers an interval of approximately 21.5 m.y. at Site 688. The low-
est hiatus discovered (LH-7) has a duration of about 2.8 m.y.
and separates the middle Eocene nannoplankton Zone NP16
from the early Eocene nannoplankton Zones NP13 and NP14.

Radiolarians

To extract radiolarians from Section 112-688E-16R, CC (489.8
mbsf) downhole, the techniques used for shales and Mesozoic
rocks were employed (De Wever et al., 1979; De Wever, 1982).
One hiatus was documented between Sections 112-688E-26R,
CC (584.6 mbsf) and 112-688E-27R, CC (595.7 mbsf) by radio-
larians between early Miocene and Eocene age.

Hole 6884

All core-catcher samples from Hole 688A were studied for
radiolarians. These are generally well preserved in all samples
and common to abundant.

A radiolarian assemblage containing Didymocyrtis tetratha-
lamus and Lamprocyrtis nigriniae was found in Sections 112-
688A-1H, CC (8.3 mbsf) to 112-688A-23X, CC (208.5 mbsf),
and 112-688A-25X, CC ( 229.1 mbsf) to 112-688A-30X, CC
(275.6 mbsf). This assemblage indicates a Quaternary age.



Lamprocyrtis neoheteroporos was found in Section 112-688A-
30X, CC (275.5 mbsf) coexisting with L. nigriniae. Thus, this
sample is younger than earliest Quaternary in age.

L. neoheteroporos, Didymocyrtis tetrathalamus, and Theo-
corythium vetulum were found in Sections 112-688A-32X, CC
to 112-688A-37X, CC (304.6-331.2 mbsf). These indicate an
earliest Quaternary to late Pliocene age.

Section 112-688A-24X, CC (21.85 mbsf) was not available
for radiolarian investigations.

Hole 688E

All core-catcher samples as well as other additional samples
from this hole were studied for radiolarians. Preservation of ra-
diolarians was well to poor and deteriorated downhole. These
are rare, except in Section 112-688E-1R, CC, which contains
few radiolarians. These are diluted by diatoms in the upper part
of the section.

Sections 112-688E-2R, CC (356.1 mbsf) to 112-688E-7R, CC
(412.5 mbsf), 112-688E-9R, CC (430.5 mbsf), 112-688E-13R, CC
to 112-688E-16R, CC (460 to 489.8 mbsf), 112-688E-24R, CC
(567.5 mbsf), and 112-688E-29R, CC (621 mbsf) yielded too few
specimens to allow any dating.

Sections 112-688E-21R, CC (536.5 mbsf) and 112-688E-28R,
CC (602.5 mbsf) were unavailable for radiolarian investigation.

A radiolarian assemblage containing Lamprocyclas neohet-
eroporos was found in Section 112-688E-1R, CC (353 mbsf).
Although we searched for L. nigriniae, we found no specimens.
Thus, this assemblage indicates an early Quaternary to Pliocene
age.
Didymocyrtis hughesi or D. pettersoni and Stichocorys del-
montensis were found in Section 112-688E-8R, CC (421.7 mbsf).
These species indicate an early middle Miocene age. Although
S. delmontensis was found in Section 112-688E-10R, CC (438.5
mbsf), it still belongs to Miocene age.

Didymocyrtis mammifera was found in Section 112-688E-
11R, CC (441 mbsf). The species ranges from the base of the D.
pettersoni Zone to the base of the Calocycletta costata Zone,
which represents the early middle Miocene to the late early Mio-
cene. Taking into account the results from Sections 112-688E-
8R, CC (421.7 mbsf) and 112-688E-12R, CC (453.4 mbsf), an
early middle Miocene age is most probable.

Didymocyrtis laticonus and Stichocorys delmontensis were
found in Section 112-688B-12R, CC (453.4 mbsf). These indi-
cate the middle Miocene to the lowermost upper Miocene. Tak-
ing into account the results from previous samples, a middle
Miocene age is probable for this sample.

Phormocyrtis fistula, Lithopera thornburgi, and Stichocorys
delmontensis were found in Section 112-688E-17R, CC (498
mbsf). This association indicates the top of the Dorcadospyris
alata Zone to the bottom of the Didymocyrtis pettersoni Zone,
which represents the middle Miocene.

Stichocorys delmontensis and a fragment of Dorcadospyrys
dentata were found in Section 112-688E-18R, CC (507 mbsf).
These indicate the Calocycletta costata Zone to the lowermost
part of the Stichocorys wolffii Zone, which corresponds to the
late early Miocene.

S. delmontensis, Didymocyrtis tubarius, and Calocycletta co-
stata were found in Sections 112-688E-19R, CC and 112-688E-
20R, CC (521.8-528.3 mbsf). These indicate the earliest middle
Miocene to the late early Miocene.

Cyrtocapsella tetrapera was found in Section 112-688E-22R,
CC (545.7 mbsf). This species indicates the base of the C. fetra-
pera Zone or a younger age. Thus, only a Miocene age is as-
sumed.

S. delmontensis was found in Section 112-688E-23R, CC
(559.4 mbsf) and indicates a Miocene age. Siphostichartus prae-
corona and S. corona were found in Section 112-688E-25R, CC

SITE 688

(576.7). According to Nigrini (1977), these indicate the early Mi-
ocene.

Lychnocanomma elongata was found in Section 112-688E-
26R, CC (584.6 mbsf). It indicates early early Miocene to the
latest Oligocene age. Lithocyclia ocellus or L. aristotelis along
with fish scales was found in Section 112-688E-27R, CC (595.7
mbsf). This specimen indicates an Eocene age.

Theocampe mongolfieri was tentatively identified in Section
112-688E-30R, CC (623.2 mbsf), which would indicate an Eo-
cene age. Dictyoprora amphora group was tentatively identified
in Section 112-688E-30R, CC (623.2 mbsf), which according to
Nigrini (1977) indicates an Eocene age.

Eusyringium fistuligerum and Theocampe mongolfieri were
found and Thyrsocyrtis rhizodon and Lychnocanomma bellum
were tentatively identified in Sample 112-688E-33R-2, 62-64 cm
(652.1 mbsf). These indicate the late early to middle Eocene.

Lychnocanomma bellum was identified in Section 112-688E-
34R, CC (661.8 mbsf). According to Kling (1978) this species in-
dicates the late early to middle Eocene.

Dictyoprora amphora group was tentatively identified in Sec-
tion 112-688E-34R-1, 102-103 c¢cm (660 mbsf), which according
to Nigrini (1977) indicates an Eocene age.

Thyrsocyrtis rhizodon was tentatively identified in Section
112-688E-35R, CC (670.5 mbsf), which according to Kling (1978)
indicates an Eocene age. Radiolarians were present mainly as in-
ner molds and thus were unidentifiable for the most part.

Sections 112-688E-32R, CC (642.4 mbsf), 112-688E-33R, CC,
and 112-688E-36R, CC to 112-688E-38R, CC (683.6 to 702.9
mbsf), 112-688E-40R, CC, 112-688E-41R, CC, 112-688E-43R,
CC, and 112-688E-45R, CC yielded specimens that were too
rare and too poorly preserved to allow us to assign ages. The
samples often yielded inner molds of radiolarians, crystallized
with silicified foraminifers (e.g., Section 112-688E-37, CC). Sec-
tions 112-688E-42R, CC and 112-688E-44R, CC were barren.

Section 112-688E-39R, CC (710.9 mbsf) presented an inner
mold that may correspond to Eusyringium lagena from late
early Eocene to early late Eocene.

Planktonic Foraminifers

Core-catcher samples from Holes 688A and 688E were exam-
ined for planktonic foraminifers. Age-diagnostic species were
recognized in Sections 112-688A-12, CC (105.5 mbsf), 112-688A-
37X, CC (343.4 mbsf), 112-688E-12R, CC (453.4 mbsf), 112-
688E-37R, CC (691.2 mbsf), and 112-688E-44R, CC (757 mbsf).
Hole 688A can be placed in the Quaternary age, and Section
112-688A-37X, CC (343.4 mbsf) is 1.8 m.y. or older. Section
112-688E-12R, CC (453.4 mbsf) can be placed in the early Mio-
cene, and Sections 112-688E-37R, CC (691.2 mbsf), and 112-
688E-44R, CC (757 mbsf) can be dated as early Eocene.

Hole 688A

In Sections 112-688A-1H, CC through 112-688A-15X, CC
(8.3-141.1 mbsf), planktonic foraminifers were abundant to rare
and well or moderately well preserved. Below Section 112-688A-
16X, CC (152.7 mbsf), core-catcher samples were barren of
planktonic foraminifers, except for Sections 112-688A-19X, CC
(176.7 mbsf), 112-688A-21X, CC (192.9 mbsf), 112-688A-22X,
CC (198.7 mbsf), 112-688A-27X, CC (253.4 mbsf), 112-688A-
34X, CC (321.7 mbsf), and 112-688A-37X, CC (343.4 mbsf), in
which planktonic foraminifers were few or rare and moderately
to poorly preserved.

Sections 112-688A-1H, CC (8.3 mbsf) through 112-688A-
7H, CC (65.7 mbsf) contain Globigerinoides ruber, Globorota-
lia menardii, G. tumida tumida, Pulleniatina obliquiloculata,
and Sphaeroidinella dehiscens dehiscens; these species indicate
a subtropical environment. Below Section 112-688A-8X, CC
(68.5 mbsf), planktonic foraminifer assemblages indicate tem-
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perate conditions, except in Section 112-688A-21X, CC (192.9
mbsf), where Globigerinoides sacculifer, Globorotalia menar-
dii, and Pulleniatina obliquiloculata indicate warm water.

Hastigerinopsis riedeli was found in Sections 112-688A-7H-2
(57.3 mbsf), 112-688A-8X, CC (68.5 mbsf), and 112-688A-13X,
CC (122.1 mbsf). Globorotalia bermudezi was found in Sec-
tions 112-688A-8X, CC (68.5 mbsf) and 112-688A-12X, CC.
Both species occur only in the Quaternary (Poore, 1979; Rogl
and Bolli, 1973). Globigerinoides tenellus was found in Section
112-688A-28X, CC (257.0 mbsf); it ranges from N21 to the Hol-
ocene. The last occurrence of Neogloboquadrina humerosa is in
Section 112-688A-3H, CC (27.5 mbsf). This species ranges from
Zone N18 to Zone N22, late Miocene to Pleistocene. Globigeri-
noides obliquus obliguus was found in Section 112-688A-37X,
CC (343.4 mbsf). The last occurrence of this species is at 1.8 Ma
(Berggren et al., 1983). Based on planktonic foraminifers, the
age of the lowermost sample, 112-688A-37X, CC is 1.8 m.y. or
older.

Hole 688C

In the core-catcher sample from Hole 688C at 351.5 mbsf,
planktonic foraminifers were rare and well preserved; however,
no age-diagnostic species were recognized.

Hole 688E

Planktonic foraminifers were found in Sections 112-688E-
12R, CC through 112-688E-18R, CC (453.4-507.5 mbsf), 112-
688E-37R, CC (691.2 mbsf), 112-688E-38R, CC (702.9 mbsf),
and 112-688E-44R, CC(757 mbsf). These are rare and well to
moderately well preserved, except in Sections 112-688E-37R, CC
(691.2 mbsf), 112-688E-38R, CC (702.9 mbsf), and 112-688E-
44R, CC (757 mbsf), where they are poorly preserved.

Globigerinoides sacculifer and Catapsydrax unicavus were
found in Section 112-688E-12R, CC (453.4 mbsf), and Catapsy-
drax unicavus and Globigerinita uvula were found in Section
112-688E-18R, CC (5.7.5 mbsf). The range of Globigerinoides
sacculifer is N6 to Holocene; the range of Catapsydrax unicavus
is P14 to N6, and the range of Globigerinita uvula is P22 to the
Holocene (Blow, 1969; Poore, 1979). We placed both sections in
N6, the early Miocene. Acarinina intermedia was found in Sec-
tion 112-688E-37R, CC (691.2 mbsf); the range of this species is
from P4 to P6, late Paleocene to early Eocene (Berggren, 1977),
and the sample was placed in late Paleocene to early Eocene.
We could not ascertain the age of Section 112-688E-38R, CC
(702.9 mbsf) because planktonic foraminifers were rare and
poorly preserved. Acarinina esnaensis and A. pentacamerata were
found in Section 112-688E-44R, CC (757 mbsf). The range of
Acarinina esnaensis is from P4 to P6, while Acarinina pentaca-
merata ranges from P6 to P9 (Berggren, 1977). This sample was
placed in P6, the early Eocene.

Benthic Foraminifers

Hole 688A4

Benthic foraminifers are common to abundant and well to
moderately well preserved in Sections 112-688A-1H, CC through
112-688A-13X, CC (8.3-122.2 mbsf). In lower levels of this hole,
these are generally few or rare and moderately well to poorly
preserved, except for Sections 112-688A-19X, CC (176.7 mbsf)
and 112-688A-27X, CC through 112-688A-30X, CC (253.5-275.6
mbsf), where these are common and moderately well preserved.
Sections 112-688A-26X, CC (236.9 mbsf), 112-688A-31X, CC
(284.6 mbsf), and 112-688A-35X, CC through 112-688A-37X,
CC (331.3-343.5 mbsf) are barren of benthic foraminifers.

One assemblage, dominated by Uvigerina senticosa and in-
dicative of the lower-bathyal environment in which the hole was
drilled (water depth of 3828 m), occurs throughout the cored
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section, except in the barren intervals and in Section 112-688A-
13X, CC (122.2 mbsf), which is size-sorted. This sorted section
contains only small species and those with small juvenile stages
(Bolivina costata, Bulimina exilis tenuata juv., Epistominella
levicula, Cassidulina depressa, and Stainforthia complanata juv.).
About one-half of the species were transported from the shelf
and slope. This sample marks approximately the base of the up-
per part of the cored section in which benthic foraminifers are
most abundant. Iron monosulfides and abundant pyrite, which
are noticeable in the cores from Section 112-688A-9X, CC (84.2
mbsf) downward, do not immediately affect the abundance or
preservation of the foraminifer tests but may have some effect
below the size-sorted sample, where etched and pyrite-infilled
tests are common.

The Uvigerina senticosa Assemblage, previously sampled at
Sites 682 and 683, generally has common to abundant Melonis
pompilioides, M. affinis, Oridorsalis umbonatus, and Pullenia
bulloides. In Sections 112-688A-3X, CC (27.6 mbsf) and 112-
688A-5X, CC (46.4 mbsf), Astrononion schwageri and Hoeg-
lundina elegans also are abundant. The significance of the vari-
ability in the lower-bathyal assemblage is not known at this
time, but eventually may be linked to variation in environment;
planktonic foraminifers indicate warm surface waters coincident
with these assemblages.

Transported tests (mostly Bolivina costata from the outer-
shelf/upper-bathyal environment) occur throughout the cored
section. Their greatest frequency occurs in Sections 112-688A-
2X, CC (17.9 mbsf), 112-688A-6X, CC (56.2 mbsf), and 112-
688A-29X, CC (274.2 mbsf), where about 50% of the tests are
transported.

Hole 688E

The benthic foraminifers recovered in this hole reflect a gen-
eral subsidence of the seafloor through time, from shelf and
mid- to upper-bathyal environments of the Eocene to the lower-
bathyal environment revealed in the Pliocene through Quater-
nary sequence of Hole 688A. Barren intervals and hiatuses pre-
vented us from determining a subsidence curve.

The late Miocene part of this hole, including Sections 112-
688E-1R, CC through 112-688E-11R, CC (353-441 mbsf) is bar-
ren of benthic foraminifers, presumably due to diagenetic de-
struction of the tests. In the middle Miocene part of the cored
section, benthic foraminifers occur in Sections 112-688E-12R,
CC through 112-688E-16R, CC (453.4-488.5 mbsf), where they
are few to rare and poorly preserved, except for Section 112-
688E-15R, CC (482 mbsf), where they are common, moderately
well preserved, and indicative of an upper-middle bathyal envi-
ronment (~ 500-1500 m). In an assemblage in Section 112-688E-
15R, CC, Bulimina alligata and Stilostomella spp. are abundant
and Melonis affinis, Nodosaria longiscata, and Eilohedra levi-
cula are common. Uvigerina mantaensis and Gyroidina altifor-
mis occur in Section 112-688E-16R, CC (488.5 mbsf). Bolivina
cf. vaughani occurs rarely in Section 112-688E-14R, CC (474
mbsf) and was probably transported from the shelf. This species
also occurs rarely in middle Miocene bathyal assemblages at Site
683 and in late Miocene bathyal assemblages at Site 685. In each
case, the downslope transportation of tests was much less in the
Miocene part of the sections than in Pliocene-Quaternary strata.
Sections 112-688E-17R, CC through 112-688E-20R, CC (498-
528.4 mbsf) in the lower part of the middle Miocene sequence
are barren of foraminifers.

The early Miocene part of the cored sequence is barren of
benthic foraminifers. The sequence contains rare, poorly pre-
served specimens in Sections 112-688E-21R, CC (536 mbsf) and
112-688E-24R, CC through 112-688E-26R, CC (567.5-584.7
mbsf) in an assemblage marked by the occurrence of Uvigerina
gallowayi, similar to Sites 682 and 683. Gyroidina altiformis



and Uvigerina mantaensis as well as Oridorsalis umbonatus are
the most abundant species in this assemblage, which indicates
an upper-middle bathyal environment.

In the middle Eocene interval from Sections 112-688E-27R,
CC through 112-688E-35R, CC (595.7-670.5 mbsf), foramini-
fers are rare and poorly preserved or the samples are barren of
foraminifers, except for Section 112-688E-34R, CC (661.9 mbsf),
where they are few to common and moderately well to poorly
preserved. The foraminifer assemblage of this sample, which is
a dolomitized mudstone, contains Uvigerina mantaensis, Plec-
tofrondicularia vaughani, P. cf. packardi multilineata, Anoma-
lina chirana, Guttulina irregularis, Nodosaria longiscata, and
Oridorsalis umbonatus, which indicates an upper-middle bathyal
to upper-bathyal environment. The coarse sandstones character-
izing the low-yield benthic foraminifers of the middle Eocene
interval appear to have been deposited on the shelf, but the few
foraminifers contained in these sandstones are not indicative of
shelf conditions. All these middle Eocene species were reported
in the Chira Shale (Cushman and Stone, 1947).

The lower Eocene interval from Sections 112-688E-36R, CC
through 112-688E-42R, CC (683.6-737.5 mbsf) and Section 112-
688E-45R, CC (767.8 mbsf) is sandy and contains rare, poorly
preserved, shelf-dwelling species. Among them are Hanzawaia
sp., Buliminella peruviana (the Eocene counterpart of Bulimi-
nella elegantissima), Spiroplectammina gryzbowskii, and Cy-
clammina spp. A middle-bathyal assemblage occurs in Section
112-688E-43R, CC (750.5 mbsf). Foraminifers are few to com-
mon and moderately well preserved, including Cibicidoides
grimsdalei, C. perlucidus, C. martinezensis, Anomalina venezue-
lana, Oridorsalis umbonatus, and Cassidulina globosa. Section
112-688E-44R, CC (757 mbsf) contains abundant, moderately
well preserved benthic foraminifers in which the association of
Bulimina jacksonensis, Cassidulina globosa, Valvulineria spp.,
and Buliminella chirana suggests an upper-bathyal (150-500 m)
environment.

Biogenic Groups in Coarse-Fraction Analysis

The semiquantitative distribution of percentages of the bio-
genic groups recorded in the coarse fraction is shown in Figure
35. Note that radiolarians are the dominant group throughout
Hole 688A, reaching up to 100% of the population in Sections
112-688A-15X, CC (141.1 mbsf) and 112-688A-16X, CC (152.7
mbsf). In these samples, sediments exhibit the character of a si-
liceous ooze.

Benthic foraminifers vary from 10% to 20% between Sec-
tions 112-688A-1H, CC and 112-688A-13, CC (8.3 to 122.1
mbsf). Below Section 112-688A-18X, CC (161.8 mbsf), the rela-
tive percentage of the benthic foraminifers is no higher than
10%.

Planktonic foraminifers range from 5% to 30% between Sec-
tions 112-688A-1H, CC and 112-688A-13X, CC (8.3-122.1
mbsf). Below this interval, the only significant occurrences were
observed in Sections 112-688A-19X, CC (176.7 mbf) and 112-
688A-28X, CC (257.2 mbsf).

The diatoms in Hole 688A appear to be scarce but are con-
tinuously present from Sections 112-688A-3H, CC to 112-688A-
13X, CC (27.5-122.1 mbsf). Below this interval, diatoms occur
sporadically in the coarse fraction.

Correlation with the Onshore Basins

The stratigraphic interval cored between Sections 112-688E-
38R, CC and 112-688E-44R, CC was referred to the upper Eo-
cene Chira-Verdun sequence of the Talara and Sechura basins on
the basis of the occurrence of the benthic foraminifers Cyclam-
mina simiensis, Bathysiphon eocenicus, Valvulineria duboisi, Bu-
limina debilis, Anomalina chirana, Uvigerina chirana, and Cy-

SITE 688

T T T I T T
=V
3

4

5

6

7

8

9

10

11

12

13

slLjml=Ojw]| o|d|o

ol e ] wolealwale lealmal ralralrg
~J|;mjn

] | ] | 1 | ] | 1
20 40 60 80 100
Biogenic groups (%)

[=]

Planktonic

g Benthic .
foraminifers foraminifers m Diatoms

Sponge spicules
[ radiolerians XY ehinoid spines
fish remains

Figure 35. Biogenic groups in the coarse fraction of Hole 688A.

clammina deformis. The planktonic foraminifers assigned to Glo-
borotalia cf. increbescens range from Eocene to early Oligocene
in age.

Section 112-688E-44R, CC (760 mbsf) contains the plank-
tonic forms Globorotalia bolivariana and Clavigerinella akersi,
which are considered indicative species of the middle Eocene in
the coastal basins of Peru. The benthic foraminifer assemblage
in this section consists of Tritaxilina pupa, Vulvulina nummu-
lina, Marginulina mexicana, Discorbis berryii, Bulimina brachy-
costata, and Rotalia constans. These faunas indicate the Talara
Shale Formation in the Talara Basin.

Section 112-688E-45R, CC (767.8 mbsf) contains mostly are-
naceous foraminifers of relatively nondiagnostic significance;
however, a few chambers of Clavigerinella colombiana were ob-
served, and on this basis the sample was assigned a middle Eo-
cene age, in accordance with today’s stratigraphic standards of
the Peruvian coastal basins.

A chert pebble encountered in Sample 112-688E-45R-1, 1-4
cm (765 mbsf) was examined micropaleontologically; it con-
tained biserial planktonic foraminifer indicative of the Cenoma-
nian similar to forms of the genus Heterohelix and Globigeri-
nelloides. These faunas were reported from the Albian-Ceno-
manian cherts and limestones of the El Muerto and Pariatambo
formations of the Central Andes and the Talara Basin.
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SITE 688

ORGANIC GEOCHEMISTRY

Holes 688A and 688E were drilled in lower-slope deposits of
the Peru Outer Continental Margin at a water depth of about
3820 m. This water depth is similar to that at Site 682 (3800 m).
Site 688 is the fourth site located in waters deeper than 3000 m,
well within the pressure-temperature field in which gas hydrates
are stable. The same organic geochemical approaches were taken
here as at previous deep-water sites. Details of methods and pro-
cedures are found in “Organic Geochemistry” sections, Site 679
and 682 chapters. Instruments are described in the “Explana-
tory Notes” (this volume).

Hydrocarbon Gases

Vacutainer Gases

Starting with Core 112-688A-4H (31.8 mbsf), gas pockets
were sampled to the bottom of Holes 688A-688E. Almost every
core contained enough gas to be sampled using the vacutainer
technique. This provided a complete record of the composition
of hydrocarbon gases to a depth of 769 mbsf (Table 5). Carbon
concentrations were variable and ranged from 0.77% (obviously
contaminated with air) to 99.2%. Carbon dioxide was a compo-
nent of the balance gas; CO, was measured in about one-half of
the samples. Concentrations of this gas ranged from 0.05% to
42.4%. As at previous deep-water sites, the shallow occurrence
of large amounts of C, results from the rapid depletion of sul-
fate (see “Inorganic Geochemistry” section, this chapter) that
allows microbial methanogenesis to proceed without being inhib-
ited by microbial sulfate reducers (Claypool and Kaplan, 1974).

Besides C,; and CO,, the gases collected by vacutainers also
contained C, and C;, both of which generally increase in con-
centration with increasing depth. The amount of C, ranged from
from 5.6 to 3500 ppm, and the amount of C; from 1.7 to 2100
ppm. The highest concentrations were found in the deeper sedi-
ments of Hole 688E.

C,/C, ratios decrease exponentially with depth overall (Table
5 and Fig. 36), although some distinct breaks in the record rep-
resent changes in the gas composition of different geologic units.
For example, the high ratios in the upper part of the section rep-
resent gas composition in the Quaternary. These high values
give way to lower values below about 340 mbsf that correspond
to the boundary between lithologic Units I and II. The abrupt
change in ratios between 584 and 641 mbsf corresponds to a tec-
tonic melange (see “Lithostratigraphy” section, this chapter),
and the high ratios between 600 and 700 mbsf represent the
anomalous compositions of gas in a major sandstone unit. Be-
cause of its anomalous composition, we believe that this gas
may have migrated into the sandstone.

Extracted Gases

Hydrocarbon gases were extracted using the headspace and
can procedures on sediment samples collected from both Holes
688A and 688E. Results are shown in Table 6. High concentra-
tions of C, are already present at 14.3 mbsf (53,000 uL/L), and
high values continue to the bottom of Hole 688E. The zone of
sulfate reduction at this site is very thin, which allows microbial
generation of abundant C, to occur near the surface (see “Inor-
ganic Geochemistry” section, this chapter). Figure 37 shows the
profile with depth of C, concentrations for both Holes 688A
and 688E. Results of both the can and headspace procedures in-
dicate the same general trends, but the amount of C, recovered
using the can procedure is lower. C, concentrations reach a max-
imum value of 120,000 xL/L at 33.3 mbsf and then decrease
slightly through the remainder of the Quaternary section. In the
older sediments to the bottom of Hole 688E, the concentrations

Table 5. Vacutainer gases at Site 688.

Core-section Depth C Co, Cy Cy

interval (cm) (mbsf) (%) (%) (ppm)  (ppm) C/Cy
112-688A-4H-4, 2 31.8 87.0 9.5 92,000
5H-6, 148 45.8 87.8 Ty 12 5.6 72,000
6H-3, 90 50.2 67.8 8.7 78,000
7H-5, 90 62.7 853 9.9 12 57 71,000
9X-2, 1 76.3  62.7 8.8 10 3.4 61,000
10X-1, 114 85.4 58.5 24.0 9.0 8.5 65,000
11X-8, 97 103.0 84.2 9.4 4.6 90,000
12X-1, 32 103.6  53.1 16.2 7.9 8.5 67,000
13X-4, 90 118.2 833 16 51,000
14X-4, 104 1278 64.2 12 5.4 54,000
15X-6, 44 139.7 81.8 3.7 17 48,000
16X-7, 15 150.4 63.8 17 38,000
17X-5, 12 156.9  56.0 15.8 8.2 3.6 68,000
18X-1, 106 161.4 64.6 12 53,000
19X-3, 79 173.6  46.1 28.8 6.5 4.2 71,000
21X-2, 105 1914 B80.4 17.6 15 1.7 53,000
23X-1, 36 208.2 509 323 6.1 3.8 83,000
25X-2, 35 228.7 56.7 42.4 13 12 42,000
27X-5,105 2529 42.1 41.7 15 10 29,000
28X-1, 76 256.1  55.0 13 8.0 41,000
29X-5, 65 271.5 66.7 12.9 15 7.1 45,000
30X-2, 45 274.8 17.2 16 14 11,000
32X-6, 112 301.9 829 11.6 28 9.0 30,000
33X-4, 86 308.2 257 38 19 6,800
35X-3, 46 3253 69.8 15.5 200 17 3,600
36X-7, 42 340.7  25.1 16.1 69 22 3,600
112-688E-4R-3, 30 3778 599 17.3 380 250 1,600
5R-6, 90 3924 56.4 27.3 620 450 910
6R-2, 135 396.4 0.77 5.6 1,400
7R-2, 104 405.5 0.97 17 43 567
8R-4, 140 4184 269 16.3 240 53 1,100
9R-6, 1 429.5 18.8 140 23 1,300
10R-4, 109 437.1 68.3 19.9 750 100 910
14R-3, 15 472.7 11.5 1.6 160 730
15R-2, 10 480.6 71.0 1100 42 670
16R-1, 90 489.4 223 6.8 480 20 460
19R-1, 144 518.4 69.7 1100 23 650
20R-1, 34 526.8 49.7 7.9 980 22 510
23R-3, 126 559.3 79.2 2000 43 400
24R-2, 121 567.2 71.3 3.6 1200 18 620
25R-2, 110 576.6 19.2 410 470
26R-1, 25 583.8 344 2.6 650 530
32R-1, 78 641.3 13.0 9.7 13,000
35R-1, 40 669.4  67.7 0.2 210 3,300
36R-2, 140  681.4  95.5 1700 55 550
37R-2, 100 690.5  56.4 0.07 1200 44 460
38R-1, 132 698.8 89.5 0.13 3100 210 290
41R-1, 82 726.8 227 0.05 490 41 470
43R-4, 34 749.8 99.2 1800 412 550
44R-2, 15 756.2 849 1900 520 440
45R-2, 128 766.8 85.9 3500 2100 250

Units of (") and (ppm) are in volume of gas component per volume of gas mix-
ture. Hydrocarbon gases were analyzed using the Hach-Carle Gas Chro-
matograph; CO; was analyzed with the Hewlett-Packard Gas Chromato-

graph.

of C, appear to increase. The low C, concentration measured at
436 mbsf may reflect a real decrease in the amount of C, present
at this stratigraphic level because the results from the can proce-
dure also show a minimum at a nearby depth of 452 mbsf.

C, and C; were not detected in Quaternary samples analyzed
by the headspace procedure and were found in very low amounts
(1.4 to 4.2 uL/L for C, and 7.0 to 8.9 uL/L for C,) using the
can procedure (Table 6). Between 307.3 and 340.3 mbsf, concen-
trations of these compounds increase abruptly and tend to con-
tinue to increase with depth. C, concentrations, as measured by
the headspace procedure, range from 20 to 2900 pL/L and those
of C, from 23 to 1600 pL/L in the pre-Quaternary sediments.
For some unknown reason, C,., was detected in only a few sam-
ples. This result is contrary to what was observed at previous
sites (see “Organic Geochemistry™ section, Site 683 and 685
chapters).
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Table 6. Extracted gases at Site 688.

Depth e Cs c

Core/section 3
(mbsf)  (uL/L) (uL/L) (uL/L) C,/C,

interval {cm)

Headspace gases

200 — 112-688A-2H-5, 0-1 143 53,000
4H-5, 0-1 33.3 120,000
9X-6, 0-1 82.3 8,100
10X-3, 0-1 87.3 20,000
12X-1, 139-140  104.7 24,000
B = 14X-4, 0-1 1268 22,000
o 15X-3, 149-150 1363 28,000
2 16X-5, 0-1 147.3 15,000
2 _J 18X-1, 149-150 1618 9,900
= 400 — 20X-1, 53-54 179.8 8,200
£ 21X-3, 107-108 1929 22,000
@ 25X-2, 0-1 228.3 6,500
o 27X-5, 0-1 251.8 13,000
[ N 30X-1, 114-115  275.5 19,000
33X-4, 0-1 307.3 20,000
36X-7, 0-1 3403 21,000 25 38 835
Canned gases
600 — —
112-688A-1H-4, 140-145 6.0 230 1.4 170
3H-4, 140-145 238 94,000 1.7 55,000
6H-3, 140-145 50.8 24,000 1.4 17,000
® 5 9X-5, 135-140 822 28,000 4.1 8.9 6,800
® 688A 16X-4, 135-140  147.2 11,000 1.9 5,800
& 688E 25X-1, 135-140  228.2 6,200 4.2 7.0 1,500
33X-3, 135-140  307.2 5,300 3.5 7.5 1,500
800 l —L Headspace gases
100 1000 10,000 100,000
Methane/ethane ratio 112-688E-1R-2, 0-1 3515 49,000 160 700 300
3R-4, 134-135  370.9 29,000 140 360 210
Figure 36. Methane/ethane ratios in gas collected by means of vacu- 6R-3,/0-1 395 G000 M0 2% m
tainers from Holes 688A and 68SE. et 01 s B0 B X
10R-4, 0-1 436.0 2,200 21 110
12R-2, 0-1 4520 43,000 410 150 110
13R, CC, 0-1 469.0 220,000 1600 400 130
Gas Hydrates 14R3, 0-1 472.5 270,000 800 160 340
Gas hydrates were recovered from Core 112-688A-15X-7 (141 it or il . e
mPsf). Figure _38 shows thal.the gas hydrate is closely mixed 24R-2, 0-1 556.5 150,000 1100 42 140
with dark grayish-black fine silt and clay. Two samples, called A 26R-1, 116-117  584.7 400,000 2700 93 150
and B, were confined in pressure vessels described by Kvenvol- 27R-2, 0-1 5945 270,000 1100 2 250
den et al. (1984). After photography, a third sample, called C, el B e h o
was placed in a beaker where the gas hydrate dissociated. A 34R-2, 0-1 661.0 290,000 110 2,700
fourth sample was placed in a special container for long-term 36R-3, 0-1 681.5 39,000 1100 220 37
storage (Sloan, 1985); however, the seals may have failed be- M T B . o B o
cause there was no pressure incgease .during the initial storage at 39R-3, 0-1 7100 60,000 2900 1300 21
—20°C. The information obtained is as follows: 41R-2, 0-1 7275 65,000 650 240 100
43R-4, 0-1 749.5 300,000 2300 1600 130
Samp!e_z_q . . Canned gases
Equilibrium pressure at 25.4 °C = 85 psig
Total volume of gas = 160 cm? (STP) 112-688E-3R-4, 135-140 370.9 10,000 50 180 210
N 3 12R-1, 135-140 4519 4,700 47 15 100
Total volume of C, = 147 cm’ (STP) I9R-3, 135-140  521.4  23.000 170 16 140
Total volume of H,O = 11.3 mL 30R-1, 135-140  622.9 37,000 1 3,700
38R-1, 145-150  699.0 31,000 690 180 45

Ratio C,/H,0O by volume = 13

Weight of sediment = 2.5 g

Sediment associated with gas hydrate = 18%

Geochemistry: salinity = 7.8 g/kg;
chlorinity = 90.60 mmol/L;
sulfate = 0 mmol/L;
phosphate = 173.82 umol/L;
ammonia = 12.34 umol/L;
silica = 444 umol/L;

C, = 91.5%;
C, = 22 ppm;
C,/C, = 42,000.

Sample B (all gas transferred to a stainless steel cylinder)
Equilibrium pressure at 25.1°C = 95 psig
Total volume of gas = 176 cm?® (STP)

Units are in microliters (L) of gas component per liter (L) of wet sediment. All
measurements were performed on the Hach-Carle Gas Chromatograph.

Composition of gas = assumed to be the same as Sample A

Total volume of C, = 162 cm? (STP)

Total volume of H,O = 6.2 mL

Ratio C,/H,0 by volume = 26

Weight of sediment = 3.1 g

Sediment associated with gas hydrate = 67%

Inorganic geochemistry: salinity = 20.0 g/kg;
chlorinity = 232.27 mmol/L;
sulfate = 0 mmol/L;
phosphate = 111.88 umol/L;
ammonia = 34.48 pmol/L;
silica = 635 pmol/L.
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Figure 37. Comparison of extracted methane concentrations with depth
as obtained by the headspace and can procedures for Holes 688A and
688E.

Sample C (gas hydrate decomposed in open beaker; a major
part of the water was retained for isotopic determi-
nations)

Inorganic geochemistry: salinity

= 11.8 g/kg;
chlorinity =

136.62 mmol/L.

The waters of the gas-hydrate samples from Site 688 appar-
ently were contaminated with seawater, as indicated by salinity
and chlorinity as well as other pore-water parameters (see “Or-
ganic Geochemistry” section, this chapter). The volume of C,
released was only 13 and 26 times the volume of water that com-
posed the gas hydrate; at Site 685 about 100 volumes of gas were
released per volume of water. The results indicate that the gas
hydrates at Site 688 underwent significant decomposition before
our measurements were conducted.

A bottom-simulating reflector (BSR) was observed in seismic
records about 2.5 km seaward of Site 688. This reflector, which
occurs at 0.55 s (two-way traveltime) or about 500 mbsf, is in-
ferred to correspond to the base of the zone of gas hydrates. Us-
ing Shipley et al.’s method (1979) and an assumed bottom-water
temperature of 1.7°C, we estimated that the temperature at the
base of the gas-hydrated zone was 25.4°C and that the geother-
mal gradient at this site was about 47°C/km. This geothermal
gradient is within the range of those estimated for the other
deep-water sites (43° to 57°C/km). Thus, the average geother-
mal gradient for deep-water, continental-slope sediments of the
Peru Continental Margin is 49° + 6°C/km, as estimated from
the occurrences of gas hydrates.

Carbon

Total-carbon, carbonate-carbon, and organic-carbon values
were determined for 13 sediment samples from Hole 688A and
12 sediment samples from Hole 688E, which are the “squeeze
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Figure 38. Photograph of a sample of gas hydrate from Core 112-688A-
15X-7 (141 mbsf).

cakes” from pore-water geochemistry studies (Table 7 and Fig.
39). Organic-carbon contents of sediments generally decrease at
this site below about 200 mbsf. Within the major sandstone unit
(between 600 and 700 mbsf), the organic-carbon values are as
low as 0% at 651 mbsf. Toward the bottom of Hole 688E, or-
ganic-carbon values increase, as do the amounts of C,, C,, and
CJ‘

Rock-Eval pyrolysis results are given in Table 8 and Figure
40. The results show that sediments from Hole 688A are or-
ganic-rich (TOC ranges from 1.99% to 7.97%). Below about
556 mbsf in Hole 688E, the sediments are organic-poor, except
for the deepest sample, with TOC values ranging from 0.01% to
0.71%. In all cases, the organic matter is immature; that is,
T, Values are all less than 430°C. In general, all of the Rock-
Eval parameters decrease with depth. Most values associated
with Sample 112-688E-33R-1, 140-150 cm, should be discarded
because S, = 0 and TOC = 0.01. The diagram of the hydrogen
and oxygen indices (HI and OI, respectively; Fig. 41) shows
wide scatter between organic matter of type II and II1. Much of
this organic matter is probably of marine origin and immature,
which is reflected by the relatively high oxygen content.



Table 7. Organic carbon and carbonate carbon at Site 688,

Core- Total Inorganic  Organic
section Depth  carbon carbon carbon TOC
interval (cm) (mbsf) (%) (%) (%) (%)
112-688A-1H-4, 145-150 6.0 3.33 0.12 3.21 2.71
3H-4, 145-150 23.8 4.72 2.11 2.61 2.54
6H-3, 145-150 50.8 3.19 1.05 2.14 1.99
9X-5, 140-150 82.2 5.92 1.03 4.89 4.73
12X-1, 140-150  104.7 4.96 0.94 4.02 3.74
16X-4, 140-150  147.2 5.04 0.27 4.77 313
19X-3, 140-150 174.2 4.31 0.64 3.67 3.4
21X-3, 108-118 192.9 4.13 0.33 3.80 3.41
25X-1, 140-150  228.2 B.98 0.29 8.69 7.97
27X-4, 140-150  251.7 4.91 0.17 4.74 2.71
30X-1, 115-125 275.5 5.82 0.21 5.61 5.16
33X-3, 140-150  307.2 5.61 0.64 4.97 4.46
36X-6, 140-150  339.9 4.12 0.11 4.01 372
112-688E-3R-4, 140-153 370.9 4.34 0.15 4.19 3.02
6R-4, 140-150 399.4 2.62 0.32 2.30 2.03
9R-5, 140-150 429.4 2.55 0.20 2.35 1.72
12R-1, 140-150 451.9 4.39 0.47 3.92 3.41
19R-3, 140-150 521.2 2.45 0.57 1.88 1.63
23R-1, 140-150 556.4 3.09 2,23 0.86 1.04
27R-1, 140-150 594.4 0.60 0.21 0.39 0.28
30R-1, 140-150 622.9 0.63 0.38 0.25 0.20
33R-1, 140-150 651.4 1.21 1.23 0.00 0.01
35R-1, 140-150 670.4 1.10 0.45 0.65 0.53
37R-1, 140-150 689.4 1.39 0.56 0.83 0.71
43R4, 87-97 750.4 1.88 0.53 1.35 1.27

TOC = total organic carbon from Rock-Eval pyrolysis.
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Figure 39. Comparison of organic carbon (OC) and total organic car-
bon (TOC) from Rock-Eval pyrolysis with depth at Holes 688A and
688E.

Examination of Core 112-688E-39R

When Core 112-688E-39R was sawed, we noticed that the
dark gray siltstone contained a few zones having numerous black
carbonaceous particles that resembled carbonized-wood frag-

SITE 688

ments. These fragments were concentrated at bedding surfaces,
especially in small pockets that might correspond to shallow de-
positional hollows. Under ultraviolet light, a few bright spots of
fluorescence were seen. These corresponded to millimeter-sized
white objects, possibly foraminifers. A small part of this sedi-
ment-filled depression in Sample 112-688E-39R-1, 130-131 cm,
was transferred to an evaporating dish, and methylene chloride
was added. The white objects and their fluorescence dispersed
in the solvent. Under the microscope, the numerous black parti-
cles appeared as brownish-red amorphous fragments that were
not clearly of woody or terrestrial origin.

Three samples were taken and extracted with methylene chlo-
ride, evaporated, and transferred to a small volume of hexane.
Part of each sample was analyzed by gas chromatography. The
first two samples (about 200 mg each, TOC = 3.53% and
2.15%) came from the sawed surface of the depression and
from immediately beneath this depression. Both gave similar
gas chromatographic traces (Fig. 42) and exhibited a range of
n-alkanes from about C,, to C,, as a smooth distribution max-
imizing at about C,o, with prominent peaks at the retention
times of pristane and phytane. The quantity of n-C, for exam-
ple, is estimated to be about 500 ug/g of sediment. The n-al-
kanes are accompanied by an unresolved complex mixture. The
overall gas chromatographic pattern resembles a partially weath-
ered marine bitumen, for which the most likely origin was syn-
depositional with the fossils and presumed woody fragments.
This interpretation was supported by the gas-chromatographic
data for the third sample (30 cm higher in the core) at another
bedding surface. This sample was a light gray siltstone that was
representative of the general lithology of the section and that
displayed few black fragments (TOC = 0.87%). The gas-chro-
matographic trace showed a very small amount of hydrocarbons
(individual n-alkanes less than 5 pg/g).

INORGANIC GEOCHEMISTRY

Introduction and Operation

At Site 688, on the lower slope of the Peru Trench, cores were
recovered from three holes: Holes 688A, 688C (only one core),
and 688E. We analyzed 11 whole-round, squeezed sediment sam-
ples (three of 5 cm and nine of 10 cm) and two in-situ, intersti-
tial-water samples from Hole 688A; seven whole-round (10 cm),
squeezed sediment samples were analyzed in Hole 688E. Five
additional whole-round sediment samples were analyzed from
Cores 112-688E-30R, 112-688E-33R, 112-688E-35R, 112-688E-
37R, and 112-688E-43R. These samples were also squeezed at
40,000 psi for >2 hours each, but unfortunately yielded no in-
terstitial waters. Therefore, the chemical data only span the first
600 m of the section drilled at Site 688. The chemical data are
summarized in Tables 9 and 10. For procedures to prepare sam-
ples of indurated sediment fragments, see “Inorganic Geochem-
istry” section, Site 685 chapter (this volume).

In Table 10, the data obtained from neighboring interstitial
waters in squeezed sediments are compared with the in-situ sam-
ple data. The in-situ samples have 0% sulfate concentrations,
which indicates no contamination by drill-hole water.

The in-situ samples have higher salinity, chloride, Ca**,
Mg?*, and lower phosphate concentrations than the neighbor-
ing samples. This is the fourth Leg 112 site where most of the
cored sediment section lies within the stability field of marine
gas-hydrates (Kvenvolden and McMenamin, 1980). Disseminated
gas hydrates “dilute” the interstitial waters already at about
30 m below the sediment/water interface at this site, as can be
seen from methane data and chloride profiles (Fig. 43).

Similar to the other three gas-hydrate sites (Sites 682, 683,
and 685), systematic chemical variations with pronounced min-
ima and maxima were observed downhole and are shown in Fig-
ures 43 through 50. The most significant trends in the chemical
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Table 8. Summary of Rock-Eval pyrolysis data for Holes 688A and 688E.

Core/section Depth  Weight TOC
interval (cm) (mbsf) (mg) s S, S Sy PI S,/83 PC (%) HI 01
112-688A-1H-4, 145-150 5.95 99.9 424 1.09 8.15 300 012 271 077 271 300 110
4H-4, 145-150 23.75 99.6 422 1.00 696 341 013 2.04 0.66 2.54 274 134
6H-3, 145-150 50.75 103.0 424 0.68 507 258 0.12 1.96 047 199 254 129
9X-5, 140-150 82.20 100.4 418 2.16 1637 394 0.12 4.15 1.54 473 346 83
12X-1, 140-150  104.70 101.1 422 1.53 12.50 3.89 0.11 3.21 1.16 3.74 334 104
16X-4, 140-150  147.20 101.6 425 1.54 1532 501 0.09 3.05 1.40 3.13 489 160
19X-3, 140-150  174.20 101.2 424 0.8 1035 351 0.08 294 093 324 319 108
21X-3, 108-118  192.88 100.3 417 1.05 9.86 333 0.0 29 090 341 289 97
25X-1, 140-150  228.20 100.1 417 3.69 35.16 579 0.10 6.07 3.23 7.97 441 72
27X-4, 140-150  251.70 100.7 413 1.36 16.66 3.27 0.08 509 1.50 271 614 120
30X-1, 115-125 27545 98.9 419 1.67 19.52 3.86 0.08 5.05 1.76 5.16 378 74
33X-3, 140-150  307.20 100.2 418 1.28 1644 485 0.07 3.38 1.47 446 368 108
36X-6, 140-150  339.90 102.8 427 1.15 15.81 2.78 0.07 5.68 1.41 372 425 74
112-688BE-3R-4, 140-153 370.90 83.4 391 2.42 18.88 3.21 0.11 5.88 1.77 3.02 625 106
6R-4, 140-150 399.40 74.4 397  0.96 9.07 1.0 010 477 0.83 203 446 93
9R-5, 140-150 429.40 97.6 400 1.18 9.12 1.65 0.11 552 085 1.72 530 95
12R-1, 140-150  451.90 90.0 401 1.84 16.96 3.55 0.10 4.77 1.56 341 497 104
19R-3, 140-150 521.20 98.0 417 0.36 6.90 1.37 0.05 5.03 0.60 1.63 423 84
23R-1, 140-150  556.40 101.0 413 0.21 211 169 0.09 .24 0.19  1.04 202 162
27R-1, 140-150  594.40 99.0 412 0.05 048 053 0.0 09 004 028 171 189
30R-1, 140-150 622.90 101.5 409 0.05 023 0.66 0.18 0.34 0.02 020 115 330
33R-1, 140-150  651.40 100.6 246  0.02 0.00 0.18 1,00 000 000 001 0 1800
35R-1, 140-150 670.40 97.9 417 0.08 075 043 0.10 1.74 0.06 0.53 141 81
37R-1, 140-150  689.40 103.8 423 0.04 1.49 073 003 204 0.2 071 209 102
43R-4, 87-97 750.37 99.8 418 0.12 3.87 087 003 444 033 127 304 68

Note: Rock-Eval parameters are defined in “Inorganic Geochemistry” section, Site 679 chapter.
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Figure 40. Comparison of Rock-Eval parameters Ty, S;, S3, S3, TOC, HI, and OI in sediments at Site 688.

concentration profiles are downhole decreases in Cl—, rapid de-
pletion of SO3~, as well as increases with subsequent decreases
in salinity, alkalinity, Mg?*, NH;, phosphate, and silica. Cal-
cium first decreases and then increases strongly downhole. The
profiles in the allochthonous sediment sequence, to approxi-
mately 370 mbsf, the depth of the Miocene/Pliocene hiatus (see
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“Biostratigraphy” section, this chapter), are similar to those ob-
served at the other deep-water tectonic sitzs cored during Leg
112. Except for dilution by dissociation of gas hydrates, which
is more pronounced at Site 683, all the other chemical gradients
are significantly more extreme at Site 688, compared with Sites
682, 683, and 685.
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Figure 41. Hydrogen and oxygen indices (HI and OI) obtained from
Rock-Eval pyrolysis of sediments from Site 688 and plotted on a van
Krevelen-type diagram.

Below ~370 m, the concentrations and gradients are distinct
from those above. This is obvious, especially with the C1-, Ca?*,
Mg2+/Ca?*, and silica concentration profiles shown in Figures
43, and 47 through 49, respectively.

The following sharp changes or reversals in chemical gradi-
ents occur at ~370 mbsf. This depth still remains in the sta-
bility field of marine gas hydrates, but is close to the lower
boundary of the stability field (at about 500 mbsf at this site;
Kvenvolden and McMenamin, 1980; and “Organic Geochemis-
try” section, this chapter). Cl~ shows a distinct freshening spike
and concentrations remain generally low (below 500 mmol/L).
Ca?* concentrations increase sharply, and Mg?* concentrations
decrease sharply with depth. The slope of Ca?* vs. Mg?* con-
centrations is — 1. Initially, silica increases, but then abruptly
decreases at about 550 mbsf. Methane concentrations also indi-
cate a distinct spike at this depth interval (see “Organic Geo-
chemistry” section, this chapter). The freshening spike most
probably indicates dilution with fresher water that originates
from either dewatering of an accretionary complex at greater
depth (Hanshaw and Coplen, 1973; Marine and Fritz, 1981) or
dehydration of clay minerals and/or opal-A. Another possibil-
ity is that decomposing gas hydrates below the stability field
produce freshwater. Inversely, strong Ca?* and Mg?* concen-
tration gradients reflect chemical reactions with volcanogenic
matter and/or with basement. The waters from below seem to
be flowing out from within this zone, where the sediments are
considerably more silty and sandy than those above (see “Litho-
stratigraphy” section, this chapter). The sediment section below
~ 370 m thus acts as a dewatering conduit at this lower slope of
the Peru Trench section.

The previous record of 156.4 mmol/L in alkalinity, observed
at Site 685, was short-lived. A new record alkalinity value of
265.7 mmol/L was determined at this site. A record ammonia

SITE 688

concentration of 63.02 mmol/L has never been observed before
in the history of scientific ocean drilling. Phosphate concentra-
tions are also extremely high and reach 746.8 pmol/L. Similar
high phosphate values were observed at Site 685.

Chloride and Salinity

The main cause of the progressive freshening with depth that
we observed in Figure 43 (and also at all other gas-hydrate sites)
is discussed in the “Inorganic Geochemistry” sections of the
Site 682 and 683 chapters (Figs. 43 and 44; Tables 9 and 10).
The Cl- concentrations in the first 30 m of the section are
about 3 to 4 mmol/L higher than the average seawater concen-
tration. This probably reflects the expected chloride maximum
immediately above the stability field of marine gas hydrates.

Two pristine in-sifu interstitial-water samples were obtained
at Site 688. These samples have higher Cl1~ and salinity values
than waters from adjacent squeezed sediment samples, which
indicates less dilution by decomposing gas-hydrates, as expected
(Table 11).

The salinity profile in the allochthonous sediment pile at this
site is primarily controlled by the extreme alkalinity values that
were observed. The correspondence between the salinity and al-
kalinity profiles between a depth of 6 and ~370 m is remark-
able (Fig. 44). At greater depths, where alkalinity values de-
crease, salinity also decreases considerably; those alkalinity val-
ues that are significantly below seawater salinity are controlled
by both decomposition of the gas hydrates and freshening that
results from the dewatering and dehydrating of an accretionary
complex or of subducted sediments below.

Alkalinity and Sulfate

Alkalinity values are unexpectedly high. Water samples of
2 mL, instead of 5 mL, were used for analyzing alkalinity (F ig.
45 and Table 10) Between measurements, the combination elec-
trode was rested in seawater (IAPSO) for 30 to 60 min. The
GRAN plot and titration record of Sample 112-688A-19X-3,
140-150 cm (at 174.20 mbsf) indicate that 264.65 mmol/L is the
highest alkalinity value ever recorded in the history of the drill-
ing program (see Fig. 46).

Such high alkalinity values trigger diagenetic carbonate reac-
tions, which also affect the depth of the observed alkalinity
maximum. Carbonate reactions and CO, reduction to CH, are
the main reactions responsible for decreasing alkalinity with
depth.

The sulfate-reduction zone is very thin at this site because of
high sedimentation rates (>100 m/m.y.). At ~6 mbsf, sulfate
concentration is below 5 mmol/L. From about 30 mbsf to the
bottom of the site, sulfate concentrations are almost 0 mmol/L,
and methane concentrations are high (see “Organic Geochemis-
try” section, this chapter). The slight (< 1 mmol/L) sporadic in-
creases in sulfate concentrations in five of the deepest samples
may be caused by contamination with drill-hole water because
all cracks in the rotary-drilled, indurated sediment samples were
soaked with drill-hole water. We took special precautions for
preparing samples before squeezing. However, very small con-
tamination levels were unavoidable in a few of these deeper sam-
ples; the total volume of interstitial water recovered from these
samples ranged between 1 and 5 mL.

Ammonia and Phosphate

Ammonia concentrations reach a record high value of 63.02
mmol/L at 192.88 mbsf (Sample 112-688A-21X-3, 108-118 cm),
about 20 m below the alkalinity maximum. At Site 685, which
held the previous alkalinity record value, the maximum NH{
value determined was only 32.32 mmol/L, which is ~50% of
the maximum value at Site 688.
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Sample 112-688E-39R-1, 130131, 2nd sample
total extract (DCM) in hexane
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Figure 42. Gas chromatograms of extracts of Samples 112-688E-39R-1, 130-131 cm, and 112-688E-39R-1,
99-100 cm, in hexane and of a standard mixture of alkanes in hexane.

We observed a phosphate maximum at 104.7 mbsf, about Silica
70 m above the alkalinity maximum. The depth sequence of
concentration maxima of first phosphate, then alkalinity, and The solubility of diatoms controls the silica concentration
finally ammonia was maintained, even at this site of extremely values between ~ 20 and 350 mbsf. We believe that opal-A dis-
high sedimentation rates in the Quaternary sequence. solution rates control the silica values in the uppermost 20 m of
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Table 9. Interstitial-water geochemical data for Site 688.

SITE 688

Core/section Depth  Salinity  CI~ Alkalinity ~ SO3~ PO~ NH{ Sio, ca?* Mg+ el
interval (cm) (mbsf)  (g/kg) (mmol/L) (mmol/L) (mmol/L) (umol/L) (mmol/L) (umol/L) (mmol/L) (mmol/L) Mg**/Ca**
112-688A-1H-4, 145-150 595 338 563.82 28.44 4.48 45.68 3.20 920 7.35 50.51 6.87
3H-4, 145-150 2375 363 562.86 70.35 1.59 187.97 10.07 1078 4.62 53.80 11.65
6H-3, 145-150 5075  37.4 546.47 99.49 0.0 191.63 20.90 1248 4.61 55.41 12.02
9X-5, 140-150 8220  40.8 544.54 153.31 0.0 554.51 34.24 1133 472 71.18 15.08
12X-1, 140-150 10470  44.2 531.05 189.27 0.0 746.76 41.18 1080 6.12 85.41 13.96
16X-4, 140-150  147.20  47.2 528.16 244.46 0.0 462.56 52.07 1089 7.29 96.49 13.24
19X-3, 140-150 17420  49.0 527.19 264.65 0.0 303.74 60.69 1104 7.51 98.84 13.16
21X-3, 108-118 192,88  48.3 522.38 265.68 0.0 175.52 63.02 1047 7.40 96.78 13.08
27X-4, 140-150 25170  46.0 520.45 231.48 0.23 462.56 57.89 1082 6.52 86.78 13.31
30X-1, 115-125 27545  44.5 517.56 220.95 0.0 178.36 56.65 1135 5.86 78.58 13.41
33X-3, 140-150  307.20  43.8 507.92 195.19 0.0 295.38 52.53 1186 6.32 70.07 11.09
112-688E-3R-4, 140-150  365.00  36.5 470.84 123.50 0.0 274.04 37.36 1254 2.92 45.20 15.48
6R-4, 140-150  393.50  34.2 493.12 101.30 0.46 141.55 31.31 1332 3.79 39.43 10.40
9R-5, 140-150 422,00  32.8 494.09 78.48 0.0 59.19 27.57 1359 5.93 29.48 4.97
12R-1, 140-150  450.50  32.2 483.43 66.91 0.32 20.10 25.08 1409 8.87 26.78 3.02
19R-3, 140-150  521.40  31.2 492.15 — (1.24) 9.17 15.52 1322 15.27 25.45 1.67
23R-1, 140-150  556.40  30.0 487.51 — 0.54 7.60 10.60 993 18.58 22.78 1.23
27R-1, 140-150  594.40  30.2 502.81 — 0.32 s — 632 25.59 20.71 0.70
Table 10. Interstitial-water chemical data squeezed from sediment samples compared with in-situ samples in Hole 688A.
Core/section Depth  Salinity cr- Alkalinity SO0}~ PO}~ NHy Si0, ca?* Mgt
interval (cm) (mbsf)  (g/kg) (mmol/L) (mmol/L) (mmol/L) (umol/L) (mmol/L) (umol/L) (mmeol/L) (mmol/L) Mg>*/Ca**
112-688A-3H-4, 145-150 2375  36.3 562.86 70.35 0 187.97 10.07 1078 4.62 53.80 11.65
In-situ 1 4630 375 550.33 97.96 0 122.16 18.46 1100 5.04 57.64 11.44
6H-3, 145-150 5075  37.4 546.47 99.49 0 191.63 20.90 1248 4.61 55.41 12.02
16X-4, 140-150 147,20  47.2 528.16 244.46 0 462.56 52.07 1089 7.29 96.49 13.24
In-situ 2 160.30  49.3 533.94 261.65 0 128.20 54.98 1106 7.84 103.36 13.18
19X-3, 140-150 17420  49.0 527.19 264.65 0 303.74 60.69 1104 7.51 98.84 13.16
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Figure 43. Interstitial chloride for Site 688.
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Figure 44. Interstitial salinity and alkalinity for Site 688.
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Figure 45. Interstitial sulfate and alkalinity for Site 688.
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Figure 46. GRAN plot and titration alkalinity record for Sample 112-
688A-19X-3, 140-150 cm.

the hole (Fig. 48 and Table 9). In the uppermost 20 m, opal-A
dissolution rates control silica values. Silica values are signifi-
cantly higher between about 350 to ~ 500 m; these values range
between 1250 and 1410 pmol/L. Within this depth interval, dia-
toms are abundant and well preserved (see “Biostratigraphy”
section, this chapter). The section with abundant, well-preserved
diatoms continues to 577 mbsf, while silica values decrease
sharply from 1409 to 993 pumol/L at 556 mbsf. This value is be-
low the solubility of opal-A at the in-sifu pressure and tempera-
ture. Between 584 and 612 mbsf, diatoms are still common and
moderately preserved, while below 612 mbsf, the sediments are
barren of diatoms (see “Biostratigraphy” section, this chapter).
Silica concentrations decrease sharply within this zone.
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Figure 47. Interstitial magnesium and ammonia for Site 688.

The behavior of the silica profile below ~ 350 mbsf suggests
that the advecting waters also are rich in silica. The depth zone
between 350 and ~ 500 mbsf is probably a mixing zone between
the two solutions. This continuous water flow affects the dia-
toms below the zone, where they dissolve more rapidly than in
the upper section, which is controlled only by diffusion; eventu-
ally, all the siliceous remains will dissolve and disappear from
the silty-sandy section.

Calcium and Magnesium

The reaction scheme of carbonates characteristic to this sedi-
mentological and tectonical environment was discussed in detail
in the Site 682 and 683 chapters.

Here, an unusual increase in Mg?* concentrations to a maxi-
mum level of 98.8 mmol/L at 174 m is caused by an ion-ex-
change reaction driven by the extreme ammonia concentrations
that were observed (Figs. 47, 49, and 50; Table 9). The corre-
spondence between the Mg?* and NH,* profiles (between 100
and 300 mbsf) is indicated in Figure 47. The distinct water masses
discussed in the introduction are clearly seen in the Ca?*, Mg?*,
and Mg?*/Ca?* profiles shown in Figures 49 and 50.

In a Quaternary sequence between ~ 193 and 307 mbsf, sig-
nificant decreases in Mg?* concentrations were observed (from
96.8 to 70.1 mmol/L). The gradient of decrease is 2.3 mmol/L
(Fig. 49). Within the same depth interval, Ca?* concentrations
are almost constant and show an insignificant decrease of only
1.1 mmol/L (from 7.4 to 6.3 mmol/L). This appears to be a
zone of calcite dolomitization. The decreases in the Mg?* /Ca?*
ratio are small and suggest that the amount of dolomite formed
per unit of sediment volume is not large.

Between 365 and 594 mbsf, in the section influenced by these
advecting fluids, Ca?* concentrations increase from 2.9 to 25.6
mmol/L, at an average gradient of 1 mmol/L/10 m; Mg?* con-
centrations decrease from 45.2 to 20.7 mmol/L, again at an av-
erage gradient of 1 mmol/L/10 m. The Ca?* vs. Mg?* slope
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Figure 50. Mg2*/Ca®* ratio for Site 688.

equals —1, which is a typical volcanogenic and/or basement
signal (see review by Gieskes, 1983).

The large increases in Ca?>* do not seem to be controlled by
calcite dissolution; the observed concentrations are above the
calcite solubility at the in-sifu temperature and pressure; how-
ever, alkalinity does not increase, but even decreases.

The sharp inverse Ca?* and Mg?* gradients are reflected in
the steep slope of the profile for Mg?* /Ca?* ratios (Fig. 50). At
450 mbsf, the ratio is 3. With ratios between 1 and 3, one can
expect co-formation of dolomite and calcite for kinetic reasons.
Below a ratio of 1 (at this site below ~ 560 mbsf), only calcite is
stable. Calcite cementation and calcite veins are common within
this depth interval; calcite cementation of sandstone is pervasive
(see “Lithostratigraphy” section, this chapter).

Chemistry of Gas Hydrates

On the basis of chemical gradients within the depth interval
82.2 to 174.2 mbsf, Samples 112-688A-9X-5, 140-150 cm through
112-688A-16X-4, 140-150 cm, and the chemistry of the intersti-
tial waters at 141 mbsf, the chemistry of the three hydrate sam-
ples recovered at this site from Core 112-688A-15X, is as fol-
lows:

Salinity ........ 46.8 (g/kg)
& R e 528.6 (mmol/L)
NB vesssnnans 51.5 (mmol/L)
1D L 1088 (umol/L)
POI~ sevvvesaian 500.5 (pmol/L)
Ca*t oesemenisn 7.2 (mmol/L)
S 94.9 (mmol/L)
Mg2*/Ca2* ....13.2
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Table 11. Chemical data of gas hydrates and of nearby interstitial waters from squeezed sediments, Site 688.

Core/section
interval (cm)

Depth
(mbsf)

Salinity Cl~

Type (g/kg)  (mmol/L)

S0}~
(m molfL]

ME“
(mmol/L)

Caz +
(mmol/L)

NHy '
tmmnlfL]

P03~
(pmol/L)

Sio

2
(umol/L) Mg2t/Ca?t

112-688A-12X-1, 140-150
I15X-TA
15X-7C
15X-7B
16X-4, 140-150

104.7
~ 141
~141
~ 141

147.2

4.2

7.8
1.8
20.0
47.2

531.05

90.60
136.86
232,27
528.16

Squeezed sediment
Gas hydrate
Gas hydrate
Gas hydrate
Squeezed sediment

0
0
0
0
0

41.18
12.34
15.08
34.43
52.07

1080
449
491
635

1089

6.12
1.48
1.35
2.42
7.29

85.41
12.54
18.07
28.36
96.49

13.96

8.47
13.39
11.72
13.24

746.76
139.95
61.69
75.92
462.56

The percent of dilution for the three gas-hydrate samples
(112-688A-15X-7A, -7B, and -7C) by interstitial water is calcu-
lated for each component analyzed in the following table:

Percent Dilution by Interstitial Water

MsZ +
(mmol/L)

PO}~ ca?t
(pmol/L) (mmol/L)

NHy
(mmol/L)

Si0,
{umol/L)

Gas-hydrate  Salinity Cl
samples (g/kg)  (mmol/L)

413
45.1
58.4

28.0
12.3
15.2

20.6
18.8
336

13.3
19.1
299

17.1
25.9
43.9

24.5
29.9
68.3

15X-A
15X-B
15X-C

16.7
25.2
42.7

Results for salinity and chloride are practically the same.
Calculated percentage of dilution for ammonia and silica are
systematically higher than for salinity and chloride. This strongly
suggests that, in addition to methane, ethane, and ice, these
gas-hydrate samples also contain ammonia and silica.

Except for phosphate and calcium in Sample 15X-7A, the cal-
culated percentage of dilution for phosphate, Ca®*, and Mg?*, is
significantly lower than that of salinity and chloride. Because of
their high reactivity, these substances may have been involved in
almost instantaneous inorganic reactions triggered by the pres-
sure-temperature changes induced by coring and sample handling.

PALEOMAGNETICS

Introduction

The shipboard paleomagnetic study for Site 688 yielded re-
sults distinctly different from those of previous Leg 112 holes.
The pattern in previous holes was a decrease in the intensity of
magnetization to a level below which the Molspin spinner mag-
netometer could not measure, usually at a depth, just below the
Brunhes-Matuyama boundary. In Hole 688A, the magnetic in-
tensity decreased at this depth, but then strengthened; thus,
with appreciable recovery, we were able to obtain good results
from all cores. We believe that the presence of iron monosulfides
in cores is partially responsible, which implies that magnetiza-
tion is linked to diagenesis. In Hole 688E, we were able to mea-
sure samples from the first few cores, below which the signal de-
teriorated and accurate measurements with the Molspin were
not possible.

Holes 688A and 688E constitute by far the longest interval of
core from which we obtained paleomagnetic measurements dur-
ing Leg 112, although many voids exist even in one of the most
completely recovered intervals. This paleomagnetic signal may
tell us more about diagenetic processes involving the production
of iron sulfides than the chronology of the cores. The magnetic
data from Site 688 thus may be the most difficult to interpret.

Results

The declination, inclination, and intensity of magnetization
are plotted vs. depth in Figure 51. A wide range of intensities
can be seen in the samples. In Figure 51, the data were filtered
so that only measurements taken after an alternating-field (AF)
treatment of 150 Oe (15 mT) remain. Note that intensity de-
clines in the first few cores of Hole 688E, which is below the
sensitivity of the Molspin. This was also observed in other sites
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Figure 51. Declinations, inclinations, and intensities for samples from
Holes 688A and 688E after an AF treatment of 150 Oe. Only statisti-
cally significant measurements are included.

during Leg 112. Another interesting feature is that samples down
to Section 112-688A-29X-5, far downhole and having an inten-
sity greater than 2.0 mA/m, are normally magnetized (Fig. 51).
Below that point, both normally and reversely magnetized sam-
ples have magnetizations greater than 2.0 mA/m. If the magne-
tization of these samples is owing to the presence of iron sul-



fides, then the polarity changes observed downhole may repre-
sent the timing of the monosulfide formation.

An attempt at defining a reversal chronology for Site 688 is
presented in Figure 52. However, because of the diagenesis care
must be used when applying these results to a time scale. Holes
688A and 688E are abutted at a depth of 350 m in Figure 52.
This depth is where coring began in Hole 688E. Selected litho-
logic features were added to the diagrams. Several reversals can
be seen in these data. First, is the Brunhes/Matuyama bound-
ary in Section 112-688A-9X-2. However, below Section 112-688A-
11X-14, magnetization again has normal polarity; this polarity
is predominant down to Core 112-688A-23X. One possibility
for this predominance of normal polarity is that much of this
section of the core was remagnetized during the Brunhes Nor-
mal Chron. Several hypotheses can be stated as follows:

1. Zones where the core is black (between Cores 112-688A-
11X and 112-688A-23X) indicate that iron sulfides are probably
present and are predominantly of normal magnetization. In
deeper cores, several reversed intervals can be seen. This may in-
dicate that the normal overprinting associated with iron sulfides
is weaker or fades at depth. It may also indicate that the iron
sulfides in the deeper intervals were formed and acquired their
magnetization during a reversed period.

2. The first occurrence of pervasive iron sulfide impregna-
tion coincides with a reversal in polarity from reversed to nor-
mal.

3. The occurrence of dark gray and dark olive gray mud in
Sections 112-688A-27X-5 to 112-688A-29X coincides with a re-
versed interval.

4. Two lithologic boundaries coincide with magnetic rever-
sals. These are the Unit I/Unit II boundary at 338 mbsf in Hole
688A and the Subunit IIB/Subunit IIC boundary in Hole 688E.

SITE 688

This may be coincidence but is often an indication that the
boundary reflects a hiatus. Between lithologic Units I and 1I,
however, this contact coincides with the basal occurrence of the
black mud. The reversal thus may be related to the presence of
iron sulfides and does not reflect a stratigraphic boundary.

What these points seem to indicate is that the iron sulfides
were either generated diagenetically and recorded the field at the
time of their formation, or that the lower cores contain complex
magnetization made up of two or more magnetic phases. One
may be the original magnetization of the samples. In some cases,
the observed magnetizations may be related to the presence or
absence of a diagenetic process. For this reason, the first rever-
sal was labeled a maximum depth for the Brunhes-Matuyama
boundary. Evidently, this is the boundary because none of the
samples from higher in the hole exhibit any indication of a re-
versed magnetization. The sedimentation rate predicted by pale-
ontological investigation during the Quaternary is certainly high
enough to allow for this possibility (> 100 m/m.y.).

Other interpretations of the reversal pattern shown in Figure
52 require that a hiatus at the base of Core 112-688E-9R repre-
sent a considerable length of time. The required break would
abut the Matuyama Chron with either the Olduvai Chron or the
Gauss Chron, a gap of either 0.9 Ma or 1.5 Ma, with little sup-
portive paleontological evidence. Other evidence indicates that
post-depositional remagnetization occurred in these cores (dis-
cussed next). Results from samples in the major intervals shown
in Figure 52 are presented and described in the next section.

Discussion of Zijderveld Plots

Zijderveld plots, intensity of magnetization vs. AF treatment,
and stereonets of directions of magnetization are shown in Fig-
ure 53 and discussed below.
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Figure 52. A) The inclinations of samples from Holes 688A and 688E. Some lithologic information is included, and the polarity of the
magnetization has been added; black indicates normal and white indicates reversed intervals. B) Details of the lower portion of Hole 688A

also are shown.
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Figure 53. A series of Zijderveld, stereonet, and intensity plots. Each summarizes
the results from a single sample typical of an interval of core. See text for discussion.
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Figure 53 (continued).

1. Sample 112-688A-1H-1, 21 cm (0.21 mbsf); this sample
shows a decay consistent with a single magnetization of normal
polarity from very near the mud line.

2. Sample 112-688A-6H-1, 48 cm (46.78 mbsf); this sample
is within the normally magnetized interval above the first rever-
sal. The decay is certainly not classic, but the direction indi-
cated is consistent. However, a large, circular standard deviation
of 20.2 warrants caution when interpreting these results.

3. Sample 112-688A-10X-2, 70 cm (86.50 mbsf); this sample
is from just below the first reversed interval of Hole 688A and
exhibits a decay consistent with the presence of two magnetiza-

SITE 688
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tions of opposite polarity but similar direction. The increased
intensity between the natural remanent magnetization (NRM)
and 150-Oe measurements and the Zijderveld plot supports this
finding. The normal component of the magnetization is stronger.
We are tempted to assign the status of overprint to the reversed
magnetization.

4. Sample 112-688A-17X-2, 71 cm (153.01 mbsf); this sam-
ple is from the black mud and exhibits a magnetization that re-
mains fixed in orientation to high AF treatments (roughly 550
Oe). The direction changes slightly in different treatments and
indicates that the sample was not successfully demagnetized.
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Figure 53 (continued).
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Thermal demagnetization of some of these specimens will be
tried during shore-based studies. This pattern suggests that he-
matite or pyrrhotite is the magnetic carrier.

5. Samples 112-688A-24X-1, 75 cm (218.05 mbsf); 112-688A-
24X-1, 61 cm (217.91 mbsf); and 112-688A-24X-1, 74 cm (218.04
mbsf); these three samples were retrieved from Core 112-688A-
24X, which recovered only 1.2 m of sediments. The first sample
selected was at 75 cm and although it depicted erratic behavior
during demagnetization, the last three steps fall on a great cir-
cle. This pattern indicates the presence of two magnetizations,
both of which are being destroyed in a similar way by the suc-
cessive AF steps. Thus, one sample contained both a normal
and a reversed component, and two samples were retrieved from
a nearby core to see if they were reversely magnetized. Though
neither sample shows excellent decay, both exhibit positive incli-
nations and indicate that they carry a reversed magnetization.
This also indicates that other reversely magnetized intervals in
the black mud may have been missed and that more detailed
sampling is required to locate them.

6. Sample 112-688A-21X-1, 75 cm (189.55 mbsf); a sample
from within the black mud interval that exhibits a straightfor-
ward decay and is normally magnetized.

7. Samples 112-688A-27X-5, 70 cm (252.50 mbsf) and 112-
688A-29X-7, 18 cm (273.98 mbsf); these samples are from a
lighter interval within the black muds of Subunit IB. Both indi-
cate a reversed polarity. The former also shows a normal over-
print and reduced intensity over a period of two days.

8. Sample 112-688A-30X-1, 68 cm (274.98 mbsf); this sam-
ple shows a normal magnetization and a simple intensity plot.

9. Samples 112-688A-36X-3, 7 cm (334.37 mbsf) and 112-
688A-36X-7, 80 cm (340.80 mbsf); both these samples are re-
versely magnetized. The intensity plot of the former shows that
the intensity decreased over the time between the initial 150-Oe
treatment and the second treatment, which suggests a viscous
component in this sample. Both samples have reasonably good
decays and a single direction of magnetization.

10. Sample 112-688A-37X-1, 28 cm (341.08 mbsf); this sam--

ple is reversely magnetized but displays a Zijderveld plot and in-
tensity curve consistent with the presence of two magnetiza-
tions: a stronger reversed component and a weaker, more easily
destroyed normal component.

Discussion

The correlation between the iron sulfide-bearing black mud
and the reversal pattern of Figure 52 is compelling evidence that
at least some, if not all, reversals in Holes 688A and 688E were
generated by diagenetic processes that produced iron sulfides.
The Brunhes-Matuyama boundary is the only date we obtained
from the paleomagnetic data at this site. This is a maximum
depth, although indications are that it is close to the true depth.
Further dating may be possible after more detailed sampling
and more precise measurements are conducted during shore-
based studies. By combining studies about diagenetic processes
and paleomagnetic data, we may be able to supply a chronology
of diagenesis from Site 688.

Core Orientation

We were able to orient a structure using paleomagnetic mea-
surements with a fault surface having slickensides that was found
in Sample 112-688A-37X-2, 68-73 cm. A sample was retrieved
from the working half of the same drilling biscuit. The direction
of magnetization obtained from this sample was used to deter-
mine the true orientation of the fault. Procedures are discussed
in the “Lithostratigraphy” section (this chapter).

Orienting a core using the paleomagnetic information ob-
tained from a single sample depends greatly on the quality of
the results for the sample and on the care taken during sam-
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pling. The accuracy of a single measurement as an orienting
tool can be shown by looking at measurements of samples taken
from APC cores. In Hole 688A, the first seven cores were recov-
ered using the APC tool. Figure 54 shows the declination values
obtained from these cores. The measurements indicate that the
cores do indeed act as reasonably coherent pieces. Some scatter-
ing can be correlated with drilling disturbance and gaps in the
cores. The data show that a single measurement could orient a
core to + 15°. Assuming no obvious breaks in continuity, sev-
eral measurements over the length of a core should provide an
excellent orientation for a core. When obvious breaks do occur,
local sampling should be undertaken to orient specific features.
When orienting a feature in a small biscuit, the retrieved sample
certainly is local, and the orientation most probably is as accu-
rate as that of a single measurement performed on an APC
core,

Paleomagnetic Orientation

The fault at Sample 112-688A-37X-2, 66-73 cm, was found
in a drilling biscuit of mudstone roughly 7 cm in length and thus
unlikely to be inverted during drilling. One can see it best in the
archive half of the core. An oriented sample (a 6-cm? minicube)
was retrieved from the working half of the same biscuit and
treated as a standard paleomagnetic sample with the goal of de-
termining the original orientation of the biscuit and of the fault.
Measurements of up to 30 mT were conducted during AF de-
magnetization.

Results of these magnetic measurements are shown in Figure
55. The sample proved to be excellent for our purposes. Aside
from a small normal component that disappears at a low level
of demagnetization, the magnetization is reversed (positive in-
clination, Southern Hemisphere). This combination indicates
that the biscuit almost certainly is not inverted. The direction of
magnetization, determined by a least-squares fit to the treat-
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Figure 54. Declination data from the APC-cored interval in Hole 688A.

921



SITE 688

112-688A-37-2, 68

Scale 0.50 mA/m

N, up
&
W, 1 e s e v 11— E
Nt
1T
1 s W SO
1 \\Hhhﬁh
J
S, down
= Horizontal
o Vertical

Jid,

1.0

086

0.2

N
Equal area
* NRM
=0
Jip, =3.955 mA/m
.—--B-\.._\___
i
—a_
~
s
- Y
.
S 1 15 20 25 30
mT

Figure 55. Paleomagnetic results from Sample 112-688A-37X-2, 68 cm, from Hole
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netization with a direction having a declination of 118° (wrt core) and inclination of

14°.

ments above 15 mT, is a declination of 118° (with respect to the
core) and an inclination of 14°. The reversed polarity is consis-
tent with nearby samples. Although the inclination is lower than
anticipated for this site (22°), it is not inconsistent with the
range in values observed during Leg 112. This magnetization
must be aligned with the geographic south to obtain the orienta-
tion of the fault.

Orientation of the core by measuring a single sample is unu-
sual enough to warrant discussion. This particular sample has a
well-defined magnetization that is at least as old as the Brun-
hes/Matuyama boundary and that is stable in orientation up to
treatments of 30 mT. The magnetization was probably acquired
diagenetically, which represents a reasonable time average. This
is further supported by evidence from APC cores of similar but
less indurated sediments from this hole and previous holes that
show declinations often consistent to within 10° over the length
of the core. Part of the error was incurred when splitting and
sampling the cores. We took care to be consistent, but a mis-
alignment of 5° is certainly possible. A lesser problem is the rare
occurrence of assignment of the working half to the archive half
and vice versa. However, this should be checked. If reasonable
care was taken in sampling, with a sample exhibiting a well-de-
fined magnetization, the error in alignment of the core from a
single sample is probably 10° to 15°.

Figure 28, which is a projection (lower hemisphere) of the
structural elements and paleomagnetic measurements in a plane
perpendicular to the core axis, summarizes these results. The
fault strikes 297°. This result and its structural implications are
discussed in the “Lithostratigraphy” section (this chapter).

PHYSICAL PROPERTIES

Physical-properties measurements at Site 688 were performed
on split cores, generally at an interval of one every two sections
(3 m) in good quality APC and XCB cores. The quality of re-
covery provided a good suite of index-property samples and
vane shear tests in Hole 688A. We had more difficulty obtaining
samples from the cores of Hole 688E because the material was
either too lithified to perform vane shear tests or too fractured
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to provide reliable samples. Several samples obtained in Hole
688E were used to measure velocity with the Hamilton Frame.

Index Properties

The index properties measured at Site 688 include water con-
tent (presented as a percentage of dry sample weight), porosity,
bulk density, and grain density (Table 12). The methods speci-
fied in the “Explanatory Notes” (this volume) were used to
measure the index properties at Site 688. The measured salinity
of the pore water (see “Inorganic Geochemistry” section, this
chapter) was used in the calculations.

Figure 56 illustrates downhole trends in water content and
porosity with depth and lithology for this site. Figure 57 shows
the bulk-density data obtained from samples of the split cores
and from GRAPE profiles. All apparently undisturbed APC
and XCB core sections were run through the GRAPE, with the
index-properties sample data showing good correlation to the
GRAPE profile. The rotary core barrel (RCB), used in Hole
688E, provided cores that were too disturbed for meaningful
GRAPE data.

Discernible trends are evident in the index-property data at
Site 688. The water contents in lithologic Subunit IA decrease
rapidly from a high of 142% near the mud line to 76% at the
base of the unit (Fig. 56). The porosities in Unit I also decrease
within the unit, from 80% near the mud line to 70% at 66 mbsf.
Bulk densities increase rapidly within the upper 35 m of Subunit
IA, from 1.4 g/cm? near the mud line to 1.51-1.53 g/cm?®. A
marked increase in bulk density occurs at this depth, to 1.58 g/
cm? at 39 mbsf (Fig. 57). This depth appears to correspond to
an increase in content of nannofossils and foraminifers and the
accompanying decrease in silt content. The average bulk density
in the remainder of Subunit IA remains fairly constant with
depth, but individual values vary between 1.5 and 1.67 g/cm®.

Subunit IB appears to have constant or perhaps slightly in-
creasing water content with depth and an approximate mean
value of 95%. The porosities continue to decrease slightly with
depth through Subunit IB. The bulk densities in this unit ap-
pear to decrease slightly with depth and vary between 1.51 and
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Table 12. Summary of index properties data for Holes 688A and Lith.
unit
G88E.
0 T T T I !_
Water Bulk Grain 1A
Core/section Depth contents Porosity  density  density
interval (cm) (mbsf) (% dry wt) (%) (g/em3)  (g/em3) a0
e
112-688A-1H-2, 87 2.37 133.39 80.09 1.44 2.51 18 1r &
1H-4, 73 5.23 126.92 79.59 1.46 2.51 -}
1H-6, 17 7.67 142.25 81.16 1.42 2.38
2H-2, 41 10.21 129.78 77.88 1.41 2.46 r
2H-4, 83 13.63 132.73 78.85 1.42 2.42 o,
2H-6, 87 16.67 102.60 73.59 1.49 2.45 | ¢ _
3H-1, 92 1872 122.90 78.42 1.46 235 200+ |~ =
3H-3, 86 21.66 101.45 74.63 1.52 2.63 iy
3H-5, 88 24.68 102.35 75.69 1.53 2.52 i Ic ¢
4H-1, 95 28.25 120.64 80.29 1.50 2.71 & b
4H-3, 83 31.13 107.90 76.98 1.52 2.45 b !
4H-5, 117 34.47 115.11 79.07 1.51 2.53 E
5H-2, 82 39.12 87.73 72.28 1.58 2.43 c 7] B 1r ‘ &
5H-4, 96 42.26 79.63 72.12 1.67 2.54 = ° ‘
6H-2, 69 48.49 95.18 74.11 1.56 2.48 §'
6H-4, 94 51.74 89.82 72.17 1.56 2.52 A
6H-6, 85 54.65 81.20 72.06 1.65 2.63
7H-2, 98 58.28 87.46 72.33 1.59 2.49 . % °
TH4, 106 6136  103.34 74.35 1.50 2.35 400 1B — ¢ -1 =
TH-6, 106  64.36 75.90 69.61 1.65 2.48 o °
8X-1, 118 66.48 80.69 70.04 1.61 2.61 He wiE® o9
9X-2, 137 71.67 111.60 78.56 1.53 2.46 . . ° °
9X-4, 88 80.18 79.68 70.12 1.62 2.43 1D . °
9X-6, 137 83.67 78.74 69.55 1.62 2.36 |
10X-1, 76 85.06 74.08 66.98 1.61 2.38 g & 1r
10X-3, 47 87.77 96.68 75.45 1.57 2.52
11X-3, 132 97.34  100.52 74.09 1.51 2.39 HE
UX-7,77 10117 106.58 76.61 1.52 2.34 . °
11X-9,25  101.85 109.58 77.81 1.52 2.39 HF .
12X-1,77  104.07 98.29 73.25 1.51 2.36 — L | 1 | T i
13X-2,94  115.24 95.10 73.06 1.54 2.40
13X-6, 78 121.08 97.34 7420 154 232 0 100 200 0 50 100
14X-1,90  123.20 77.21 69.22 1.63 2.45 Water content Porosity
14X-4,38 12718 109.37 77.47 1.52 2.37 (% dry wh) (%)
14X-6, 52 130.32 106.70 74.60 1.48 241 i . Downhole water-content and porosity profiles for Site 688.
15X-1, 18 131.98 110.18 76.04 1.49 2.36 ls:li“:; Stﬁ of ks & alio thown POROEY'R
ISX-7, 10 140.90 85.46 71.61 1.59 2.42 I .
16X-2,34  143.14 115.79 78.98 1.51 2.31
ot e Tn B2 12 I 1.63 g/cm’. The behavior of the index properties in Subunit IB
17X-2,92  153.22 99.07 74.19 1.53 2.33 is contrary to that normally found in a consolidating sediment
17X-4, 13 155.43 97.02 74.83 1.56 2.49 sequence. This reversal of behavior changes at the Subunit IB/
Y e oo vy e Subunit IC boundary, with the water contents gradually de-
19X-1,53 17033 84.05 71.29 1.60 2.44 creasing with depth through Subunit IC. Although valqes as low
19X-3,36  173.16 79.09 69.56 1.61 2.48 as 44% and as high as 105% occur throughout Subunit IC, the
Pahey jenm o oL 8 2 mean provides an approximate water content of 80% at the base
2AX2. 42 190.72 103.15 75.16 1.52 2.29 of Subunit IC. Porosity continues to decrease thmugh Subunit
21X-3,93  192.73 86.56 72.43 1.60 2.32 IC to values of 69% to 73% at the base of the unit (330-340
aaa B ok Lol e =X mbsf). With the exception of local fluctuations, bulk densities
25X-2. 76 229.06 102.50 76.16 1.54 2.16 in Subunit IC appear to remain constant with depth, with a
26X-1,31  236.61 87.09 72.96 1.61 241 mean of approximately 1.58 g/cm?.
i v o o The data obtained in lithologic Unit I1 is scattered. This unit
29)(_1: 133 26?:63 95:31 73:|g 1:53 2:43 ClOI'lSiSlS'Of sIumpf:d and deformed s_edi.rr.lenFs, anc! these variable
29%-3, 73 268.53 78.21 70.36 1.64 2.53 lithologies most likely cause the variability in the index-property
pehe e e aw s 2 data. Water contents and porosities continue to decrease through
32)(.2: 8 294:33 10120 66:79 I:66 1:55 Unit 11, as would be expecte_d. Bl_llk ‘densitif:s COI.IIiIlLIe to in-
32X-5, 65  297.67 76.64 69.05 1.63 2.48 crease. No samples were obtained in lithologic Unit III.
32X-8, 107 301.87 81.81 69.95 1.59 2.44
33X-4, 53 307.83 92.41 71.42 1.52 2.24 Compressional-Wave Ve]ocity
33X-5, 117 309.97 104.60 72.91 1.46 2.24 o ) . . .
35X-1,84 32264 83.21 69.58 1.57 2.38 The P-wave logger, which is run in conjunction with the
35X-2, 74 324.04 43.73 68.74 2.31 4.34 i iti throu h the sediments
35X-6, 84 330.14 93.38 70.84 1.50 2.30 GRAPE.‘ a0 (lésed 12 nll_aleasure ell(:c:t fs fo gl it denth
36X-1, 32 331.62 82.57 70.02 1.59 2.32 of UDSPIII‘AP (-:OI‘CS. owever, the plots O. V.e OCItY VS. dep
36X-6, 53 339.03 106.66 73.01 1.45 2.17 produced immediately by the logger system indicated that, as at
eMESLY e IS B0 I o previous sites, the quality of data was poor. The usefulness of
6R-2. 12 395,12 54.44 60.99 1.77 231 the P-wave Iogg_er fo_r providing dpwnhole profiles of velocity is
8R-6, 71 420.71 43.35 52.36 1.77 2.4 particularly limited in gasous sediments.
o T - B - Hamilton Frame samples were obtained for several samples
12R-1.29  450.79 26.29 41.85 2.06 2.55 in Hole 688E to help us interpret seismic data. These veloc'ltles
12R-2, 129 453.29 87.83 68.66 1.50 2.19 are presented in Table 13. In some cases, the signal obtained
;;2_?' 0 :;ig o8 g;fg é’gg ii; during measurement was not clear, which was probably caused
ZSR-I.: 68 5'}4:53 4|:43 50:22 ]:76 2:39 by fracturing within the sample; the resulting low velocities are

not reported. The mudstone samples in lithologic Unit II (e.g.,
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Figure 57. Bulk-density measurements of discreet samples and GRAPE bulk-density profile of Site 688.

Schematic of lithologic units is also shown.

Sample 112-688E-8R-6, 71 cm) provided velocities of almost 1.8
km/s. A dolomite sample (112-688E-9R-6, 95 cm) gave a veloc-
ity of 3.8 km/s. Velocities increase downhole, with a value of
2.1 km/s for a mudstone from Sample 112-688E-23R-1, 90 cm.
The cemented sandstones (e.g., Sample 112-688E-33R-2, 118
cm) gave a velocity of 2.34 km/s. The mudstones become more
lithified with depth, and a value of 2.34 km/s was obtained
from Sample 112-688E-43R-4, 53 cm. A limestone sample (112-
688E-41R-1, 16 cm) gave a velocity of 2.65 km/s.
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Vane Shear Strength

The undrained vane shear strength measurements for Site
688 were performed with the Wykham Farrance vane apparatus.
Values obtained for peak undrained vane shear strengths are
presented in Table 14 and are shown vs. depth below seafloor in
Figure 58. Van shear strength increases rapidly within lithologic
Subunit IA from a low of 22 kPa at the mud line to 68 kPa at
31 mbsf, which corresponds to the rapid decrease in water con-



Table 13. Profile of compressional-wave velocity data for Hole
688E.

Core/section Depth  Velocity A Velocity B
interval (cm) (mbsf) (km/s) (km/s) Comments
112-688E-6R-1, 97 394.47 1.66 mudstone
8R-6, 71 420.71 1.79 mudstone
9R-6, 95 430.45 3.81 3.80 dolomite
10R-1, 54 432.04 1.71 mudstone
23R-1, 90 555.90 2.12 2.10 mudstone
24R-1, 14 564.64 1.92 1.93 mudstone
25R-1, 67 574.67 1.76 mudstone
32R-1, 100  641.50 1.94 sandstone
33R-2, 118 652.68 2.34 2.34 mudstone
39R-1, 106  708.06 2.23 mudstone
41R-1, 16 726.16 2.65 limestone
43R-4, 53 750.03 2.34 2.36 mudstone
44R-2, 6 756.06 2.14 2.14 mudstone

Note: Velocity A is velocity in vertical direction; Velocity B is velocity in
horizontal direction.

Table 14. Summary of vane-shear-
strength data for Hole 688A.

Core/section Depth Peak
interval (cm) {mbsf) (kPa)
112-688A-1H-2, 87 2.37 21.64
1H-4, 73 5.23 30.79
1H-6, 17 7.67 22.47
2H-2, 41 10.21 33.29
2H-4, 83 13.63 61.82
2H-6, 87 16.67 58.59
3H-1, 92 18.72 59.05
3H-3, 86 21.66 47.52
3H-5, 88 24.68 67.36
4H-3, 83 31.13 67.82

4H-5, 117 34.47 104.27
6H-2, 69 48.49 73.82

6H-4, 94 51.74 85.81
6H-6, 85 54.65 71.51
7H-2, 9 58.29 43.83

7TH-4, 107 61.37 81.20
TH-6, 107 64.37 94,58
9X-4, 88 80.18  82.58
9X-6, 138 83.68 89.04
10X-1, 77 85.07 109.34
10X-3, 48 87.78 87.20
11X-3, 133 97.34 56.29

11X-7, 78 101.17 78.89
13X-2, 95 115.25 65.97
14X-1, 91 123.21  107.50
14X-4, 38 127.18 67.82
15X-7, 10 140.90 88.12
16X-5, 20 147.50 64.59
16X-6, 18 148,98  106.11
17X-4, 13 155.43 59.98
17X-6, 35 158.65 63.67
19X-1, 54 170.34  110.26
19X-3, 34 173.14  138.87
21X-3, 93 192,73 111.95
26X-1, 31 236.61 122.44
28X-1, 54 255.84 99.12
29X-2, 134 267.64 103.79
29X-3, 74 268.54  130.61
30X-1, 70 275.00 97.96
32X-2,9 294.89  165.59
32X-5, 66 297.67 153.93
32X-8, 108 301.87 159.76
35X-1, 85 322.65 11195
35X-2,75 32405  120.11
35X-6, 84 330.14  129.44
36X-6, 54 339.04  104.95

tent over the same interval. A range of highs (104 kPa) and lows
(44 kPa) occurs throughout the remainder of Subunit IA from
31 mbsf to 72 mbsf, with an apparent trend of increasing shear
strength with depth. Throughout Subunits IB and IC (72 to 340
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Figure 58. Peak undrained vane-shear-strength profile for Site 688.

mbsf), vane shear strengths continue to increase with depth, al-
though the considerable scatter reflects variations in the index-
property data.

Total overburden stress for Hole 688A was calculated using
bulk-density determinations and assuming hydrostatic pore-pres-
sure conditions. The total stress and assumed hydrostatic pro-
files are shown vs. depth below seafloor in Figure 59. The slope
of the data profile appears constant, although some scatter oc-
curs at the lower part of the curve, which reflects the variable
bulk-density values at this depth. The ratio of peak undrained
shear strength to effective overburden pressure (C,/P’) is plot-
ted vs. depth below seafloor in Figure 60. The data follow the
theoretical curve, with the exception of the value at 14 mbsf.
The sudden increase in vane shear strength at this depth is em-
phasized. This depth corresponds to the occurrence of nanno-
fossils and foraminifers in the sediments, but may also be an ar-
tifact. We changed the vane spring before this test and this sharp
change may be an artifact of the testing. Other variations in this
profile result from the variable shear-strength and bulk-density
profiles.

Thermal Conductivity

Thermal conductivity was measured by the needle-probe
method in Hole 688A cores. The probes were inserted into the
ends of the split sections parallel to the core axis. We had diffi-
culty finding undisturbed samples at the ends of the sections be-
low 120 mbsf, so only a few measurements were possible. The
results are presented in Table 15 and Figure 61.

In lithologic Subunit IA, the thermal conductivity seems to
increase with depth. This tendency is consistent with the varia-
tion in index properties (Figs. 56 and 57). In Subunit IB, ther-
mal conductivity decreases with depth. Although the water con-
tent and bulk density seem to vary correspondingly in the same
depth range, these variations are not large compared with that
in thermal conductivity. On the other hand, the grain density in
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Table 15. Thermal-conductivity data for

Hole 688A.
Thermal
Core/section Depth  conductivity
interval (cm) (mbsf) (W/m-K)
112-688A-1H-2, 3 1.53 0.955
1H-3, 3 3.03 0.906
1H-5, 3 6.03 0.968
1H-6, 3 7.53 0.841
2H-2, 3 9.83 0.991
2H-3,3 11.33 0.944
2H-4, 3 12.83 0.865
2H-5, 3 14.33 0.955
3H-1, 147 19.27 0.936
3H-4, 3 22.33 1.040
3H-7, 3 26.83 0.861
4H-2, 3 28.83 0.939
4H-3, 3 30.33 0.956
4H-5,3 33.33 0.952
4H-6, 3 34.83 0.841
4H-7, 53 36.83 1.058
5H-6, 147 45,77 1.050
5H-7, 3 45.83 1.025
6H-3, 125 50.14 1.013
6H-4, 122 51.61 0.976
6H-5, 3 51.92 0.951
6H-5, 147 53.36 1.130
7H-5, 147 62.93 1.055
7H-6, 147 64.43 0.955
8X-2, 147 68.27 0.993
9X-3, 147 79.27 0.911
9X-7, 3 83.83 0.955
10X-2, 147 87.27 0.889
11X-4, 31 97.44 0.923
11X-4, 147 98.12 0.915
11X-9, 3 102.51 0.786
13X-1, 147 114.27 0.854
13X-3, 3 115.83 0.873
16X-9, 3 149.63 1.018
17X-5, 3 156.83 0.836
29X-2, 147  266.41 0.925
29X-3, 147 267.91 0.789
29X-6, 147  269.90 0.928
30X-1, 113 275.43 0.950
32X-2, 3 294.83 1.045
35X-1, 147 323.21 0.878
35X-6, 147 329.12 0.867
Lith.
unit
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Figure 61. Thermal conductivity vs. depth below seafloor at Site 688.



Subunit IB is somewhat lower than that in Subunit IA (Table
12). Possibly a change in the mineral composition resulted in de-
creased thermal conductivities and grain densities.

Figure 62 shows the relation between thermal conductivity
and water content for Leg 112 samples. Thermal conductivity
correlates well with the water content. However, we observed
that the thermal conductivity of XCB cores was generally lower
than that of APC cores for the same water content. Most likely
the XCB cores were more disturbed by drilling and have small
cracks that lower the thermal conductivity.

Summary and Discussion

The physical-properties data obtained at Site 688 provide pro-
files having discernible trends that emphasize changes in lithol-
ogy. A rapid decrease in water contents and increase in bulk
densities occurs within Subunit [A (0-72 mbsf). Such profiles
may be caused by the rapid sedimentation rates in this unit.
Subunit IB appears to have slightly increasing water contents
and slightly decreasing bulk densities, a reverse behavior from
that expected of a normally consolidating sediment sequence.
The decreased water contents and the increased bulk densities
occur gradually throughout Subunit IC.

Unit II contains predominantly slumped and deformed sedi-
ments and variable lithologies, which is apparent in the scatter-
ing of obtained data. Insufficient data exist for establishing the
behavior of the index properties within each subunit of litho-
logic Unit I1. However, a trend of continuing decrease in water
contents and porosities and increase in bulk densities occurs
through Unit II. Results of thermal-conductivity measurements
are consistent with the variations observed in the index proper-
ties.

Hamilton Frame samples provided velocities that were useful
for interpreting the seismic data. The cemented sandstones tested
(from Section 112-688E-33R) gave a velocity of 2.34 km/s. The
oldest mudstone sampled (from Section 112-688E-43R) resulted
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Figure 62. Thermal conductivity vs. water content for Leg 112 samples.

SITE 688

in a velocity of 2.34 km/s, and a sample of limestone from Sec-
tion 112-688E-41R gave a velocity of 2.65 km/s.

GEOPHYSICS

Seismic-Reflection Records

Site 688 was selected after drilling at Site 682 failed to reach
the basement objective. This basement objective was to verify
that the frontal part of the Peruvian margin consists of conti-
nental crust. If true, the Peruvian margin has been extensively
eroded during plate convergence and subduction. We had prob-
lems reaching basement during Leg 112 because of the fractured
condition of the rock, which made it impossible to penetrate
more than about 450 m before a hole collapsed. Identifying the
degree of fracturing required excellent seismic data.

Seismic record CDP-1 was shot for the Nazca Plate Project
and was processed to a “first-pass level” common to seismic
processing during the early 1970s (Hussong and Wipperman,
1981). About two weeks before beginning Leg 112, this record
was reprocessed by stacking all of the 24 channels recorded and
applying migration (R. von Huene and Miller, unpubl. data).
This processing improved the seismic image greatly by collaps-
ing many of the diffractions. Thus, we were able to see more
clearly the areas of coherent reflections and to differentiate from
those having many faults and fractures.

Site 688 is located on the lower-slope terrace of the Peru
Trench (Fig. 63). The outgoing signal contains reflections from
a small basin that were also seen in the 3.5-kHz transducer re-
cord of the site approach. Sediment filling the top of the basin
corresponded to the high-frequency reflections from 0 to 0.4 s
below the seafloor. From 0.4 to 0.67 s, one can see six reflec-
tions of lower frequency and greater amplitude. Before drilling,
we inferred that these reflections were from Eocene rock be-
cause of a character similar to the reflections from Eocene rock
at Site 682. However, during drilling we discovered that the re-
flections were from rocks of Pliocene through lower Miocene.

The high-amplitude reflection at 0.67 s indicates a change in
lithology. Such a change in lithology was cored at 600 m, where
a cataclasite separates the Neogene mudstones above from Eo-
cene sandstones, siltstones, and conglomerate below. Although
this 600-m depth does not fall on the time intercept of the high-
amplitude reflection when applying the average velocity/depth
curve for the area, the 0.03-s discrepancy was easily accounted
for by a lower-than-normal velocity in the uppermost 300-m-
thick section of Quaternary diatomaceous mud. In the absence
of a velocity log, our preferred interpretation was to correlate
the 0.67-s reflection with the top of the Eocene section. When
the velocities measured for the Eocene rocks (see “Physical Prop-
erties” section, this chapter) were weighted in accordance with
the lithology cored (see “Lithostratigraphy” section, this chap-
ter), the estimated velocity was 2.36 km/s. Applying this veloc-
ity to the intercepts of the seismic record indicated basement at
about 836 m, or 57 m more than the depth drilled.

The base of gas-hydrate reflection was observed across the
lower slope to a point 2.5 km downslope; that is, 0.52 s below
the seafloor. The depth corresponding to this time intercept was
passed without incident during drilling, despite the visible gas
hydrate in the upper part of the hole (see “Organic Geochemis-
try” section, this chapter).

Heat Flow

Temperature Measurements

At Site 688, temperatures were measured once with the APC
tool during APC coring (Core 112-688A-4H). Further measure-
ments were impossible because of the stiff sediments. The tem-
perature record is presented in Figures 64 and 65. The equilib-
rium temperature at 36.8 mbsf was calculated as 3.8 +0.2°C.
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Figure 64. Record of temperature vs. time using the APC tool, obtained
while retrieving Core 112-688A-4H.

Temperatures were also measured using the APC tool during
pore-water sampling following Core 112-688A-5H (46.3 mbsf).
The maximum temperature recorded before we pulled out of the
hole was 4.2°C. This value should be used only for reference
(see “Explanatory Notes,” this volume).

Heat-Flow Estimation

From oceanographic data, the bottom-water temperature at
Site 688 was estimated as about 1.7°C. To combine this data
with the equilibrium temperature at 36.8 mbsf, one should take
into account the characteristic of the APC tool. The tempera-
ture was corrected from 3.8° to 3.6°C (see “Explanatory Notes,”
this volume). Thus, the mean temperature gradient was 52 m
K/m. The thermal resistance for the same depth range was cal-
culated as 41.6 m? K/W from the thermal-conductivity data in
Hole 688A corrected to in-situ conditions. Hence, the heat flow
at Site 688 is 46 m/W/m2, This value is not much different from
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39 m/W/m? at Site 683 or 49 m/W/m?, measured by the ordi-
nary surface heat-flow probe.

SUMMARY AND CONCLUSIONS

Our major objectives at Site 688 were to recover a more com-
plete Paleogene section and to penetrate basement. A well-strat-
ified Quaternary basin was selected for drilling to provide stable
hole conditions. The thick Quaternary section we recovered gave
us insight into Quaternary subsidence and basin formation. Al-
though we did not reach the basement, substantial information
was obtained from a 180-m-thick early and middle Eocene se-
quence of shelf affinities.

The three distinct tectono-sedimentary environments encoun-
tered in the 770 m that were penetrated record progressively
deeper water sedimentation from early Eocene to Quaternary
time. The first sequence represents a substantial 339-m-thick ac-
cumulation of bioturbated Quaternary diatomaceous muds. The
uppermost 132 m is composed of dark olive gray to greenish-
gray nannofossil- and foraminifer-bearing diatomaceous muds.
Common foraminifer, terrigenous turbidites in the top 66 m in-
dicate reworked sediment influx. Within the diatomaceous muds,
benthic foraminifer assemblages are representative of today’s
water depths. The remainder of the Quaternary sequence is a di-
atomaceous mud having low carbonate content. From 75 to 312
mbsf, the sediment has a uniform black coloration that is asso-
ciated with a significant amount of pyrite and iron monosulfide.
This represents a substantially thicker black section than that
encountered at Site 685 (90 m). The black color and enrichment
in monosulfide and pyrite are characteristic of high sedimenta-
tion rates. Biostratigraphic data indicate sedimentation rates of
around 300 m/m.y. for the Quaternary section. An incipient fis-
sility developed in the Quaternary section below 100 mbsf.

The second major sedimentary unit is made up of diatoma-
ceous and diatom-bearing muds of lower Miocene to Pliocene-
Pleistocene age, between 339 and 593 mbsf. The boundary be-
tween the second and first lithological units is marked by the oc-
currence of the black, pyrite- and monosulfide-bearing muds
and by a decrease in diatom content. Fissility is better developed
from 339 mbsf. A biostratigraphic hiatus separating the Quater-
nary and Pliocene can be seen between 341 and 350 mbsf in
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Figure 65. Plot of temperature vs. depth for Hole 688A. Circle and tri-
angle indicate the extrapolated equilibrium temperature and the lower
limit temperature, respectively. Solid line represents the temperature pro-
file, based on the heat-flow and thermal-conductivity data from 0-38.6
mbsf in Hole 688A. Broken line represents continuation of the profile,
assuming that the thermal conductivity is 0.9 and 1.1 W/m - K.

Hole 688A and between 350 and 356 mbsf in Hole 688E. Dolo-
mite occurs as a disseminated authigenic phase throughout this
sequence, and discrete dolomite zones are developed at several
intervals. A particularly dolomite-rich section occurs in the lower
Miocene at 446 to 565 mbsf. Finely laminated sediment of alter-
nating diatomite and mudstone with associated minor phospho-
rite is present in the late Miocene and Pliocene-Miocene. This
facies association is similar to that of the contemporaneous sed-
iments of the onshore Pisco Basin and modern coastal upwell-
ing deposits. Intervals of terrigenous sedimentation with reduced
diatom content occur in the lower Miocene and in the Pliocene-
Miocene. Upper mid-bathyal benthic foraminifer faunas indi-
cate deposition of the Pliocene-Miocene sequence in substan-
tially shallower water (500-1500 m) than at today’s depths.
Throughout the Pliocene-Miocene sequence, pervasive soft-sed-
iment deformation is evident. The deformation style is facies-
dependent and includes folding in laminated sequences, com-
plex conjugate subvertical microfaults, dissection of more com-
petent beds by faults exhibiting ramp and flat geometries, and
anastomosing bedding subparallel faults. Many of the faults are
mud-filled. The structures observed indicate deformation within
a predominantly extensional stress field consistent with slide
emplacement. Four breaks in the biostratigraphic record, which
represent missing zones within the Pliocene-Miocene sequence,
may also have formed by extensional faulting. The most sub-
stantial of these hiatuses involves a 4.5-Ma break between the
lower and mid-Miocene between 535 and 555 mbsf. Thus, an ex-
planation for the emplacement of the Pliocene-Miocene section
as an essentially intact sedimentary slide into today’s water depths
seems most likely. Sedimentation rates for the Pliocene-Mio-
cene section are approximately 23 m/m.y.

SITE 688

A marked lithological break to diatom-free calcareous sedi-
ment rich in terrigenous clastic detritus occurs at 593 mbsf. This
coincides with a hiatus that spans the mid-Eocene to the earliest
Miocene, a period of approximately 21.5 m.y. The sediments at
the top of the Eocene section showed an intense cataclastic de-
formation, and recovery was poor between 593 and 621 mbsf.
The sediments recovered from 621 to 659 mbsf are predomi-
nantly greenish-gray to dark greenish-gray, poorly sorted,
quartzo-litho-feldspathic sandstones interbedded with sandy silt-
stones and black mudstones. The sandstones have a dominantly
calcitic cement. The sediments show evidence of syngenetic de-
formation. Beneath the sandstones (from 659 to 678 mbsf), a
siltier sequence contains nannofossil chalks and marls, which
represent a more quiescent marine-influenced sedimentation. Re-
worked Cretaceous calcareous nannoplankton are recorded from
the highest levels of the middle Eocene. Benthic foraminifer as-
semblages for this section indicate a mid- and upper-bathyal
(150-500 m) range of water depths.

A hiatus from early to mid-Eocene occurs at 678 mbsf. The
early Eocene sequence from 745 to 678 mbsf includes abundant
transported plant matter, coarse pebbly layers, and bioclastic
material. Toward the base of this unit, calcareous mudstones
and sandstones and silty, bioclastic limestones contain well-pre-
served mollusks, some of which are still articulated and evidence
little transport before deposition. Bioclastic material decreases
in abundance and coincides with more sandstone intervals and
pebbly sandstone, and with the development of conglomeratic
zones that contain clasts of milky quartz, metamorphic rocks,
volcanics, micritic limestone, and chert. Benthic foraminifer and
nannofossil assemblages indicate shelf depths for the deposition
of this sequence. The interval from 745 to 764 mbsf contains
predominantly dark olive gray mudstones, with minor siltstones
and interbedded nannofossil chalks and marls. Foraminifer fau-
nas indicate depths of 150 to 500 m. The last sediments recov-
ered from 764 to 769.5 mbsf are composed of interbedded sand-
stones, siltstones, and mudstones, with abundant plant material
and foraminifer assemblages indicative of shelf depths. A chert
pebble at this level contains a planktonic foraminifer fauna of
Cenomanian age identical to faunas of Albian to Cenomanian
limestones and cherts of the Central Andes and the onshore Ta-
lara Basin. Planktonic and benthic foraminifer faunas through-
out the Eocene sequence show close affinities with those of the
coastal basins of Peru. Sedimentation rates for the Eocene sec-
tion are approximately 12 m/m.y. and are indicative of breaks
between pulses of sedimentation.

Site 688 provided the most extreme geochemical gradients of
Leg 112. Maximum values of alkalinity, ammonia, and phos-
phate exceeded previous records for DSDP or ODP sites. The
upper part of this hole showed downhole interstitial-water pro-
files similar to the other deep-water sites of Leg 112, except for
the very high gradients. The near-surface, sulfate-reduction zone
was very thin and contained sulfate only to 30 mbsf. Methano-
genesis and carbonate diagenesis dominate both inorganic- and
organic-geochemical profiles in the Quaternary sequence.

Predictions were that the methane generated in these sedi-
ments would be present in the gas-hydrate phase; Site 688 pro-
vided one of the best-documented occurrences of gas hydrates
to date. A large sample of gas hydrate, filling several centi-
meters of the core, was recovered from a depth of 141 mbsf. The
samples consisted of gas hydrate and mud in a heterogeneous
mixture. Although equilibrium pressures were lower than for
samples at Site 683, the large samples provided excellent mate-
rial for gas and water analyses.

The hiatus at 350 m marks the boundary between the signals
from two very different bodies of interstitial water. This can best
be seen in the chloride profile, where a distinct freshening of the
water is observed below 350 m. This freshening may indicate di-
lution by water that originates at depth from dewatering of sub-
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ducted sediments. Mg?* is replaced in an exact molar ratio by
Ca?* through the lower part of the sequence, which suggests re-
action with volcanogenic or basement rocks. The CDP-1 seismic
record and the subsidence history at Site 688 strongly suggest
that continental crust underlies the site. Deeper reflections in
CDP-1 indicate the presence of a subducted oceanic crust below
8 s two-way traveltime. Thus, it is possible that the interstitial
water records both dewatering of subducted sediments and reac-
tion with basement rocks.

These pore-water characteristics are reflected in the sequence
of carbonate diagenesis. Calcite and dolomite occur as authi-
genic phases at Site 688. The upper 75 m of the section is domi-
nated by precipitation of calcite with a corresponding decrease
in the calcium content and increase in the Mg2*/Ca?* ratio of
pore waters. Lithified carbonates first become common at 422
mbsf; between this depth and 660 m, dolomite is the main au-
thigenic carbonate phase, and the magnesium content and the
Mg?*/Ca?* ratio in pore water decrease rapidly. From 660 to
779 mbsf, calcite again becomes the major authigenic carbonate
phase within a zone of increasing calcium in pore waters, possi-
bly derived from the underlying subducted sediments. The lower
part of this zone shows extensive calcitization of sandstone and
numerous calcite-filled veins.

The methane/ethane ratio also shows the differentiation be-
tween the thick Quaternary sediments and the older sequence.
The ratio continues to decrease to values well below 1000, except
for a sharp increase at approximately 650 m, which corresponds
to the middle Eocene sandy sequence at the top of lithologic
Unit III. This sharp increase probably records a zone of gas mi-
gration. The high methane/ethane ratio indicated a biogenic or-
igin for the gas, so that there was no danger in continued drill-
ing.

The paleomagnetic results for Site 688 proved to be some of
the most interesting encountered during Leg 112. The Brunhes-
Matuyama boundary was found near the base of Core 112-688A-
8X. Below this level, no correlation with the biostratigraphy
could be established. However, the excellent correlation between
a strong normal magnetization and the presence of possible iron
monosulfides suggests overprinting of the magnetization through
a diagenetic process related to the production of monosulfides.
The production of such a thick sequence of monosulfide-bear-
ing sediment is difficult to explain, but is probably related to
high sedimentation rates, methanogenesis, and the limited avail-
ability of metal cations for sulfide formation.

High sedimentation rates also strongly influence physical
properties at Site 688. Although water content is low in near-
surface sediments, compared to sites where more diatomaceous
sediments dominate, the water content shows a relatively slow
decrease with depth through lithologic Unit I. Bulk densities
and seismic velocities thus remain low to depths of 350 m. The
slide-deformed sequence of lithologic Unit II is characterized by
erratic but lower water content and correspondingly higher bulk
density.

The early and mid-Eocene sequences record an influx of base-
ment-derived clastic sediments to developing basins of shallow
and shallow-to-intermediate depths founded on continental crust.
The facies involved suggest a fault-controlled fan-delta environ-
ment. Alternations between clastic and biogenic sedimentation
were probably associated with pulses of fault activity. The mid-
Eocene to Pliocene environment at Site 688 is unknown. The
area must have subsided to mid-slope depths by Pliocene-Qua-
ternary time, however, when the allochthonous Pliocene-Mio-
cene sequence was emplaced as a sediment slide. The slide block
was derived from the area seaward of Lima Basin because the
upper Miocene and perhaps most of the middle Miocene eroded
from the Lima Basin area. The Quaternary sequence records
rapid subsidence and deposition as infill of a fault-bounded
slope basin.
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1~ l Clay s 25 3 w2 oz 17
=15 [ - I T =
a a Calcite/dolomite = 7 3 3 10 5 5
] P Accessory minerals - - = 2 = = 1
S I ite: T 5 L 2 - 1 2
-~ Homblende - - - 5 - - 3
1 Pyrite — - — 3 - 3 2
2 1~ *| Micrite = = = k= = = H
I b=, 1 - v T 40 T W 20 2 15
[ L~ r Nannaolossils - 3 - - 10 5 2
= ale il Lusl Diatoms 40 — 40 5 15 50 25
= = 2 P - Radiclarians L - L - — — 1
E el - ol Sponge spicules - - - T - 1 ™
2= 1. 1 Silicoflageliates T _ T —_ - — =
= =i EEYS Peliets? 15
< O | 4 . lets? = - = = - =
2 . 1.7 b
(=] -4 .
i (e !
1~ |ets
B " o
1 ‘
4 =~ o
-1
1 ~r
—
Jr *
- -
b
g - v t
-] 1~
P?-i : Mag
~ - )
. .
_g P 1 ~ B t
=] @ 4 ]
= b3 - ~l = @
3 7 |6 J~ =4
= 4 e
) . o~ L] =1 t
- - = by
> >3 1 ll=1
sl-1515 I~ =1
cle| | B o= =] ®
o M .
= 50 4 A RS,
- g B~ ] Dol
o N gD 7 1~ 4= 4 ‘
J|Z| 3|0 ] ]
olz|o|n J4. =1
| | | * = i )
IC 4 4 1=
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SITE 688 HOLE A CORE 3H CORED INTERVAL 3837.6-3847.1 mbsl; 17.8-27.3 mbsf 688A-3H i 2 3 4 5 6 7
BIOSTRAT, ZONE/ .
= | Fossic characten |, | 8 HF
5 Elale c|& I
¥ luw|lZ|s ¥l GRAPHIC 8
glslelz " Slgf&f | | wmoloor [g g N LITHOLOGIC DESCRIPTION
NHHEHBEHAHHE: HEE
R HELE 18|88 HHE
L ||| alajo|e ] a|é| e
4~ Ig FORAMINIFER-BEARING DIATOMACEOUS MUD
iy
1~ 4 i Major lithology: foraminifer-bearing dialomaceous mud, dark olive gray (5Y 3.52) 1o
05— dark greenish gray (5GY 4/1), extensively bioturbated with small irregular patches of
i [ monosulfides and pockets of sponge spicules throughout. Sight color changes from
1 ] VL| lighter 1o darker.
b v = t Minor lithologles: )
- 4 1. black {5Y 2.5:2), monosulfide-nch dialomaceous mud
= o~ L| [Z] 2. grayish (N 4/), quartz-feldspathic ungraded sand.
0 1 3. brownish gray (5Y 4/1} benthic-foraminifer-bearing turbidite
=
° ] Vvl'L t SMEAR SLIDE SUMMARY (%):
- -
P :\ful e 2,78 3,117 5100 6,14 6 111 7,63
- = 0 M D o D D
2 2 i “ TEXTURE:
1w b
J Sand — 85 - - 10 -
1~ I Sin 65 15 65 50 40 35
3 [ t Clay s — 3 50
'V_u_]‘ COMPOSITION:
1~ M Quartz 5 20 15 5 7 2
4 ® Feldspar 5 20 15 5 7 3
1=~ 1 j Rock fragments - 15 — 2 2 1
e I I Mica — - — 1 1 1
3 1. W lsde Clay 35 - a5 52 34 64
° 1 A Volcanic glass - - - 1 —_ 3
= ¥ 1L Calcite/dolomite 5 - 8 3 3 -
< 5 [=s] , | Accessory minerals — 10 — e = —
- 1 ‘-’l Glauconite - 5 — 1 1 -
s 1 P - 2 3 5%
o o 1 | { Homblende - - = 1 1 =
<< wl|® 4 %c:lpllam - - - 2 S 2
ol 4 IL ite — — = A 1 2
z =0 1~ ® Foraminilers 10 25 7 1 20 2
w S o P 1] Nannofossils L T - 15 3
- e 4 i Diatoms 40 - 20 20 5 15
= @ q.- Radiotarians - = = 2 1 1
=] I ‘ Sponge spicules — —— T 1 1 e
o 1 Silicoflageilates = E o=E= = s 1
o
I {
K VE
- L
- L] I
141
- W
i i i
5 d~r
. ] ;
— *
3 1™ {
5 ] 06
@ =S E
e @
H ]
of | |2 3 .
o .
|7 B é
2 6| 3
3 g /!
° B zmax
= =
© N
2 3 o
= N
oy B ] t
o @ J
o Q -
e
ol3(3 ] 1]
) 6 Sl @ 71 4
o =1k .
Zz|Z|o|a ] *
% |*|* cd
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SITE 688 HOLE A CORE 4H CORED INTERVAL 3847.1-3856.6 mbsl: 27.3-36.8 mbsf

BIOSTRAT. ZONE/ “ i
L | FossiL CHARACTER | , | w g @
3 - 2l 2|8
- E 2 g &g GRAPHIC HE
o= a
§ HHE . g g E 2| 4 uimiotocr | g § p LITHOLOGIC DESCRIPTION
= 3 I 2
HHEHBRHRHEE EIME
I EIEHEH HEFIE IR S § =
" z -3 =] o & o “w 3 o 7]
E \‘J_ = t # | FORAMINIFER-NANNOFOSSIL-BEARING DIATOMACEQUS MUD
1 Major kthology: ini bearing mud, dark greenish
o5~ [ gray (5GY 4/1) to greenish gray (5Y 5/1) and dark olive gray (5Y 3/2). Moderately
1Al t bioturbated with small imegular palches of menosulfides and pockets of sponge
1 3 e spicules throughout.
™ 1oL ‘ * Minor ithologies:
* - 1. quartz-feldspathic, ungraded, well-sored sand, Mica is abundant, Associated with
& 9 efosional fealures.
8 114 t 2. brownish gray (5Y 4/1), benthic-foraminifer-bearing furbidite
e 1ML l SMEAR SLIDE SUMMARY (%):
o 4
:} :‘\-L 1,10 1,82 38 3,137 581 CC 12
Q - M '] o M M o
- 1~ /}1
2 1 @ TEXTURE:
1
a4 ‘ Sand = 5 — 50 80 @ —
Ny Silt 45 50 0 40 15 50
1 @ Clay 55 45 70 10 5 50
I Mad COMPOSITION:
1, 1z Quartz — 5 5 20 25 10
4 W r —_— —_ — (3 25 -—
1~ Rock fragments — — — — 20 —
= * | Mica - 10 5 5 T 5
al 3.07: & | Cay 2 10 2 w0 5 -
. 1 14- t olcanic glass - — - = - T
@ b 2= Cailcite/dolomite 10 20 20 30 T 40
@ 1™ ) Accessory minerals i ik i s 10 e
° ] —L-| Iron sulfides 10 - ™ 10 L —_
N 4 ! i — T — — iy oy
> - 1 * | Homblends — = T T
o o 1 Foraminiters 15 - 10 20 15 5
< " i 1 Nannolossils 25 T 10 L - 15
= >4 ey E Diatoms 20 50 a0 - - 20
m c = a4 = Radiolarians — - T — - -
- 2 Y Spange spicules - T T = = 5
- 5 4 ek Siicollageliates W 5 T - - T
5 s Fish remains — - - - - T
4
i ERN t t
-4 7]
147 - H
5 1.
] m
2 1
.
- 1M —
| s 114 =
0 - b W
- -4 B4 I
i LY
. 1 +
(=
= -~
o Ny I
© 4 (2]
=1 -
s 6 xjj
"6 -
b1 1~
= L
o LL
= 3 ~
SBE 1. ]
© 3
c o ] t
-1 g 1~
ol® (3 71 1 t .
NNl o (1] -
™NlZ| 2 0 3™
z|z|o| |a el 4 MHE *
* | % | * 1~ 1=
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SITE 688 HOLE A CORE 5H CORED INTERVAL 3856.6-3866.1 mbsl; 36.8-46.3 mbsf
BIDSTRAT. ZONE/ - s
L | FossiL CHARACTER | , | W 2lm
z N S|
- |8l2]e 7 § " o2
H I B GRAPHIC a
§ ; § E w g g E z LITHOLOBY e ; " LITHOLOGIC DESCRIPTION
NEIEIEE HINS EAE - Si=| 5
g 12|1£|15(5| |ule|E(E]| " 2lals
- o = | = = - x x| w al -3 w -
[ | = a a & oo 3 a w | o
b t DIATOM-BEARING FORAMINIFER-NANNOFOSSIL MUD
] Major lithology: diatom-bearing foraminifer-nannofossil mud, dark olive gray (SGY 3/2)
0.5 t to olive (5Y 5/3) and dark greenish gray (SGY 4/1) lo greenish gray (SGY 51)
B Extensively bioturbated with small dots of monosulfides and sponge spicule nests
1 ] t * throughout.
1.0 Minor lithologies:
- 1. quartz bearing sandy turbidite, brownish gray (5Y 4/1)
L] 1 Ll Sequences are 5—10-cm thick
L | 7 2, vary finaly laminated sandy to silty detrital matenal. Imerbedded with mud, < 1-mm
td Ll thick.
. B
E-3 - SMEAR SLIDE SUMMARY (%)
@ E jaes
:? A 1,75 2,118 4,48 7 27
0 - ! D M M o
= 2l 4
L] 1 TEXTURE:
E1 l »| sand 5 30 85 -
B Sitt 40 0 30
] Clay 55 30 5 70
- COMPOSITION:
- B Quartz 5 30 20 5
_‘ e Feldspar 5 10 20 —
B Rock fragments — — 25 —
3 p Mica — — T 5
B Clay 30 — 5 30
h wasl Calcite/dalomite 10 % - 20
- Pyrite b — - _
3 [ses Hornblende - 5 - =
3 Phosphorite - - 5 —
> o - Foraminifers 5 5 15 T
T als ] I Nannofossils 0 15 - 2
= o|n 3] laasl Diatoms 10 - - 20
o lé - 4 1 Sponge spicules T - - T
i S|~ g #* | Pelleis 5 - - -
- [ - [
= o 4 ]
2 ! B
a
B E l
5 3 ‘
@ ]
S
N ] ‘
S ]
S 6 3 &
g -
5 ey t
=~ ]
5|2 ]
c|le 7
L |
«2[2]8 ]
NMEEE I *
Zl|z|o|= -
LAEIE AR lcc 3 X

688A-5H

1
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SITE 688 HOLE A CORE 6H CORED INTERVAL 3866.1 -3875.6 mbsl: 46.3-55.8 mbsf

BIOSTRAT . ZONE/ . -
£ | FoSSIL CHARACTER | ,, | W E @
E glale HE 5[2
wls GRAPHIC a|e
HAHE é . g % 1R ot | 2|8 ] s LITHOLOGIC DESCRIPTION
= 3 ' @ = W
MHEEHHBHAHHE: 3|l
Z|18|1%|19)|= FE(E8] & HEFE
le|lzle|a 2|E|8|8) = ]
o t FORAMINIFER-NANNOFOSSIL-BEARING DIATOMACEOUS MUD
<4 o
= @ Major lithalogy: mud, dark g ish
05— gray (5GY 4/1) logmnmsn gray (5GY sut;
A @ rare isolated lo very abundant sponge spicule nests wﬂll Irregular nllcr‘os of
1 b monosulfides associated with pyrite.
0] Minor lithology: quartz-rich, ish (5Y 3:2), intler-bearing
- turbédite.
- -
o = I t SMEAR SLIDE SUMMARY (%):
"
- n e 2,50 2,13 4.54 578 7,39
e 1~ @ D D D M D
- .7 TEXTURE
- 1~ ‘ *
. 2 4 A Sand — - - 30 5
4~ Silt B0 40 60 20 35
- ® Clay 60 50 6
JLE ‘ COMPOSITION:
41 F -
. I—L Quartz 5 15 7 20 10
3 - Feidspar 5 5 8 5 —
41 .k Rock fragments - 15 — - -
4 e Ih:a -_ T _— 5 10
11 E 30 30 40 10 30
= Cnldwauta-nus 10 10 10 30 —
3 14 F ‘ Accessory minerals
J1F Pyrite - 7 - - 5
-1 = Opagues - - 5 5 —
=] - Hombilende - —_ 5 -
= ® Foraminifers 15 2 15 10—
ﬂg Nannofossils 10 1 T 10 15
- - W Diatoms 25 15 15 - 30
> - ] Silicoflagellates T T T —_ -
~
E:t ol ] [
= Sle 4
o cl8 B *
w S|4 4 I
- [ b n
- o |~ 4
g L] -
1 (=]
] 06 l
-
i e » I
g A
& 3 t
& ]
sl | | 3 !
| [o] 7 ‘
. ]
¢ E l
o n
g d ; 4
38 l
@ e E
HE 3 .
HE R 71 g
o~ Py ] @
~|z| 5| ]
HHEEB -
ccl l
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SITE 688 HOLE A CORE 7H CORED INTERVAL 3875.6-3885.1 mbsl; 55.8-65.3 mbsf
BIOSTRAT, ZONES ]
T |FossiL cuamacTER | @ la
5 Tw 2 1 |
@ = 2
] g HE g8, miwme )& LITHOLOGIC DESCRIPTION
21|58 |a -4 § -3 LITHOLOGY @ g "
AEIRIEI I EI R Zlals
wilZIlglele wlelalrs] w =D
T HEI I REH R B R
- la|lz|lx|a ala|d|a| = oo
- FORAMINIFER-NANNCFOSSIL-BEARING DIATOMACEOQUS MUD
Major lithology inif dossil-bearing di mud, dark olive gray
0.5 - (5Y 4/1) to olive (5Y 4.5:2) and dark gray (3Y 3/2) to greenish gray (SGY 5/1)
-~ patches of with pyrite (3 to 15%)
1 34
: '_u Minor lithalogy: quartzo-feldspathic, brownish (2.5Y 3/2) turbidite, with 14 well-graded
T g ghout core. D ing vein
] ¥ SMEAR SLIDE SUMMARY (%):
% 1
L L .57 1,128 3. 23 6,143
o 4 [+] M ] ]
- 1~ TEXTURE
2 I~ Sand 5 a5 5
- 2 1 - Sitt 50 5 2 55
- A~ Clay 4 40
0 4
o o~ COMPOSITION
o -
= - -I Quartz 4 20 10 4
. ] V_'L Feldspar 8 15 10 10
4 Rock fragments B a0 5 5
1~ Mica - T — —
4 - Clay 30 T 20 28
1 Volcanic glass 2 b - a
- 4 Calcite/dolomite 5 - [} 5
] 4 Accessory minerais 3 3 - 3
1 - Pyrite 3 15 7 4
9 Phosphate — 5 — .
bt Amphibole — ] - -
4 7 Foraminiters 5 2 15 8
4~ Nannolossils 4 L 5 2
o 4 - Diatoms 28 - 20 26
o ol Radiolarians T - i 7t
E - 1 spicules — T — 2
< o 2 4 Silicoflageiiates A - - T
= c 3 4
= 4
[ 5|@ 4 1~H
< @|3 1~
= L] .
= [ =
o 1 ~r bl
- V-J—
3
i g
s| 1 1,
-~
JEZT |1
=i ~rH l
T L
" . 11 | oo
RS o —
3 6 1~ t
0 1 7
oA
= . N
o ™~ b -\.r_J- ‘
1 S 1~ ¥
o >3 +4
5. RS 1Y
ol | E|S 2 3 {
=1 N 1~
slz| 3| E R
HEES 4™
ww|wlw d Ak I
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SITE 688 HOLE A CORE BX CORED INTERVAL 3885.1-3894.6 mbsl; 65.3-74.8 mbsf

BIOSTRAT. ZONE/ .
= | FossiL chamacTER | , | & 2w
£ ulE 5l
M sl= ElS
g Ak H g, sraewic | & g LITHOLOGIC DESCRIPTION
2ls|5]8 S E|E] . LitHoLogY | o | & |
NHEEHREHEEEE HHE
¥l= =% Wl e 3| e W 3118
2 |lz|2|o)a 2lzlulel & zlel2
2|25 z|E|5|8| % HELE
; o4 * | DIATOM-BEARING FORAMINIFER-NANNOFOSSIL MUD
. 1 ~
-4 1-- Major lithology: diatom-bearing foraminifer-nannolossil mud, olive green (5GY 4/2) 1o
& 05— - dark olive gray (5 3/2) and very dark brown (5Y 2/2). Moderately bioturbated, pyrite
4ar associaled with monosulfides.
- 1 ]
S = Minor lithology: black (5Y 2.5/1) graded sand, bearing quart
. ~ turbidite
o= L I *
= | 4~ SMEAR SLIDE SUMMARY (%):
<
= 2 1 1,10 1,105 3,14
[ 4 m 4 Al D D D
b 1 L
:; @ 1™~ TEXTURE:
= 1
3 ~ q~ Sand 15 5 5
% 2 4 Sl 45 40 50
E o = Clay 40 55 45
oD i N
o|lc|s N p g COMPOSITION.
- g € 1
215|5 = 3 Quare e s s
& o|2 E K Feldspar 5 4 2
al® ] Rock fragments. 5 T —_
o =1 3| I~ #*| clay 29 40 15
z|S|o|= = Volcanic glass 2 - =
AEIEAE] cC 4 Calci 3 2 20
Accessory minerals A L -
Pyrite 3 10 2
Foraminifers 30 - 5
Nannofossils 5 — 20
Diatoms. 15 35 30
Radiolarians T 2 1
iy T el
Silicoflageliates 1 2 T
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SITE 688 HOLE A CORE 9X CORED INTERVAL 3894 .6-3904.1 mbsl; 74.8-84.3 mbsf
BIOSTRAT. ZONES ;
= | FossiL chamacTER |, | B g @
3 AR g = ElS
SEIHE H s suenc | 3| 8 LITHOLOGIC DESCRIPTION
gign;rg qg;‘::”urum_oc\' g?_m Had
RHHEEBRHAHHE 31%|3
I |a|l=z|5|= 2l zl¥|g| & 2lal3
22|88 sla|s|a| g A
1~ = FORAMINIFER-NANNOFOSSIL-BEARING DIATOMACEQUS MUD and IRON
1 v E MONOSULFIDE-RICH FORAMINIFER-BEARING DIATOMACEOUS MUD
I~ 1= *
os5— =~ 4 Major lithology: Sections 1 through 5: U b
qr 1L mud, olive gray (5Y 4/2), dark olwe yay {5Y .’12‘} and dark gray iSY 31). Moderately
1 1 ~Aq ] I » pyrite
A 0—- w1l Sections 6. 7, and CC: iron i h i for-b mud,
4 ™~ 4 black (2.5Y 2/0). A Nate: with no symbal is pyrite/
EEV NN ‘ monosulfides.
N A -
i VR Color change from black (2.5Y 210) to olive black (5Y 2.5:2) which occurs in 1 o
4 =d ] several hours is related 1o oxidation of iron monosulfides.
2 1 V_U‘J"- * Minor ithology: diatom nannofossil coze. Sections 1-5
2 i ‘ SMEAR SLIDE SUMMARY (%):
. 5 d 1 ]
- - {1 1,27 1,87 2,39 6105
o 1 ] D s} M D
- = L
0 A t TEXTURE:
- 4 1
. 4~ H- Sand 20 5 15 15
1 -~ - Silt 45 56 50 40
1~ - t Clay a5 a5 45
- = B
1~ 1 COMPOSITION
i W,
3 ] {1 Quartz 2 2 10 3
kBt ‘ Feldspar 5 5 5 8
B =1 Rock fragments 3 2 - 2
S Mica = = 5 =l
b ‘ Clay 15 15 25 29
I~ - Voicanic glass 2 = e 3
> ™ =4 4 Calcite/dolomite 4 - = 2
E o e Rl Accessory minerals
= = 1 -4 t Pyrite /monosutlide 5 2 5 3
o - = P N Amphibole - - ™ -
w 4 A Foraminifers 30 10 - 25
= b — 1 Nannolossils 2 20 — 5
< < e - { Diatoms 0 4 4w 20
] B Radiolarians 1 2 7 —
L= “: J~ 1 Sponge spicules — 2 2 T
- Silicoflagedlates 1 T 1 T
T L
] oG
pEVS “J__ t
: B
e 1
5 i Ke! 0
q~ 1L t
- =
I~ t
- e
] 3 KVE]
W
- —
1 =
gy
g 8 o
- R
6 i Y —
N - T
Fes o~ i s
= % E 4 B *
- . - —3
c|g i~ 1 -
=4 B ~ ]
ol @le
of=|®"|" 1.~
N|IZ| D]l 7 - -
HHHE N
cc ‘__' =4 P -
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SITE 688 HOLE A CORE 10X CORED INTERVAL 3904 .1-3913.6 mbsl: 84.3-93.8 mbsf 68BA-10X 1

BIOSTAAT. ZONE/
£ | Fossie cramacten | | 8 g2la
2 eTale 218 i
AR THE wlg| GRAPHIC HE - By
g|:(8|z], HHHB ot | SR LITHOLOGIC DESCRIPTION
mEIEIFIE H R ey
wl=|z|2|2 Wlw|F|E| w 41 .1 &
= la|Z]|8]|% al=la|le]| = =lal3
- o - - - - T I i e @ w -
™ = = (-] e a o “ 2 -] w | o
EEV_ T * FORAMINIFER-NANNOFOSSIL-BEARING DIATOMACEOUS MUD
1
1~ W Major lithology mud, black (2.5Y 20)
05—~ A Pyrite and iron mmlhderhch Rapid onlnr chanue after core spliting related to
1o W otiron i - Note: ith no symbol
~ 1 1 - * is pyritemonosulfides.
@« - [
@ 1 o VU— Minor lithology: rare sponge spicule nests, 1 1o 5-6 mm.
© i
= 1~ H SMEAR SLIDE SUMMARY (%)
b 1
e ~r I 1,17 1,80
- 1 M
» ] L
> = 1 TEXTURE
e —- =1~ H
= - Sand - 5
= 2 2l 4 S 2 65
o clm 1~ H Clay 8
L ol|™ =4 -
= E I_U'" o J_‘ COMPOSITION:
= o= 7
g - 1 W Quartz - 4
@ ) =4 Feldspar — 6
c w - Rock fragments - 2
o . 1~ Clay = 25
@ M B 4 ™ Calcite/dolomite T 3
o = ?‘- I~ H Accessory minerals - 3
2lslsds 1 Pyrite 85 6
cloe|cls 3 EE i Iron sulfides 15 -
4 P Ry B 1 ~q Foraminifers — 10
o = el B - Y Nannotossits = 2
Do 2w B Diatoms =3 ar
clal® - 4 Radiclarians b —
s|8|3|s il Sporge spicuiss LI
S % ~ Sosmre B -
CC| ~ |
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SITE 688 HOLE A CORE 11X CORED INTERVAL 3913.6-3923.1 mbsl; 93.8-103.3 mbsf
BIOSTRAT. ZONE/ #
= | FossiL cramacter | , | & AR
H el £l -
a|o]w == =S
A EEE THE cmac | 315 ITHOLOGIC DESCRIPTIO
g ‘é g E|, E elal u LITHOLOGY g g @ & i "
e IE 3|l |22 & N
<2122 wlew|F|= w < &
=z g|lZ|a|la 4= wlw - z|lal=
S |8|=|S |2 x| w|l w ik
=] [ = = a a & o w -3 o w w
S| * FORAMINIFER-NANNOFOSSIL-BEARING DIATOMACEQUS MUD
3 * Major lithology: i bearing mud, black (2 5Y 20).
0.5 Pyrite and iron monosulfide-rich. Rapid color change alter core spiitting related 1o
g t o ol bioturt: MNote with no symbail
1 ] s pyrite/monosulfides.
y 0_' ‘ » Minor lithology: rare sponge spicule nests, 1 1o 5-6mm
o - ! SMEAR SLIDE SUMMARY (%):
] 1,4 1,93
- ! M D
] TEXTURE:
= t Sand 5 1
2 . Silt 40 34
1 I Clay 55 85
= COMPOSITION
{4 vowe Quarz w10
1 Feldspar 10 10
B 7T Clay 30 45
- 4TI Calcite/dolomite 10 2
=] 1 1 Accessory minerals
- = Pyrite 5 5
~ = - =1 Glauconite T T
e 3 1~ E—=1 l Homble: — T
{4 4 1IEk—4 Foraminifers 5 2
n 1l =4 Nannofossils 5 -
- 4 q1kE=4 Diatoms 25 25
- 1l E=3 Radiolarians T -
. 4" HEZ=4 Sponge spicules T 1
voID
- | VM e
E = . VoID
] =T~ . 4
2 £ J THE=S
& = o
b= = =
= - 1 voio
=] 1 =
5 3 = ‘
3
6 dar e
J=r L o
& . vOID
© o
' 1 vop
= IonrE
o Vol
L Y,
iz -
. 7 I~
%
B gy

B68BA-11X
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SITE 688 HOLE A CORE 11X CORED INTERVAL 3913.6-3923.1 mbsl; 93.8-103.3 mbsf

688A-12X
BIOSTRAT . ZONE/ .
= | rossiL cuaracter |, | © 2l
A0BORRHE 5|2
R E R K Y GRAPHIC alB
§ % § g, g § E . LiThoLoeY | g 2l a LITHOLOGIC DESCRIPTION
S l1318]1213 2l .||z B =|=|4
3 |2|E|5|% “lelEls] & 2lal§
=225 |58 8 ]
cont .,
.
o~
L
~
> wl [-|5% ‘
o e - -
=1
; ) ~N el
& |~ - = l
ST g }6 =
: ' c|S =
o |8 |28
L= B v B l
h= AR
c ® -
=3 3| .
Clom|lo|= I
LR AR 2R
SITE 688 HOLE A CORE 12X CORED INTERVAL 3923.1-3932.6 mbsi; 103.3-112.8 mbsf
BIOSTRAT. ZONE/ :
T | FOSSIL CHARACTER | .. ] o m
-] . ol I
- @ - -]
« 22|82 L w | 2
I H GRAPHIC o
§ & ] g, 3 Ik . vimiioes | ol " LITHOLOGIC DESCRIPTION
NEHEEE 2 |elz| & HEE
R IE B REIHETHE 38
=|2|2|2|a f|E|&|8] = HEE
1™ ] I FORAMINIFER-NANNOFOSSIL-BEARING DIATOMACEOUS MUD
- .
lac - Major  foraminif i bearing med, black (2.5Y 2/0)
0.5 - Pyrite and iron monosullide-rich. Rapid color change after core spiitting related 1o
dner = 4] f i y b d. Note: with no sy
; o o 1 ] 2 7] is pyrite/monosultides
; s % n 1'0:" = t - Minar fithelogy: rare sponge spicule nests, 1 1o 56 mm,
™~ E|lo s 7]
& - <1 515 4~ 23] SMEAR SLIDE SUMMARY (%):
= = 5 cle 1 r
- m | > - w 1,98 CC.15
> 216(2 [T]= E 0 M
° = cls 0 h l TEXTURE
e S 7 :
N =2 4 {
MR N Sand 5 10
z|<|a|= E sit 80 35
* % %= ccl » | Clay 15 55
COMPOSITION:
Quartz 5 4
Feldspar 5 4
Clay 15 40
Calcite/dolomite 5 5
Accessory minerals
Pyrite 15 2
Iron sulfide 15 —
Foraminifers 15 10
Mannofossils T 5
Diatoms 25 30
Radiolarians T T
spicules — i
Sikcoflageliates T —
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SITE 688 HOLE A CORE 13X CORED INTERVAL 3932.6-3942.1 mbsl; 112.8-122.3 mbsf 688A-13X
BIOSTRAT, ZONE/ " . -
Y | FossiL cHARACTER ® o
e 8% 2§ 5
AHEHE gl GRAPHIC H o
g |& iz gz Unioer | I o |2 L LITHOLOGIC DESCRIPTION
HHHMEI R EH AR 10-
w|3I|g|e|8 Slala|E] & 310 ]e
X |a|F|5|5 2| =|lu|le] = Zlel3
= |2|2|&|5 NEARA R - Ele|a |5
1 14.1=13 FORAMINIFER-NANNOFOSSIL-BEARING DIATOMACEOUS MUD
4 Ein
il 4,12 Major lithology: bearing mud, black (2.5Y 2/0), 20
0.5 == i Pyrite and iron monosulfide-rich. Rapid color change after core splitling related 1o
o A 1 * dati of iron osulfich Mo .'
1 ™M =S 25
A de1=1 Minor lithology: rare sponge spicule nests, 1 1o 5-6 mm
1.0 T1=1 ,
T 1 =1 l SMEAR SLIDE SUMMARY (%) 3 O
© oA 41—=1 1,50 2,86
: 17| — 1 o M 3 5
B d -
% I B TEXTURE
- T g 4
- A e = Sand 10 10 0 N
" i B = Silt 35 40 -
12 M HET (] | cw $ 50 45
o o U s | race »
. A L_;_ 7 COMPOSITION:
i P a1 t Quartz H 5 9 0 =
- 1 ) Feldspar 2 5
=] - T Rock fragments 3 4 =
] - =7 Clay 30 30 55
™ J—L' B Calcite'dolomite 10 10
1. s v = Accessory minerals ~
N — 1 — Pyrite 8 2 60-
i = Iran sulfides 10 5
3 n VoI Foraminiters 15 10
e 1 ) Diatoms 20 25
i B Silicoflagellates b3 T 6 5
— vOID
| A0 S - S—
b VOoID ?0
> b =
14 = i
= g :V‘LLJ"' i 15-
5 ‘g - voID
> £ O 2 = e 80
~ ]
] 4 . VoID
“ = 85
—‘V_L‘L
1 K 1=4
L1 =4 95
] voID -
| I
T 105
L=] A r—
b ET |y 110
f5: ™ Al — 7 5
e A = : ] ' 5 r
SHIIE =7 |8
k=l - - 7 .
[ i 8 TA UL =13 |2 0
i e el =4
AE THET | 125
5|2 114 =3 [y
ofE|S ™ 1= 130-
P el B e A-H 1= -
- ® R 2 1=
o~ = 2 o R -
z|z|a|= ] MY, 4= |35 !
| %] ®|* ccl - Q‘_rP: t |40

145-
150

889 HLIS
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SITE 688 HOLE A CORE 14X CORED INTERVAL 3942.1-3951.6 mbsl; 122.3-131.8 mbsf
BIOSTRAT. ZONE/ )
= | FossiL ewamacten | | 8 o
z o | = 3| &
ER I EI = sl 2
x|&)z|2 wlg GRAPHIC 2|5
§ ; 8 g - 5 g E . LiTHaLDEY ¢ 2 " LITHOLOGIC DESCRIPTION
= @ =
NHEEHHREAHEE HEE
2 le|lz)a|a« S = wfe)] = Zlal=
= |2|2|&|a F|E|E[8| = |83
- " +.L: - FORAMINIFER-NANNOFOSSIL-BEARING DIATOMACEQUS MUD
1A J_LE ! Maior lithology inifer-na bearing mud, black (2.5Y 2/0)
0.5+ g Py_ma and iron monusmhda-ndl__ﬂaw oolor_ change after core splitting related 1o
; : - __1,_: of iron Iy
. 1. Lk i Minor lithology: rare sponge spicule nesis, 1 to 5-6 mm
o 104 ik
o - r SMEAR SLIDE SUMMARY (%)
o AL
° b - 114 1,130
- i o D
& =
f -4 TEXTURE
y A Sand 20 5
= 14 Silt 30 45
2 q Clay 50 50
A COMPOSITION:
] Quartz [ 5
" Feldspar 4 5
— Aock fragments L3 -
) [ — ] Clay 0 3
3] e ) Calcite/dolomite 10 5
- o 31 Accessory minerals
Al F = 7] Pyrite 3 4
a 1 T Ié:*inn sulfides 12 11
N — auconite — T
= 1 \’[-LL: e Foraminifers 15 10
: = Nannolossits T T
= Diatoms 20 25
i :—4— Radiolarians T T
- 1= Sponge soicules T ™
g =
> s B
E & ?; 3 ~l] !
= E IR% S
14 - 4 5 ‘
(51 = iy
- £ 4~
x - <]
= L 1AL
o .
] 11}
e 1L L L
'\fln‘l“"}l' —
4 voip
5 i
i -
2 -
- ]
~
M ]
=Y J
«© -
ey -
x ]
. = ‘
-] 5
7

RN NEEN

voID

cont.
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SITE 688
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SITE 688 HOLE A CORE 15X CORED INTERVAL 3951 .6-3961.1 mbsl; 131.8-141.3 mbsf
BIDSTRAT, ZONE/ -
T |Fossic cHamacTER | | w Blm
5 2|k 2| &
« 8|38 o|# a2
g (eld|z HEE e a2 LITHOLOGIC DESCRIPTION
3 Z|o|l« $ 3= =z - L L gl = e
A HEHEHEEHAHHE: 3%z
3(z|E|a|% gleld|s| B L
NI E d|E|5|8| 8 AR
. 1A= = A t CHATOMACEQUS MUD and GAS HYDRATE
3_ Al = X Major lihology: diatomacecus mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
© 0.5 (5 1o 10%). Rapid color change related to oxidation of iron monosulfides. Rare
[ - sponge spicule nests, 1 1o 3—5 mm, Extrame gas expansion due 1o gas hydrate
- 1 ] throughout the core.
2 oo voip SMEAR SLIDE SUMMARY (%):
1 N 1,20 2,27 714
- 1 D D M
g TEXTURE:
45 *
7 - Sand 5 5 1
e gl i Sit 35 30 —
4 1l Clay B0 65 —
2 4~ Kl
1 4 COMPOSITION:
N L
= CQuartz 5 5 —
- Feldspar 5 5 i
1 Rock fragments 3 —_ ~5E
7 voio Mica — T —
1 Clay 45 53 —
Caicite/dolomite 3 2 100
1 Accessory minerals
Pyrita 4 5 —
] VH: =X Iron suffides 5 = =
3 3 Nannolossils — T =
- Diatoms 30 30 —
1 Radlarians T - -
-1 voID Sponge spicules * T —
. Silcoflageliates - T —
> -
[+ 4 -~
< - A= 4%
= E L
o v 1
w o b
- e b
= = -
= ) 4 3
= 4
3 voID
5 p
et = rre— ¢
@ ]
c ]
o ]
o e s q o
b= g - L .
w - ~ 4
i .
2lelz|R s ==
o | ® -
x = 4
Blelele 3',_ 1 -H:
Dlole|g - ERTar e
clal® 2 — 3 "1',.
olc|3] - [} < ~rlA:
ol Bl el 7 1 4 *
LAE AE AR =
col 14

L¥6

GBBA-15X
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SITE 688 HOLE A CORE 16X CORED INTERVAL 3961.1-3970.6 mbsl; 141.3-150.8 mbsf
BIOSTRAT, ZONE/ o +
-
S |Fossi chamacrer wld g E
= lglgle g|8 L%
- = w| & =
¥ |E(5|= u GRAPHIC a
HAEEHER E glz | .| vmolosr |3 é o LITHOLOGIC DESCRIPTION
=3 b~
w|3(812]3| |&8|al5|2) E 3%
= glZz|a|a FEEIARART = =|lal|=
S B - - i|E|3|8)| % 8| &
4~ 7 DIATOMACEQUS MUD
b A
T Major lithology: diatomacecus mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
0.5 l (5 to 10%), oxidizing io olive black (5Y 2.5/2), moderately burrowed
= 1 . 'U_v Minar lithology: rare sponge spicule clots. 1 to 5-6 mm.
E 1.0 T SMEAR SLIDE SUMMARY (%)
5 -
-2 - . 1,26
- g B T D
n ra
- ] i : TEXTURE
L 1
™ 4 ! Silt 50
1 -4 Clay 50
4
2| 1 A4 ! COMPOSITION
i -
Quanz 5
= Feldspar 3
7 Rock fragments 2
- Clay 50
. ‘ Calcite/dolomite T
= Accessory minerals
] Pyrite 3
o fron sulfides 2
] Diatoms 35
=] Radiolarians T
3 ] voID Silicollageliates T
B oo i
. : !
14 . -
< ®
czr_, |8 4 ]
w s|2 b
= cl|'s q
= ol ot
3 L 4
o o 3
T ‘ KVE
- 5 w
. -
3 5 .
s ! t
~
N —
-
L]
2 -
0
. ] {
=
6 1
¥
1=
.
-
1| P
-
: W !
: v‘m cont .
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SITE 6838 HOLE A CORE 16X CORED INTERVAL 3961.1-3970.6 mbsl; 141.3-150.8 mbsf gaga-16X 8

BIOSTRAT, ZONE/ A ¥
L | FOSBIL CHARACTER | ., | w Eln o
el E B
5 glale cls ) 5 i
= 5|52 ¥la GRAPHIC a|lo i
g (e85 B it 2 LITHOLOGIC DESCRIPTION
2|z|2|5|g| [3[5[5[ze] " S HE 10
wl3|g|2le] |8|a|5|E)| & 3lsl8
I |z|=2|5|% Ylslulsl = dlal3 -
: o - - - - T I - "3 -3 w =
wlz|la]|a ala|u|e 3 &)@ | o ]5_
- 0.5 ;
> c ]
o ) i
-] ] volD
= - £ 1.0
% s [E ] 30
w > 2 -] ]
= | e £ b
< 8| = Pt N
3 €| £ ] { 39~
@ -
A 9 4
of © E 40_
HHHH 3 '
-
cd 3 { 45

100

105

10—

15—

120 |
|25f' o
130—

135

140 -
45— |
150— —d 2 1
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SITE 688 HOLE A CORE 17X CORED INTERVAL 3970.6-3980.1 mbsl; 150.8-160.3 mbsf
BIOSTRAT . ZONE/ 3
= | FOSSIL CHARACTER | & 2le
z ole 2 e
alole =le Elg
g|5[a(3 gE], caonic | 5| § THOLOGIC DESCRIPTION
s ; 8 E i 3 gl LITHOLAAT s ,‘=‘_‘ = Li THOI IC DESCRIPTI
IR 2|ile|s| & HEI
«|z2|2|2 wlw|F|= w = .| &
E HHEERE R HE
-~ s z o o a a o (7] E a|l®|le
= ——] t DIATOMACEOUS MUD
Major lithology: dialomaceocus mud, black (2.5Y 2/0). Pynte and iron monosulfide-rich
0.5 (5 to 10%), oxidizing 1o olive black (5Y 2.52), moderately burrowed.
1 5]‘ Minar lithology: rare sponge spicule clots, 1 1o 5-6 mm.
-
1.0 SMEAR SLIDE SUMMARY (%)
- .88 4,15 4,73
3 :I D M
hod u TEXTURE
. o4
- 1 Sand 10 10 2
2 A Sl 40 54 30
= Clay 50 68
7 |2 3
?;- COMPOSITION
] Quartz 10 5 T
4 Feldspar 5 5 L4
N Raock fragments 0 = ey
by Mica 1 -_ -
] Clay 36 36 10
4 Volcanic glass 5 2 T
4 Cailcite/dolomite 5 5 T
= Accessory mingrals
o ] Pyrite a 5 2
b 3 ] Apatite = 1 =
S b= - Foraminiters T — —
o =& 1 Nannolossils = = 57
=7 = ] Diatoms 25 40 30
= Ele 1 Radiolanians 1 1
o | 4 Sponge spicules 1 T T
() =15 ~ Siicotlagetlates 1 - —
- € [
< i N -
> ~|* }
o ]
4 ] *
-
-4
- voID
5 ]
o 4
@ - -
c
S 2 -]
~ ° 1
= = o
&l =D “ -
Oic|a 0 1
=% = :
w -
= o [ L 1. e
& @@ 6] AV |E
= B e 4 ~- t
@ -
cl 21 1~ -
m|Slao|l= 1 ~A4d
. w|ow| cdl 4~ | F
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SITE 688 HOLE A CORE 18X CORED INTERVAL 3980.1-3989.6 mbsl; 160.3-169.8 mbsf 688A18X 1

BIOSTAAT. ZONE/ .
= | Fossic cwamacten |, | 8 E @
E Malalo I 2|&
A E g8 e | 3|5
® - o
é ‘i_ 21z, & E E . indrd e E L LITHOLOGIC DESCRIPTION
s 1318]22 HNEIE R Slels
4 =lz|=|F wl o X)|-]| W J121%
= |8|3|5)|= HERAHIRT AFE
™~ [ | = a a { ﬁ " 2 E H @
v 2 :vv [F=10 DIATOMACEOUS MUD
= o < I~ .{: 19 Major lithology: diatomaceous mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
E . ~N - ~ 054 ~AFE | » (5 10 10%). oxidizing o olive black (5Y 2.52). Moderately burrowed
- o < E - q.
E &= 3 E el A Ml s Minar lithology: rare sponge spicule clots, 1 1o 5-6 mm.
] el |2 5 < 1 M |
| =|o -
: - c g £ - 1 0] voIo SMEAR SLIDE SUMMARY (%)
=] sl 2|3 |*] [® 1~ 1,48
o HEES 1 -~ D
NEE = i TEXTURE:
* || % ¥ CCl 4 ) &
Sand 15
S 45
40
COMPOSITION:
Quartz 5
Feldspar 3
Rock fragments 10
Clay 25
Volcanic glass 3
Calcite/dolomite 2
Accessory minerals
Opaques 8
Pyrite 3
Dolomite rhombs 1
Nannotossils 3
Diatoms 35
Sponge spicules 2
Silicoflagellates T
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SITE 688 HOLE A CORE 19X CORED INTERVAL 3989.6-3999.1 mbsi; 169.8-179.3 mbsf
BIOSTRAT. ZONE/ @ 3
= FOBSIL CHARACTER | ., | w E 3
5 [eTeTe £lE 5|5
 |El2]|2 GRAPHIC &
AEHHER g . et L - LITHOLOGIC DESCRIPTION
S1315]135|%8 “la|8| e ||
w|2(g|2]|2 w|3|E| & 3l -2
HHHEEREIHEHAE HEH
Fl2|2|8|a ala|o]|e]| = Elw|&
DIATOMACEOUS MUD
l * Major lithology: diatomacecus mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
(5 to 10%), oxidizing to dark gray (5Y 3/1) 1o vary dark greenish gray (SGY 3'1)
: E Intensely to moderately burrowed; burrows are filled with black iron monosulfides.
1 ]
2 . ‘ SMEAR SLIDE SUMMARY (%);
b
s R T 130 3,50 4,25
o 5 P D M M
2 . 5 TEXTURE:
0 ]
oo - voID Sand 5 5 5
. si 30 25 30
l ‘ Clay 85 70 85
2| 3 COMPOSITION:
& Quartz 3 2 3
o Feldspar T 3 3
. Rock fragments 5 2 2
Mica - - Tt
Clay 45 a2 65
o “ Volcanic glass b4 — -
E ] Calcite/dolomite 5 3 5
< % . 1 Accessory minerals
z £ 1 “ | Pyite 4 = 2
e cl|a -] Phosphate 2 2 1
w cls 3 ] Opagues 10 40 10
= cl¥ 3 Micrite - - 2
= o~ |® Glavconite - - 2
g - 1™ “ Foraminiters = - T
< 1 1.|= Nannofossils - 1 1
v B Diatoms 25 5 12
= iw| R " - T 1
1~ H—=—- Sponge spicules 1 1 1
11 Ix # | Sticollagetiates T - -
3] : t
il 3 A4 1%
g 1_;:2 :
e 2 -1 4 4x l
S 1A T
~N 3 x Bl ) I
— - ERY - a
>3 2 1. A
f ' Y < 1w
HRIEREEREERL
o| 2p = fist
alz| 8 1~ ]
z|z| o|= =
|- cd T~
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SITE 688 HOLE A CORE 20X CORED INTERVAL 3999.1 -4008.6 mbsl; 179.3-188.8 mbsf
BIOSTRAT, ZONE/ .
£ | FOSSIL CHARACTER 2 2]a
8| i
5 alale cElE HH
x | Sz % ¥ls GRAPHIC |5
§ & & i, i HHR . uithoLosy | g £l LITHOLOGIC DESCRIPTION
IR J2l=2] 8 Slely
YIZ|2|5[5] |9]|g]a)5] 8 NE
Fl2|E(d)|a Z|E|a|8| 3 HEAE
e : ] u DIATOMAGEQUS MUD
= =|8 ! E Major lithology: diatomaceous mud, black (2.5Y 2/0). Pyrite and iron monosulfide-fich
= el= e - (5 to 10%), coddizing lo dark gray (5Y 3/1) and very dark greenish gray (5GY 3/1)
O || w %] * o b w‘u‘— n Intensely to moderately burrowed. burrows are filled with black iron monosulfices.
w - oS
(e al5l 8l 1€]e SMEAR SLIDE SUMMARY (%):
- 2 o~|n
= z|E|N - 1,50
Z| 2. . 3}
S Lia
3
3 ..2_ TEXTURE
c Sitt a0
) Clay 60
w
A COMPOSITION:
=
7
Feldspar ]
Clay &0
Calcite/dolomite 5
Accessory minerals
Opagues 5
Glauconite ™
Nannolossils T
Diatoms 15
Radiclarians T
Sponge spicules T
Silicoflagetiales T
SITE 688 HOLE A CORE 21X CORED INTERVAL 4008.6-4018.1 mbsl; 188.8-198.3 mbsf
BIOSTRAT. ZONE/ .
= | Fossic cuanacren | ., | 8 Bla
z = S|z 2le
i g H g Gl GRAPHIC 3 g
- = =
§ 5 g HR E E H = - Livocosr | g R LITHOLOGIC DESCRIPTION
- ™ F w =3 |3 wl
EIR I 2l:l2]ls| B w | u
A HHHEREIRERHER: E P
= o - - - - x X w W @ 3 -
e = L3 o a a o © E Y =] o
J~r L{: =] DIATOMACEOUS MUD
g voID Major lithology: diatomaceous mud, black (2.5Y 2/0). Pyrite and iron monosullide-rich
0.5 o ‘ (5 to 10%), oxidizing lo dark gray (5Y 3/1) and very dark greenish gray (SGY 3/1).
B Intensely 1o moderalaly burrowed; burrows are filled with black iron monosuifides.
1 ]
= X Minor lithology: isolated whole sponge in Section 2.
2 1] 3L SMEAR SLIDE SUMMARY (%):
- ] 2,81 CC,17
8 . voID D 5
- v 1 . TEXTURE
x| | e E 7L { Sand i =
< = = 5 Silt 6 70
z| |z £ 2 3 L [, ] cav 2 30
- — 4
w =] b :
u 2 3 @’ COMPOSITION
< ~ 3 ‘ Quariz 10 12
S : - Feldspar ] 8
k] 1 - Rock fragments T 5
2 R . 1/ o v
=] - 3 - Clay 30 ]
~ ] 1N t Calcre/dolomite 4 &
- g 4 17 Accessory minerals 1 -
o ] b 5 Pyrite 9 5
=2 s 3 3 E ) Foraminifers T 1
5ls - ] 304 Nannofossils T 1
2|s . . N Diatoms 2 3
| ol a2 -1 d/ Radiotanans T -
& o 2 3 w T —
o z g . CCl - - #% | Siicollagellates T —
Zlz|ol=
X x

68BA-21X
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SITE 688 HOLE A CORE 22X CORED INTERVAL 4018.1-4027.6 mbsl; 198.3-207.8 mbsf
BIOSTRAT. ZONES -
= | rossiL chamacren | | 8 2lw
z 8= -4 B
2 N cl= L -
AR E GlE caapnic | 5 g
o @ =
8 ; alz|, g E E [ Frintirbi 1HE LITHOLOGIC DESCRIPTION
MHEHHEEREFAEHER ilele
g HEIFL = wlal g 2lals
FlE|2|&|a HEAE AR HEAE]
1 ‘ DIATOMACEQUS MUD
> ° 1 ]
X |%|= a ] 11 * Major lithology: diatomaceous mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
< |o|le o {5 to 10%), oxidizing to dark gray (5Y 3/1) and very dark greenish gray (S5GY 3/1)
é sl " Intensely to moderately burrowed: burrows are filled with black iron monosulfides
w|= o~ e
E g = 7 SMEAR SLIDE SUMMARY (%)
< |[5|% “
S | ® - 1.3
° |5 =~ o
e TEXTURE:
=]
= sit 65
Clay s
COMPOSITION
Cuartz 10
Fal 5
Rock fragments 5
Mica T
Clay 28
Volcanic glass T
Calcite/dolomite 5
Accessory minarals
Pyrite 4
Foraminiters 5
Nannolossils 1
Diatoms 3
SITE 688 HOLE A CORE 23X CORED INTERVAL 4027 .6-4037.1 mbsl; 207.8-217.3 mbsf
BIOSTRAT. 20NE/ i
= | rossiL cuamacten | . | 8 g @
§ IR ElE = B
AR gli], s |5 g LITHOLOGIC DESCRIPT
2131858 SlE 2| | | vmower |g]Eln oL gl
= |E
HEHHBEOHHE: e
2 | = als dfl=lwle| = zlesl2
S HEIEHE |58 5 HELE
fJ— t DIATOMACEQUS MUD
>
x = Major : diatomacecus mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
< = 5 S|* {5 10 10%), wnmzmgmuumgmytSY:lc’l]anﬂverydamgmnlshgrnrfsev:ln
E E :_L Intensely 1o moderately burrowed: burrows are filled with black iron moncsulfides
i - *
Wl e || o J_t & | SMEAR SLIDE SUMMARY (%):
« |o|o|=|2 b=
= 5|8 1.47 1,75 CC,14
o 2l o
e
2= TEXTURE:
®|D
318 Sil 85 17 85
= S Clay 35 83 35
73" COMPOSITION:
- Quartz 8 4 10
= Feldspar 4 — 5
Rock fragments 9 = 12
Mica L T T
Volean r =
ic glass - — T
Calcite/dolomite 3 2 3
Accessory minerals
Pyrite 3 2 5
Micrile - 72 -
Foraminifers - - T
Mannolossits Tr 5 T
Diatoms 40 15 36
Radiclarians T -_ T
Sponge spicules E = s
Siicoflagellates T — T
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SITE 688 HOLE A CORE 24X CORED INTERVAL 4037.1-4046 .6 mbsl; 217.3-226.8 mbsf
BIOSTRAT. ZONES . ,
£ | FOSBIL CHARACTER | , | W ola
E3 o= EAR
w| o] e e ElE
5 § H H % * GRAPHIC z|5 i -
2ls5|8]|%|e i‘ ElEl2] . Lioosy | g ile LITHOLOGIC DESCRIPTION
EIE L al.l212] = Sl=|%
= £lg|2 wle|F|F| = | .l&
HEEEE HE IR (8|32
> s Zz|lxz|a a a o | o HS a| o L
il i~ 10 DIATOMACEOUS MUD
= 1 ~E=31), | .
> @ I~ : ! Major lithology: diatomacecus mud, black (2.5Y 2/0). Pyrite and iron monosullide-rich
x = 1o .5+ (5 o 10%), oxidizing lo dark gray (5Y 311) 1o very dark greenish gray (SGY 31).
g 2 ™ - _J_ Intensely to moderatety burrowed; burrows are fifled with black ircn monosulfides.
o™ h -
T * 2 = ] 4.1 é # | SMEAR SLIDE SUMMARY (%)
: b= A 1,3 1,83
2 s : D D
= “ TEXTURE
= -
o - Sin 80 55
@ Clay 40 45
c
=T COMPOSITION:
Quartz 5 6
Feldspar 5 5
Rock fragments ] 3
Mica T T
Clay ar 45
Caicite/dolomite 3 3
Accessory minerals
Pyrite 4 3
Foraminifers T L
Nannolossils — T
Diatoms 43 35
Radiolarians ™ i’
Sponge spicules - T
Silicoflagellates T L4
SITE 688 HOLE A CORE 25X CORED INTERVAL 4046 .6-4056.1 mbsl; 226.8-236.3 mbsf
BIOSTRAT. ZOME/ " .
= |FossiL cHARACTER | , | & g @
HAARE |8 HH
Xle|lsl= ¥l GRAPHIC a
g |5|8|Z], HHE " umoioor | g § . LITHOLOGIC DESCRIPTION
L1283 3 2l .|2|S] & Slwly
3 |2(2la|% g1213|5] & 2ls|%
= E|5|2|= HE IR HEIE
w z x| a o o o @ 2 @ L
o 7 DIATOMACEOQUS MUD
= 10
-~ lo] l Major lithclogy: diatomaceous mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
0.5 v (5 to 10%), oxidizing lo dark gray (5Y 3/1) and very dark greenish gray (5GY 31)
s [ 1| Intensaly to moderalely burrowed; burrows are filled with black iron monosulfides
> 1 g z
[+ 4 - o - @ Minar lithology: small sponge spicule nests. 1 to 5—6 mm, throughout.
= gl |= 1o 4L
z S E 4 ~ : t SMEAR SLIDE SUMMARY (%):
w ~N 7Y q4-r .
(= e Eleo 3 no =L 1,21
< = =~ KVE] D
= =2 []|& 1 ~4 :
=] e & TEXTURE:
®m| s - o4
cls - 2 1. Sand 3
R g i Silt 62
=S = 1 l Clay 35
ooz r 2 ot -
- b0 b b cd 4 Y==34# COMPOSITION:
Quartz 8
Feldspar 5
Rock Iragments 5
Mica T
Clay 33
Calcile/dolomite 5
Accessory minerals
Pyrite [
Glauconite T
Foraminifers T
Diatoms 35
Radiolarians L
2
Silicollagefiates 1
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SITE 688 HOLE A CORE 26X CORED INTERVAL 4056.1 -4065.6 mbsl: 236.3-245.8 mbsf BBBA-26X 1
BIOSTRAT. ZONE/ 2
= | FossIL cHARACTER H] 2 e
£ 8|k Z(d
2158 ElE a2
¥ lu|ls|= ¥z GRAPHIC a|le
§ £ g z i g g g 2l . uhoLosy | g 2 e LITHOLOGIC DESCRIPTION
NEIE-IES ol 1212 = 1
A HHEHEEHEHAE 21s|%
Fle|2|Ea S(E|5|%] % HE ]
.j.__ Wi DIATOMACEOUS MUD
[ ] Major lithology: diatomaceous mud, black (2.5Y 2/0). Pyrite and iron monosullide-nch
2 L, t * {5 10 10%), oxidizing lo dark gray (5Y 3/1) and very dark greenish gray (SGY 31)
E A = Inensely to moderately burrowed; burrows are filled with black iron monosulfides
| % || =|~
< AN
(@
= zlel |& : SMEAR SLIDE SUMMARY (%)
wi ®lo
- Elm~ 2 :‘ 1,41
=T @ . 1l
= <[= =
o 3 g TEXTURE:
[=]
S Sand 3
S Silt 67
~ Clay 30
= COMPOSITION:
Quarz 7
Faldspar 9
Rock fragments 1
Clay 29
Calcite/dolomite 3
Accessory minerals
Pyrite ]
Diatoms 40
Raaiclarians ™
Sponge spicules T
Silicollagellates L

889 d4.LIS
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SITE 688 HOLE A CORE 27X CORED INTERVAL 4065 .6-4075.1 mbsl; 245.8-255.3 mbsf 68BA-27X 1

BIOSTRAT. ZONES .
’§' FosSIL cHARACTER |, | 8 g @
= &
I e a2
A HE & GRAPHIC Zl5
é & E i ; g E LhoLoer | g g & LITHOLOGIC DESCRIPTION
AHHEHHBHAHHE 3|08
|z|2|5]|% dl=zlulg] & Jlal§
IR T|E|5|8] % 8|3 —
PV DIATOMACEQUS MUD
IEE L i
T Bt
I |= ‘ lithology: diatomaceous mud, black (2.5Y 2/0). Pyrite and ron monosulfide-rich
0.5 = 1 (5 to 10%), oxidizing to dark gray (Y 3/1) and very dark greenish gray (5GY 3/1). 1
] A3 Intensely 1o moderately burrowed; burrows are filled with black iron monosulfides
1 < Saction B grades downhole from black to green —HB
N SMEAR SLIDE SUMMARY (%):
7 yoip :
e 4,82 543 67
1 [+] D D
= oo e W I TEXTURE: ¢
J L)
P 1 Sit 49 51 50 {
o = Clay 51 48 50 /]
g . !
.(-) 2 - COMPOSITION: 1
= 1 Quartz 2 5 5 *
o~ - Feldspar 2 2 3 :
4 RAock fragments 1 2 —_— l
E voID Mica T T - 4
E Clay 51 49 50 F
7 Volcanic glass - - - ll
- Calcite/dolomite -_ T
4 Accessory minerals I
e B 2 2 5 i
14 ] Micrite - T - %
< 3| Diatoms 0 4 30 §
= . Sponge spicules 1 ™ 3 L8
« P Siicoflagellates T - - i
- ~ Pallets — — 4 '
- 7 —= _N
= 1~ an I '
(=] - . L]
a s L }
4 =
1™ L
~w
2 T~ }
20 14 1 a8
o 1~ »
-3 = A l
- 1o | — =
© 1 oG
L w
@ ?; B '\J}l
S 1 =
o ~N 1 '\.rv *
- . e
= - 5 I~
3 > g 3 4
g 5l E -~
o cle @ B vOID
- | >
-] [T E D -
c ® =
=3 al
clm|o|Z| [T 6 *
LAEAR AR CTl
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SITE 688 HOLE A CORE 28X CORED INTERVAL 4075.1 -4084 .6 mbsl; 255.3-264.8 mbsf
BIOSTRAT. ZONE/ z -
© | PossiL cHARACTER | , | © gle
z Sle Bl
= |8l2|% ; 8 B2
w - - z GRAPHIC a o
§ tlg £, g8 B, . uvocoer | 2| 2 | @ LITHOLOGIC DESCRIPTION
ME IR 3| lel2| & Sle| 3
A HEHHERE HHE RS 31a|5
I s|E|5|8| % ]
10 #* | DIATOMACEOUS MUD
o (o]
S Maior lithology: vary dark greenish gray (SGY 4/1) dialomaceous mud. Intensely to
E ~ = ® 4L moderately burrowed; burrows are filled with black iron monosullides
; ~lE = - 2 SMEAR SLIDE SUMMARY {%):
T [N|m| =B b o
w z;._}:an 4 r-.- . .10 1,93
- | e o @ - D D
= |2]z|=[S] |&
2 o|2|lel || |R TEXTURE:
=2 P - =3 e :
e =1 g St 40 45
z|E|lo|= -2
4 4 b b5 - Clay B0 55
COMPOSITION:
Quartz 5 [
Feldspar 5 '
Mica T -_
Clay B0 55
Caicite/dolomite 3 5
Accessory minerals
Opaques 5 7
Glauconite — L4
Foraminifers 2 L
Nannofossils T _
Diatoms 20 20
Radiolarians -_ T
Sponge spicules T =
Silicoflagellates ™ L
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SITE 688 HOLE A CORE 29X CORED INTERVAL 4084 .6-4094.1 mbsl; 264 .8-274.3 mbsf

BIOSTRAT. ZONE/ .
= |FossiL cuamacter |, | 8 2w
dnaneeHE HE
% |&|2]3 wls GRAPHIC 2|6
= S| = ITH 1 RIPTI
§ -% :?, % " ;. g E, el e LiTHOLERY A ?‘: s LITHOLOGIC DESC oN
L I|ls|la|o -] =12 -3 3|1*®12
$ 22|55 |4|¢e|2|5| ¢ 2)s|§
AHHHEBRHHULE HEIE
|
i DIATOMACEQUS MUD
] Major ithology: dialomaceous mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
0.5 {5 to 10%), oxidizing to dark gray (5Y 3/1) and very dark greenish gray (5GY 31)
< Intensely to moderately burrowed; burrows are filled with black iron monosulfides
1 5 voID
] SMEAR SLIDE SUMMARY (%):
o] 2.44 562
h ] D
] TEXTURE.
ER"a
o 4 Y ‘ Sand 5 10
= 7 Sit 35 45
by I i3 *| Clay 80 45
.
- 2| I~ ‘ COMPOSITION:
& 4 A1
“ Y Quariz 4 5
- 1 A F L 5
. -~ Rock fragments & T
e 43 t Clay 50 35
] Volcanic 3 -
7 \'_": Calcite/dolomite 3 5
- V| Accessory minerals
4 Pyrite 8 5
Al /| Glauconite T -
11 Foraminifers - 10
° 3 41 U Nannofossils - 5
o EEY, Diatoms 25 30
i} 1 A Radiolarians - T
e 1 Sponge spicules 1 T
" 4
> = Y
o =1 g 1~
- LT} ; -
= E - 1
5 o ]
- 9 = h \rl{. :
g E 4 i [T]
E 1 ==1
AcTT
1  wvoo
- ~H{= = l
] voID
5 *
1  wvow
2o ]
= = RS
s|c A== {
oM 6 -]
= in Vol
(3 |: : I
3 - g ] I
= 1 A
sl® 1
- < 'E: 1~
S8 4 W
=1 - - l
el - 7 1 ¥
m|=|o|= ~r
*|% | %% R E {
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SITE 688 HOLE A CORE 30X CORED INTERVAL 4094.1-4103.6 mbsl; 274 .3-283.8 mbsf
BIDSTRAT. ZONE/ ;
t | FossiL cHamacTER | ] 2|,
£ e S| e
~|2l5)2 =l e R
=} B =
g |2|8|z HHE e 15| 2 LITHOLOGIC DESCRIPTION
HEE R I E|E| e 2|1el8
wlg|z[2]|2 Glel|3|E| & 4118
=z gElZ2|2]|= = = lw|o & =|le|x
Flelz|E|a s|E|3|8| & k]
1™~ L' DIATOMACEQUS MUD
1. . .
1~ { Major lthology: diatomaceous mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
5 (5 10 10%), oxidizing to dark gray {5Y 3/1) and very dark greenish gray (SGY 31)
e 1~ |2 Intensely to moderately burrowed; burrows are filled with black iron monosuffides:
1 4
2 1.7 ‘ SMEAR SLIDE SUMMARY (%):
E |~ Tt 1,30
=T - é g = D
é E|_ E voID W
B lalalala 52| I { TEXTURE:
Z|n|ofz|e El5 E Sand 2
> HE RN Silt 38
o g ~ Clay 60
= COMPOSITION
o
NS Quartz
5l Feldspar 3
cl& Mica T
w | Clay a0
2 “ Calcite'dolomite 3
w| . Accessory minerals
21= te 4
o lron sulfides 15
(- Diatoms 40
— Radiolarians i
§ Sponge spicules T
= |
SITE 688 HOLE A CORE 31X CORED INTERVAL 4103.6-4113.1 mbsl: 288.8-293.3 mbsf
, | BiosTRaT. zones " "
= FOSSIL CHARACTER a u:- g E
2 la|e cle |z
¥ |63 g g & GRAPHIC HE
|3 = E 2 LITHOLOGIC DESCRIPTION
nz.: g E 3 % i 2‘, % 5| o LITHOLOGY % ::'. §
FRFIE 1HE IR RS 21alE
- o - - - - x x w w g i -
w x L a a a o w 3 ] [%]
DIATOMACEOUS MUD
L]
e I * Major lithology: diatomaceous mud,. black (2.5Y 2/0). Pynite and iron monosulfde-rich
o (5 to 10%;), oxidizing to dark gray (5Y 3/1) and very dark greenish gray {5GY 31)
o Intensely to moderalely burrowed; burrows are filled with black iron monosullides
~
z|* u‘: o o e SMEAR SLIDE SUMMARY (%):
= (@ clc W~
= @l o Elw 1,27
14 =4 L] |- o
L ol =10
= =15 |ET TEXTURE:
= = o
= »2 Sand 8
Bl Silt a7
cla Clay 45
-
-?-, COMPOSITION:
=)
g . Quartz 5
Faldspar 5
e Rock fragments. 5
3 Cla 35
o Calcite/dolomite 2
- Accessory minerals
Pyrite 8
Iran sulfides 1w
Nannofossils T
Diatoms 30
Radiolarians 3
Sponge spicules L
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SITE 688 HOLE A CORE 32X CORED INTERVAL 4113.1-4122.6 mbsl; 293.3-302.8 mbsf B688A-32X 1 2 3 4 5 6 7

BIOSTRAT . ZONE/ i
Z | FossiL cHARACTER | ., | w 2la
E S|E 28
¥ g 2|2 & § GRAPHIC 2| g
HE 13, 3|8
§ ; alz|, SlelE|, LITHALDGY = - B LITHOLOGIC DESCRIPTION
s | s|e|alZ 3 w|3| @ Zln|4
"REIR AR a =|= = 5 =
HEAEE wle|3|c| w 4118
Z |z|Z|a|% G2 lulel = Z2lals
= = - - = - T I lad w = | oW -
e z | a a o ol 2 o|w @
- | DIATOMACEOUS MUD
3 l Major lithclogy: diatomacecus mud, black (2.5Y 2/0). Pyrite and iron monosulfide-rich
0.5 | (5 to 10%), oxidizing to dark gray (5Y 3/1) and very dark greenish gray (SGY 3'1)
o ;". e t Intensaly 1o moderalely burrowed: burrows are filled with black iren monosullides
@ 1 ]
© - l - Minar lithology: smali spange spicule nests, 1 1o 5-6 mm, throughout. Gastiopod shell
a 1.0 al Section 4, 138 cm
s ] I t SMEAR SLIDE SUMMARY (%)
i - [ 1,100 4,137 6, 32
D M M
T ] | t
1 TEXTURE:
= Sand [ 10 5
2 . Silt 49 40 25
4 Clay 45 80
. voID
4 COMPOSITION
1 Quartz 5 6 5
B Feldspar 5 5 5
SETE o Rock fragments T 4 4
Mica T — —
g voiD Clay 35 as 20
B Calcite/dolomite 3 2 T
- 5 Accessory minerals
3 n Pyrite 5 8 7
4 | Iron sulfides 5 — —
1 Foraminifers T 5 3
j‘ Nannolossils 2 Tt 40
3 Diatoms 40 35 20
< 1 Sponge spicules T 2
> . e
@ ) ] : |
! B = :
]
=z 3
x £ 4 3 |
w =] E -
- < 1 ~r
g Pl -4 Jor AN
o o N el Ll *
< I N
- ~r *
g J /
2l 15 3-- N
-
o >
- W \
:Lf
]~ /7
N 4N
3 1 *
6 E: B
3 /7
~ N
. &
N : BEN
VoI
—-‘Lf
7 1
- T §
. voID
-— n ] teon't 3
A

889 HLIS



SITE 688
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SITE 688 HOLE A CORE 33X CORED INTERVAL 4122.6-4132.1 mbsl; 302.8-312.3 mbsf 6BBA-33X 1 3 4

cC

W
-]

BIDSTRAT . ZONE/ W 2
= |FossiL CHARACTER | , | @ g a
5 ~ g & 28
s |8|2 g g & GRAPHIC 2l E
dl=|2 8| = " alg LITHOLOGIC DESCRIPTI
HHEHHARHEHO R RSl HHE e
' Zla
w322 HHE R =1
21E|15|2]= | 5|86 = HFE
le|lz|=|a ala|lu|w| 3 E|B|3
o~ ~Jo DIATOMACECUS MUD
4 4 =
g | 40 ’ Major lithology: foraminifer-bearing diatomacecus mud, black (2.5Y 2/0) o olive black
P il ; (5Y 2.5/1). Pyrite and iron monosulfide-rich (10%), oxidizing fo dark gray (5Y 3.1) and
- d Al : ! » very dark greenish gray (5GY 3/1). intensely to moderately bioturbated
1 1 7
: \;l - - cl) Minor ithology: rare sponge spicule nests, 1 to 5-8 mm
g Al 1ol SMEAR SLIDE SUMMARY (%):
-
1 A | 1,66 566
o - Ly o
1.7 1> TEXTURE
g N Sand 5 15
1-~H 2/ Silt 45 35
2 - ‘-1 B Clay 40 50
1
i - < t COMPOSITION
4 L
el 1/ Quartz 8 5
E 06 Feldspar 1 5
= 1 Rock fragments 3 2
@ N e Clay 35 30
7] B 1/ Calcite/dolomite 5 10
; - . Accessory minerals
g R o Y ‘ Pyrita [ 6
>~ » =] bV Iron sulfides 4 4
o = 3 3 aN Foraminiters 7 15
= o~ 4 Nannofossils = 3
= b LN Diatoms 30 20
x =] 5 5i les = L
« g ] Y, t ponge spicu
p g ] N EVE]
h=] - N W
(=) o -
q 4
T ]
— -
. L
4 4
o ]
c E voID
@ -
o
2 1
¢ -~ g o
~ .
:‘ g 8 voID
o 4 T o)
sIN| |-4®] |5] 1 =: -
o
-5 1= < ] —
c = -
alaml®2 ' =
ols|a [ g b
= ™ g
w|o|s ]
= < b
Elwlg kr
ol e
alZl | |E s 1™
alS(2]|=2 E
* %% | S = i
c C
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SITE 688 HOLE A CORE 34X CORED INTERVAL 4132.1-4141.6 mbsl; 312.3-321.8 mbsf
BIOSTRAT, ZONE/ ;
= |rossiL cuaracrer |, | © Elo
z o= S ¥
.1 % : H ; E GRAPHIC E g
g E § g g g g % o o | vimecosy ; H LITHOLOGIC DESCRIPTION
EHHHEHEEREHEE M
3 | = al% dl=l@|c| = dlal=
R EIEE Z2|Z|5|8] & HEIE]
. WASH CORE
] Green (5Y 32) mud in black (5Y 2.5/1) slurry and black mud soup.
0.5
1 ]
] o]
1.0
6 o]
4 o
2 ]
] o}
N (o]
3 ] (o}
] o
] o
> 4 .
= ]
< 1 o]
= 3
@ B
w
< ] o
=2
=] B
E o
5 ]
] o]
o ]
c n
g -
e ] ©
o =
Hfa 3
o b =
—
o | BN e o
=1z| 8|2 ]
RIS =
52 3| e 1 Q
NS 1
HERE :
cla| * o
a al -
c|S|Jl= f b
|| %%
ccl
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SITE 688 HOLE A CORE 35X CORED INTERVAL 4141.6-4151.1 mbsl; 321.8-331.3 mbsf 698A.35X

BIOSTRAT, ZONE/ - .
£ | FossiL CHARACTER | . | w 2w 4
z w | = S|u e
w | w = |l= =15 b )
¥ |63 g @l g GRAPHIC i
S |Elg|2 HAHE ol B LITHOLOGIC DESCRIPTION
e ls|4|8 P HHE PR LITHOLOGY | o | B | o 10
AR al.lele| = Sla U
Wwilslz|=|= wlo|3 || w = g
Z(E15(8)2| (3|E]Elg] & ilgl3
~|E|Z|2]|a 2|E|5|8| 3 E|l8|& | =
DIATOMACEOUS MUD
o T } ; 20
e -4 Major lithology: diatomaceous mud, black (2.5Y 2/0). Pyrite and iron monosulhde-noh [ 4
s 0.5 i * 5 1o 10%), oxidizing lo dark gray (SY 3/1) and very dark greensh gray (5GY 3'1)
-é . Intensely to modarately burrowed; burrows are filled with black iron monosuindes 2 5
1 ] t
~|® 1 x:" Minor lithology: small sponge spicule nests, 1 to 5-6 mm, throughou!
w | " 1.0 g )
£l= 4 ™[ ! SMEAR SLIDE SUMMARY (%) 5 U
cl <4 |F
g - 1 -~ 1,50 86,50 -
= ~r D D 35
5 S e TEXTURE ;
Y - "
: el ! 40-
- Sand - 1
2 4™ Silt a5 45
= D Clar 65 54
. y
S 1~ { 45
-5 4 - COMPOSITION
o £
T Quanz - 10 20
- B voio Feldspar - 10
- . Mica - T
[ =
] 1= ]E_- Clay 57 39 .15
9 Voicanic glass T T
-~ - voi Calcite’dolomite T 1 x
7 o Accessory minerals b O
—i Giauconile T -_
a| Pl Pyrite 2 10 :
- Apatite - Tr 6 b
N Diatoms 40 30
-] voID Radiolarians T T
] Sponge spicules 1 T ? O
o ]
%« . | [ =
|
2 1+ t 15
E' A |4
= .7
< 4 3 U
> 4 4 A ‘
L= - -_% (.'J
A xr_"
1 { 90
N \J'I—J
4 H
> L 95
37U {
5 -
« o I C
174 05
g =1 W t
W - - 1
=)
c L] n
o ~ .
=4 a b o
sal | |s ] { Ins
[« 1 1 - 1
e .r°; e
> o ¥ —
5| Q 1] : 120
c ?: & 1 4 t
ol .
53 e 125-
5|3 1]
°lg 1 { 130
o E "
z 4 A
Cla 7 1~ t | 3 5
o|o|J|= 1
| %) k| * =]
cd 4~ i 140
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SITE 688 HOLE A CORE 36X CORED INTERVAL 4151.1-4160.6 mbsl; 321.3-340.8 mosf

BIOSTRAT . ZONE/ =
T |FossiL cuamacTER |, | W 2| m
H 8l Elw
@ o 2 = -1 @l 2
«|&|z3|2 yls GRAPHIC HE
= =
§ S HE P Lnoosr | g F:.‘ . LITHOLOGIC DESCRIPTION
138|233 HE IR HEE -
E HEHEE “le) g5 B 2|l §
- |2lz|&|a T|E|5|w| = Ele|a
E DIATOMACEOUS MUD and DIATOMACEQUS MUDSTONE
: Majaor ithology: sandstone and pebbly sandstone, dark gray (N 4. N 5}, very fing foling
-] grained, rarely coarse graned, including graded conglomeratic unts Contaming rounded
o clasts of quanz, y rocks, mud rip-up clasts, and volcanics. S 1, 0-8ana
L 1 110-140 cm, Section 2. 0-16 and 105-126 cm, and Section 4. 214
=3 Section 7 and CC: diatomaceous mudstone, very dark gray (5 311 % e lied
a ' with coarse grasn, sandy it and large clast {0.510 1 mm), some of which are angquias
a Horizontal fissility is weil developed
=1
g =~ Minar lithology: sponge spicule patches throughout Sections 1-6
] SMEAR SLIDE SUMMARY (%):
> -
S 7 1,87 1,89 4,10 7.7 7.58
&~ - M o M M M
2 -
] VoID TEXTURE
] Sand 1 — — -
_ St 35 45 40 60 40
] Clay 64 g0 40 60
1 COMPOSITION
n Quanz 5 5 5 10 -
g Feldspar 10 5 = g sy
-7 Clay 39 35 30 30 48
3 1 Volcanic glass T T — T T
] Calcite/dolomite 1 5 1 T T
4 Accessory minerals
- Pyrite 10 10 2 1 1
] Foraminifers — T - = -
4 Diatoms 35 40 &1 50 50
4 Radiolarians - — 1 T —
Sponge spicules - T d - T
3 Fish remains - L - — -
> ] Organic material — - - = 1
[« o
= -
= 4 3
W ]
= i
< -
3 -l .
L= 4
3 -
€ -
e ~
o -
c
o~ —
5 4
a -
- "
~ E
v
- -
o E
< -
- 4
n -
@
c m 6
o -
o -4
=4 =
o ]
i@ -
>s — A
= o
]
© e 2 o
Bed U 4 B @ 4
- @z H e
wle
ol®m| &R > i
clo| 3|8 e 7 i
Mo lols s
) e = - ]
olel =g ]
Ol |2 1
s|o|2 E
al -
clelal= 9
*w| W ccl 1
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SITE 688 HOLE A CORE 37X CORED INTERVAL 4160.6-4170.1 mbsl: 340.8-350.3 mbsf

BIOSTRAT. ZONE! x
£ | FoSSIL CHARACTER | . g Ble
z A HIF
® |« (2] - = - -1
w |h|=|2 E g GRAPMIC HIE
o @l = a
g ila ., 3 E 3:- . e slz2la LITHOLOGIC DESCRIPTION
v 15|82 3 2l .|l2l2| & HE
¥ |z % o B Wla|3|r| = 41 | E
2 121212)] |2]E|2)E|E HEE
- = x| a a a o o > alea L
1~ b it DIATOMACEOUS MUDSTONE
1 ~r
:‘u‘ O Major lithology: diatomaceous mudsione, very dark gray (5% 3:1). exlensvely
- p— burrowed. Horizontal fissility is well developed. Reverse faull stikes roughly 287
0.5 o ahty
ar i and dips 60° landward
o3 i
1.2 LW | sMEAR SLIDE SUMMARY (%)
1.
] - W “ 24 274
w ° i el D D
z @ 4. =
u @ ~r 1 » | TEXTURE
@
o : A v Sih 52 54
e b Clay 48 45
2 E 3.2 nt
L 2 4 -4 COMPOSITION:
4 §i
T 1| Quartz -_ 2
1 d Feldspar o 1
LR AR AL = Cla 48 46
wl@lo|g ™ Y
> c C 4 -~r » Calcite/dolomile 1 -
b= 0| g Accessory minerals
=] g c Pyrite 1 1
= '3 Diatoms 50 50
s o Radiolarians T -
' -~
™ ==
= [§]§
c|o
o
" § §
®
S8
(=3 B
o
e
@ | m
2=
o|ls
bl
0
a
M
=
@
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SITE 688 HOLE C CORE 1R CORED INTERVAL 3819.8-3829.3 mbsl; 350.3-359.8 mbsf
BIOSTRAT . ZONE/ = .
£ | FOSSIL CHARACTER | , | w E @
3 elee |8 HE
* luls| = Yila GRAPHIC a|lg
§ ; § E - é g E - LITHOLDGY e g -~ LITHOLOGIC DESCRIPTION
AHHHHEHBHHE HHE
2 |3|2|5|% “lgld|c| = 214|5
= o| = - = - = al -
- le|Z|x|B s|E|5|8| = HEIE]
[z 4 E 11 DIATOMACEQUS MUDSTONE |
= fenl| .
w 1= : Major lithology: diatomaceous mudstone, very dark gray (SY 3'1) Moderately
g as— - = burrowed, fissility well developed, occurrence of some silty beds
1 . - =
4 1~E AL |, | sMEaR sUDE sumMaRY ()
il P : 1,81
c . .
= & 4 N 1L D
{: . TEXTURE:
Sand 2
Sin a8
Clay 60
COMPOSITION:
Quanz 5
Feldspar 5
Clay 54
Violcanic glass L]
Caicite/dolomite 1
minerals
Pyrite ]
Glauconite T
Diatoms 30
Sponge spécules T
Silicoflagedlates T
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SITE 688 HOLE E CORE 1R CORED INTERVAL 4175.8-4181.3 mbsl; 350.0-355.5 mbsf

BIOSTRAT. ZONE/ :
| FOSSIL CHMARACTER | g 2o
z glc £1g
al®| o = 2l
A HE gle GRAPHIC 2|5
8= a
g% Blzl | |2|¢ é £| o | vmecoer 9|2, LITHOLOGIC DESCRIPTION
0 5 =] -
o |3|8|2|8 2la|3|=| 8 398
I eg|Z|a|= alx|@|w| = 2lal=
~|2|2|&|a HEAFIEIE HEAE]
I “F —3 .| [DIATOMACEOUS MUDSTONE
w 1 ~ 1 =
= T z > —] Major lithology: diatomaceous mudstone, very dark gray (SY 31] to black (5Y 251)
H os 17 Locally bedded or laminaled, mainly massive. Occurmence of some sifty beds Fissility
S ] : >-—- is well developed.
) & - ! .~ : * | SMEAR SLIDE SUMMARY (%):
51115 ] I8 e S EE T
“ 2. @ d ~ 71— 1,775 1,84
e e -1 . D M
> al g i :
o ol |[@ p MR 11 TEXTURE
s 5| [E 1+ 2 o s O O o
" e ™ e~ A 4 1 |si 3/ 55
— 5= _‘x:-"u : Clay 55 45
< - - -
s 5|2 2| 1 ~ E=4L] | comrosimion:
< o< 1 ]
< 1 - Quartz 5 |g
(98 -] - Feldspar 4
ﬁ ‘; b qvv” b - Rock fragments 1 3
= ol T 1 [ Clay b 45
O mm|Jd]|= — o Calcite/dolomite 2 2
A * | * = e e 4% Accessory minerals
e Pyrite 8 5
Glauconite — T
Foraminifers 5 T
Diatoms 35 30
Sponge spicules T —
Siiicollagedlates Tr L
SITE 688 HOLE E CORE 2R CORED INTERVAL 4181.3-4190.8 mbsl; 355.5-365.0 mbsf
BIOSTAAT. ZONE/ ;
= |Fossi. cuanacrer| | 8 95: @
MOBE £|& B|2
a 2|2 w |2
g |E|2 E 3 § - c:::m: alg LITHOLOGIC DESCRIPTION
[ z|2 = g ; ele % “ L LOGY g 5 z
NHEHERE AR EE 3412
I |z|Z|5]|% 2l=|m|laol = Z|lal=
: =] - - - - T x W - -3 w -
™ x -3 o o a o @ 3 o w ]
DIATOMACEQUS MUDSTONE
1 Major lithology: diatomaceous mudstone, dark olive gray (5Y 3:2). Fissility 1s well
* | w|= = developed. Small blue (5Y 5/3) blebs rich in diatoms.
o |o U =
@ > Minar lihalogies:
@ i a. breccialed dolomicrite, olive gray (5Y 5/2)
< o b. micritic diatom coze
o
™ @ SMEAR SLIDE SUMMARY (%):
" =
) .8 1,58
2 o i )
E [+] o
g TEXTURE:
o
S sitt 68 60
L] Clay 32 40
2
) COMPOSITION
(=]
Quartz 4 3
Feidspar 5 5
Rock tragments 3 1
Mica 1 T
Clay 35 35
Calcite/cotomite 3 =
Accessory minerals
Pyrite 4 4
Phosphate 2 2
Glauconite L ™
Micrite - 5
Diatoms 43 45
Radiolarians — L
Spicules T =3
Silicollagedlates T =
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SITE 688 HOLE E CORE 3R CORED INTERVAL 4190.8-4200.3 mbsl; 365.0-374.5 mbsf 688E-3R i : 3 4
BIOSTRAT. ZONE/ i
b= FOSSIL CHARACTER @ 3 F" w
H S|E S|
w|®|a 2l 2l
w [E|2]|2 wlg ®1E
g |tz HHE wabwie | 812 LITHOLOGIC DESCRIPTION
2|5 2 2|, 2 €12 LITHOLOGY glE|a
SElal3l3 3 wlo| & Zla|y
wlIlglelef [8ls|8|2] & EL Dk
218|228z d|ElElu] & A
" ™ £ o (=] LY o o w = (=] ] w
o : DIATOMITE
1 o]
g S o Major lithalogy: dialomite, dark ofive gray (5Y 3/2), finely laminated. mterbedded
0.5~ -~ ,/_ micritic diatomile and muddy dolomite. Extensive normal faulting, soft brecoabion and
4 * disaggregation fracturing. Rock has an anastomosing fabric
A ¥
1 B 1 *
e B2 SMEAR SLIDE SUMMARY (%)
[ o
1077 - 1,60 1,71 2,2 2,13 3,48 4,47
o < D D o o L o
1 ~
< .
. L~ TEXTURE
s E Sand - — w - 1 1w
N i Sit 75 80 70 70 60 60
g M Clay 25 20 20 30 30
o o
3| |z 2| 1~ COMPOSITION
= @ T
s i T ~r Quartz - 8 5 5 H 5
Q ol T e Feldspar yere & = 3 = ==
H B Fock ragments 10 3 W 2 W 5
2 | B Mica W E = o o
= - k: Bt Clay 10 15 20 25 10 20
3 o~ g Voicanic glass - 1 — - e e
by I Calcite/dolomite 5 4 10 5 10 10
w 4 wr Accessory minerals
9 o~ Pyrite 3 2 3 3 5 3
®|m L] -
w 1 -~ Pheosphate 1 2 5 1 - 2
bl Bl Bl P 3 A Opaques - — 2 - - -
L B Rt Micrite 15 5 — 5 - -
* - Diatoms 55 54 50 51 70 55
. =l Sponge spicules — T T ] T T
< 1~ Siicoflageliates 1 - —_ ] T -
e
“:, - R
o _I'Lf S
g b | T
2 :'LJ‘ "
n — A
x 1
‘; -, T
g 2 anf =
2 e R O vt
g ag | it
w
S
@
1]
2
2
b~
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SITE 688 HOLE E  CORE 4R CORED INTERVAL 4200.3-4209.8 mbsi; 374.5-384.0 mbsf
BIOSTRAT, ZONE/ . .
£ | FossiL cHARACTER M
H gz 5|8
| B|2|g § & B3
wl sl = & GRAPHIC a|w
< : g fle HE § 5| g | Lrmeotese g Eln LITHOLOGIC DESCRIPTION
32|22 Sle|a|z] & 312
218|15|2(z | 5|88 E|8)2
Flu|z|=]|a ala|u|w| 2 a|®|®
- 3 DIATOMITE
94 ~ - -
I 2 Major lithology: diatomite, finely laminated. 90-95% ol “pale’ laminae dark ohve gray
= {5Y 3/2) in color and 5-10% of dark laminae very dark gray (5Y 3 1) in color.
0'5_-VM—M 1L pe y disrupted and disaggregal ing fabric with and
1 1 - - compressional tectonic leatures,
rod 7 4 |=| | sMear sLDE SUMMARY (%)
o] - 10
4 2 1,25 1,45 4,31 4,47
1 ~ : ] o M
3 TEXTURE:
s e L Sand - = W
» Mt Si 30 82 50 97
1T
2 e =il Clay 70 8 40 3
w = I COMPOSITION:
= o 1 ~ HE
u o T Quartz — 3 = 3
8 2 EEY Feldspar -_ 3 = _
- @ Tir L Rock fragments —_ 2 — -
= = ] Mica 20 — 10 —
@ p [l 11 Clay 50 7 40 3
ﬁ - e - Calcita/dolomite 10 3 5 3
a o - Vo Accessory minerals
o T 31 Opaques
=) 1 ~ T Pyrite 10 4 s 1
3 I < Dolormite 5 2 .
] : Phosphate v
1. E L Diatoms 0 78 35 89
e e, Radolarians T - - -
1 >E Sponge spicules T T T -
w 4 = Sikcoflageliates = L = T
g 1 Y [ Fish remains - - T "
~ 1~ ~- L
m - I o -
° I *
c - ~F L] | =
S Y [ e
S 1 v E
é g - L
__ s
o|m|m|= b Ry 4L
* ||| F R ;
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SITE 688 HOLE E CORE 5R CORED INTERVAL 4209.8-4219.3 mbsl: 384.0-393.5 mbsf
BIOSTRAT. ZOME/ - !
£ |FossiL chamacTER | | W 2w
H @« 2| & 2
o E z g w| g GRAPHIC 4 E
wlgl= 2|18 = a I THI ) PT
§ -3 § & " g ] % &l Linoosy | & 'i " LITHOLOGIC DESCRIPTION
5 s =
HEHEHEBEEHEE 3l%le
3 |a als |l =j@|oe]| = =|la|=
=t Q| = = = - x F - w @ w -«
™ | = a a a o @ E a|u|l«
S o CHATOMITE and DIATOM-BEARING CLAYSTONE
1 T
Tr Major lithology: diatomite, finely laminated. Dark olive gray (5Y 2.5 21 to olive gray (57
0.5 -~ 4/2) laminae, light and dark laminae interbadded, ight laminae are more diatom-nch
‘o = el di and ggreg g fabric. Sechons 1105
. 15¢cm
1 - =
f o_"‘—“ ™ Major lithology: diatom-bearing claystone, black (5Y 2.52) Beds are typicaily 1 1o
s 3-4 cm thick, Less indurated than the diatomite. lissility well developed. Section 5
4 15¢m, to CC.
1 ~
P SMEAR SLIDE SUMMARY (%)
£ By
Aeaic) 1,89 3,36 4.8 490 521 68
~ E 2] M M D 4] D
< I TEXTURE:
=4 2 j i
i"‘.' ~r Sand 20 50 10 20 5 —
. q ~r Silt 40 40 50 50 30 60
e Clay 40 10 40 30 85 40
q
T COMPOSITION:
- P P Quartz 5 5 2 T 5 7
b 4~ ™ Feldspar " i iz il 15 8
0 b il Rock Iragments. T - - — T 3
5 PR L~1% | Mica T 5 T w 5 —
o o= Clay a0 10 40 15 55 a3
@ 3 s ESall] 7 Volzanic glass 80 - 30 -
@ N - Calcite/dolomite 5 T 10 — T 1
G Accessory minerals
o= o i = Pyrite 5 — 5§ 5 10 4
o T Phosphorite 5 - 3 3 5 4
e e Diatoms 30 - 30 47 10 20
S Radiolanans T - - - - -
o Sponge spicules T - - — T 2t
4 -~ Fish remains — - T - — —_
o Shragiag Plant debris 20 -_— 10 - 1m0 10
_4' XF Organic? —_ — - - - 10
4 T g
1 ~r
- E *
=1 ~r *
-
- I
T
1 =
1~
5 Y 4
1
1™~
14 s
& T X
b 1 X
w -
o b x
c 6
£y X
o — X *
= -
o ||| ; i
o -
* || %= 1 X
CCl
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SITE 688 HOLE E  CORE 6R CORED INTERVAL 4219.3-4228.8 mbsl;, 393.5-403.0 mbsf B8SEGR 1 2 3 4 5 s 7

BIOSTRAT, ZONE/ 5
= | Fossi cuaracTeR |, | © gla
= w
AnaneeHE 1L
a d I w2
gl5l8|z), § HE M e ; 2. LITHOLOGIC DESCRIPTION
IR 3|l .12/2| & A
 EHHHEHBEEHEE Al E
FlE)2|&|a HEAEIET R ] H AR
" 7 DIATOM-BEARING CLAYSTONE and DIATOM-BEARING MUDSTONE
13} . 7
¥ - Major lithology: dialom-bearing claysione, black (5Y 2.52). Mainly massive
ol® 0.5 P ively di d at & mi ic scale. Section 1 1o Section 3, 90 cm
c|w 7 7 *
ols 1 ] Diatom-bearing mudstone, dark olive gray (5Y 3:2), well laminatea with laminae of
NS . ¥ olive {5Y 4/4) diatomite and black (5Y 2.5:2) mudsione. Pale and black laminae are
o4 1.0 i b by Section 3. 90 em, to Section 7
: & o ping.
— o b
w b ~g ] Ve SMEAR SLIDE SUMMARY (%):
z et 4
i S e 1,65 3,80 3,131 544 660 7.27
g °© . b D M D M o 3}
= o ]
= b ‘ TEXTURE
@ il
x o E Sand — — 10 — — -
w P 2] sin 0 4 40 95 8 55
g—_ ] ] Clay 70 60 50 35 5
= a E COMPOSITION:
& ]
5 Quartz 5 5 a2 3 8 3
Feldspar - - 10 2 0 3
Rock fragments - 5 T st 5 -
Mica 5 10 — — L —
Clay 70 55 45 4 35 45
- Calcite/dolomite - 5 3 1 10 2
o Accessory minarals
3 ] Pyrte 5 3 & W = =
» Glauconite T — — - - -
= . Phosphorite 5 2 7 - - -
g Foraminifers — — - 2 2
- Diatoms 10 15 10 90 30 45
] # | Radwlarians - - - = e T
. Sponge spicules. T T - — T =
Silicoflagellat - ¥ o= = e e
j |~ Shosnics
-
4 ] L~
g |
i L .
S "
w ]
4 e L]
w 2
o - *
o s 3
B i
a h
@« i
w ] - o
o @ .
o . 7]
= = 1
= i
=] 4
~N R
- L
Pt ] o
S 3
g - L
" *
3 ]
L] &
E
: - L
m |m @x 7 7 »
* | = * E
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SITE 688 HOLE E CORE 7R CORED INTERVAL 4228.8-4238.3 mbsl; 403.0-412.5 mbsf
BIOSTRAT, ZONE/ o .
= | Fos8IL CHARACTER -]
= OSS8IL CH, 8 E g E
MBARE H ale
wlgl= > ARG alg LITHOLOGIC DESCRIPTION
SHHHARHHH A RS HHE Lo e
wil3lg|2|8 Sle|3|E| & 31%|8
elzZlal=s dl=luwlol - =|lalx
: o - - - - x x - w @ g -
[ z = =] a & o “w a2 =] ]
x i -1 DIATOM-BEARING MUDSTONE TO DIATOMITE and DIATOM-BEARING CLAYSTONE
al b :
I ~ Major lithology: diatom-bearing mudstone to diatomite, dark olive gray (5Y 32). Well
05— ~r laminated with laminae of olve (5Y 4/4) diatomite and black (5¥ 2.5/2) mudstona.
o 7 Pale and black laminae are ively by si g. Sections
1 3 S 1\ 1104
T iy - /A Major lithology: diatom-bearing claystone. Dark olive gray (5Y 32) 1o black (5Y 2 52)
ki) Mainly massive, fissility well developed. Slumping structure. Sections & and 7
] %
1 B P SMEAR SLIDE SUMMARY (%)
S
4 ~r 3,54 3,5 7.7 A
Frr i D D M M D
E: g9y - TEXTURE
1 1
2] 4 Sand — — 2 = =
RSy S 30 90 7 45 55
- L Ctay 10 a1 65 45
S |
41 ar e COMPOSITION
o oA
] - Quartz - 3 2 5 10
3 L HE Feldspar - - 5 5 15
- Rock fragments = - 2 - 5
4.0 Mica 10 10 — L T
i el L Clay 60 - — 65 45
] £ | caxiercolomite 5 1 5 5 5
3 o Accassory minerals
1 =~ J-_rg Pyrite 2 2 1 - —
T - Opaques 3 - — 5 5
] - Apatite - — 85 - -
__u_xrw L Foraminifers — = - T Tt
y i Diatoms 20 75 - 15 15
i L R na = - - L =
& T Silicotlagellates T = =
w o W
Qo = s .L__..‘_
: -, A
4 = R N
I o
— = le]
T
e 1= g
r?‘ T =
s ]
3 ]
= -
- ]
~ 5 7 voID
@ ]
_(3 —
@ ]
@ n
= ]
]
S ]
L 3
L -
2 6 ]
| 2 3
el |o =
& ]
@@ -
'E z -
o |& -
S| |+ E -
o| o| m| € 7 ] *
LIARIRE AR -
-

e v ———

=

e
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SITE 688 HOLE E CORE B8R CORED INTERVAL 4238.3-4247.8 mbsl; 412.5-422.0 mbsf

BIOSTRAT. ZONE/ - .
£ |FossiL cHaRacTER | o | W g ]
¥ raTals E4 £|S
HAFTHE glE|, e Y LITHOLOGIC DESCRIPTION
§ Llm|z Slel= LITHOLOGY | o | B | w
Z|lo|ls|m 22512 » Eln|w
 EIE IR l=le]| & =
Ilglele Slelz|E| & “1.]&
A HHHHBEHHEE HAE
Fle|Z|2]a ala|G|w]| 3 a|lw|e
R | ‘ DIATOM-BEARING SILTSTONE
] Major lthology: diatom-bearing siltstone, dark olive gray (5Y 3/2) to olive gray (5Y
0.5 voID ;e?:anovewdamgray(w&'!}.' Slump avid in Section
1 ]
W s AZHEASD Minor lithology: phosphatic nodule.
18] SMEAR SLIDE SUMMARY (%):
. voID
n 3,38 6,88
] X D D
] o TEXTURE
- Sand 15
] Sin 50 45
* 2 g Clay 30 40
b= vl o COMPOSITION:
o ] o
N . Quartz 3s 25
@« 9 Feldspar 20 15
Py 7 Rock fragments 10 10
] J X Clay 20 30
s 4 X Calcite/dolomite - 5
g b * Accessory minerals
] Pyrite 4 -
3 R b X Glauconite T =
E 3 ] 5 Foraminifers T -
% 4 15 10
P = X Sponge spicules 5 5
~ ] X
% ] X
E 3 X
w ES 3
o a -
S o H 3
& || 4| |
3 X
N =
] ny
s| ‘
o . L
% __
] . t
©le — L
£ =
o|r ]
Z|"™ . 4
[ 3 '
oo 4 7
Sl . 6 4 L
ol o b
2|2 -
= o 1
= 71
2ls 5
=l
Sls T3
o|o|=| 8 E
| w| e w iccl 3
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SITE 688 HOLE

E

CORE

9R

CORED INTERVAL

4247.8-4257.3 mbsl; 422.0-431.5 mbsf

TIME- ROCK UNIT

BIOSTRAT. ZONE/
FOSSIL CHARACTER

FORAMINIFERS
NANNOFOSSILS
RADIOLARIANS

DIATOMS

PALEOMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

SECTION

METERS

GRAPHIC
LITHOLOGY

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

UPPER MIOCENE

# 7. yabei Zane #undifferentiated Miocene

*B

Normal

||t|%|11|

o
i

N NS N

00000 8q8808p8y0,0,0,808,8,0,8

RN FRWEE FWE

W TN S

® V=168 @¢=64.69

|
e

lo el
ity
=9

pasdesea iy

| AR AR

CC

.||:=.l\|.
]
Rb

k
K

k
A

——— X X | omiLLING DISTURB.

e Ay - g

f

DIATOM-BEARING SILTSTONE

Major lithology: diatom-bearing s-lmone dark olws gray (5Y 32} to black (5 2.52)
and olive gray (5Y 4/2), g veins of two g

1} Horizontal veins are older than 2) vertical vbina which cross out the horizontal ane.
Bedding s vertical in Section 3.

Minor ithology: dolomitic siltstone, clive gray (SY 3/2) fractured. Veins filled with light
olive gray (5Y 6/2) calcite.

SMEAR SLIDE SUMMARY (%)

s
EHa

o | e wd336
28333
wizsl |l afle

@Bl
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SITE 688 HOLE E CORE 10R CORED INTERVAL 4257.3-4266.8 mbsl; 431.5-441.0 mbsf 688E-10R 1 2 3 4 5

BIOSTRAT. ZONE/ - .
L | FOSSIL CHARACTER |, | w gle
2
HMAAE I a2
wl gl - GRAPHIC alo
§ = E i, § % 2_.-. . uThoLoay | g § L LITHOLOGIC DESCRIPTION
r—3 3 = o = l-l
HEHHBHEHHE: M
= =
EE|F(3|5] [3(E|%]%| ¥ HEIE
1 Vv DIATOM-BEARING SILTSTONE
g -] Major lithology: diatom-bearing siltstone, black (5Y 2.52) to very dark gray (5Y 3/1)
n| e 0.5 » M y 10 ivily Dy vaing Gl
s ] s
g ] 1 9 t Minor Ethology: dolomitic siltstone, olive gray (5Y 3/2) brecciated. Veins filled with
& : ] calcite. Al least two ages of veins.
*
3 e / SMEAR SLIDE SUMMARY (%)
3 - t 1,49 1,91 4,18
7 o
- ¥
e~ s /} TEXTURE:
- 1 Sand 5 0 5
Silt 40 25 40
2 t Clay FE
A L COMPOSITION:
15 / Quartz 20 15 20
! Feldspar 20 10 15
Rock fragments 5 5 5
E Mica — T T
- Clay 55 30 58
w E I Calcite/dolomite L3 7 ™
EI n ; Accessory minerals
e Pyrite == 8 =
g 3 L / Phosphate - T -
= t Brown amphibole - T -
= Diatoms T 25 2
-7 Sponge spicules — L3 -
_L t
*
1| y
@ —
s 4
Q 7
g L[#
= . !
k=] 1 |+
s 7
2 !
- ]
c . 7
0|5 ] Mg
5= 5
o= | 9
o|o ]
=le L
HHEE =
(o X
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SITE 688 HOLE E CORE 11R CORED INTERVAL 4266.8-4276.3 mbsl; 441.0-450.5 mbsf 68BE-11R CC
BIOSTRAT . ZONE/ “
= |rossiL chamacrer| , | & ol
E glg Bl 5
11 E ; 2 Glg GRAPHIC E E
AHEHR g % £ e 1218 . LITHOLOGIC DESCRIPTION
HHHEHEHHEHE HE 10-
SHHHBEHBHEE qHE I5
HERE ccl d X * | DiaTom SILTSTONE -
-1
g @ Major lithology: diatom-bearing siltstone, biack (SY 2.5/2). 2 0 =
o
sl SMEAR SLIDE SUMMARY (%):
olc 25_
ola CC, 10 ;
. D
|2 30
° 2- COMPOSITION:
Quartz
=’ Feldspar 20 35
: Deyrn :
ry miner;
% Pyrite 2 40
b Apatite \d -
% Diatoms 15
w =t Sponge spicules T 45 .
ARRE 50—
's) bO"
= b ]
= g 09-
3 o I
3 § 60—
= S
3 65
&
3 70-
o 5

80—
85

90—
95—
|00—_
105'_
[10-
o=
120—
125—
130—
135—
|40t
|45:
150 -
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~

SITE 688 HOLE E CORE 12R CORED INTERVAL 4276.3-4285.8 mbsl; 450.5-460.0 mbsf 68BE-12R 1 cc

BIOSTRAT. ZONE/ = 3
= FOSSIL CHARACTER w | W o e
g Si= 3|y
h E ; g E 8 GRAPHIC 2 E
§ tlalz 8 % & vimocoer |8l Bl LITHOLOGIC DESCRIPTION
AHEEHIREIFEEE HHE 10
HHHHHBEHHBE g|8
Llzlx|a ala|b|lmw| 3 HELE I 5 e
] 54 DIATOM-BEARING SILTSTONE and NANNDFOSSIL-FORAMINIFER-BEARING
. ] 1% = * | DIATOMACEOUS MUDSTONE 2 0
0.5 " I Major Kithology: Section 1, 0-55 cm: diatom-bearing siltstone, dark greenish gray A
8] ] (5GY 4/1); Section 1, 55 em, to CC: jHoraminifer-bearing
B 1 - | — mudsione, dark olive gray (5Y 3/2). Extensively burrowed 2 5
] *
p-ﬁn“ 10 =T T - Minor lithology: calcidolomite pebble, olive (5Y 573) in CC. 3 0
o+ | —
S ] O] SMEAR SLIDE SUMMARY (%);
o = W
=9 1,30 1,80 1,88 CC.1 E
T™E a4 t 0 D D D 35
4 F —
e =~ TEXTURE: 40
"‘ﬁ‘ =1 ALY
gl |2 of PMEETTH] | & B % 3 oz -
8 2 Sg 2 g 4L Clay 20 75 0 50 45
= i = T LA
s o 1. I, i COMPOSITION: 50
w . 1 o Quartz 15 5 5
o *|* * IcC h— = 1L * | Feldspar 40 5 3 5
o |e|e 0 Aock fragments T 5 T L 5 5 -
=[=z|= & 20 65 45 a7
= = c Voicanic glass 10 —-— — —
s Calctidaoms ¥ W 2w 60—
g Accessory minerals
e 5 5 5 5
2 Foraminilers — b 2 - 6 5 -
€ Nannalossits — e P D
. Diatoms 10 10 20 30
-

Upper D. alata to D. anfepenultimus Middle Miocene#
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SITE 688 HOLE E CORE 13R CORED INTERVAL 4285.8-4295.3 mbsl; 460.0-469.5 mbsf B88E-13R CC
BIOSTRAT. ZONE/ = .
T | FossiL CHARACTER | , | w 2w
STalelel | 155 2|
FEIEE S £, craenic | 5[ G LITHOLOGIC DESCRIPTION
e|=|8|¢g g -3( E 3 z| o LitwoLosy | o | E | w
1A d212] = Sl=|4
HHHHEREIHHEE HHE
Fl2lz|2|a |5 |8 2 |83
- n \ NANNOFOSSIL-BEARING DIATOMACEOUS MUDSTONE
* (% cCl ‘ -
olo|m|e = Ve Major Ehology: ii-bearing di . black (SY 2 5/2). Mainly
= < massive, moderalely bioturbated.
w =
z L SMEAR SLIDE SUMMARY (%):
7] m
o g gc. 22
s s
o S TEXTURE
— - Sitt 30
3 § Clay 70
= = COMPOSITION:
g\ Quartz 5
= Faldspar 5
Clay 47
o Calcite/dolomite 5
Accessory minerals
te E]
Glauconite T
Apatite T
Nannolossils 5
Diatons 30
Sponge spicules T
SITE 688 HOLE E CORE 14R CORED INTERVAL 4295.3-4304 .8 mbsl; 469.5-479.0 mbsf
BIOSTRAT . ZONE/ o i
£ | FossiL cHaRACTER | o, | W gl
5 = Zle zls
« [E]2]|2 blw i 218
o |[Wla|= HEAF GrapHIc sl LITHOLOGIC DESCRIPTION
e [tlw|a Ple|x LITHOLOGY e|&|w N
e l2181%]3 HNEIEIR] Z|15 |4 v
IR alal2l2] & 3|%]&
=|2|2]|2 wlw|=z| = i pr
215|515 [2[z]|8|8] = HEE
L Llz|le]|e ala|o|lel F alw| e 8 5
B % NANNOFOSSIL-FORAMINIFER-BEARING DIATOMACEOUS MUDSTONE
a1 X Major lithology: 1 i ifer-bearing di black (5Y 9 0
0.5 t 2.572) 1o dark olive gray (5Y 3/2) ¥ veins,
e W fo highly fractured in Sections 3 and 4 9 5
1 4
5 b 4 Minor lithology: volcanic ash layer disrupted by lectonics n Section 4, 8-25 cm
1473 b SMEAR SLIDE SUMMARY (%}: 100
1 X/?t 3,13 3,39 4,85 CC7 |05_
M 5] M D N
] |- A
- TEXTURE: . | 0
o ] =
5 2 -7 X Sand 5 — 10 5 -l
N § Sin 0 w8 50
o ol |2| 4 X[4] | Gay 65 6 5 45 115-
° : ] X[
= 7 } COMPOSITION
o 4 au 120
3 w ] Quartz 5 2 5 k]
- - Vs Feldspar 3 2 5 2 N
8 - 1 o t Rock fragments 2 - - 2 | 2 5 — =
gl . ] Clay %5 52— 25
= @ i v Volcanic glass - 10 85 - -
c - t Calcita/dolomite 2 1 T 7 | 3 0 —
r?a 5 ~ Accessory minerals
M - s Pyrite 10 1 - 8 —
& ] 3 4+ t Foraminifers 3 - - 3 | 3 5 -a
o 2 < Nannofossils 20 2 T 10
o S 1 ™ Diatoms W 5 40 .
= - = Sponge spicules T Tr - - ol
= o ] o LE t Fish remains - T - - |40
|- E 3 - =
T 0 v 1 e
b L - =
31| als ] i s e
@ 4 j
datit e i 150—

889 ALIS
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SITE 688 HOLE E CORE 15R CORED INTERVAL 4304 .8-4314.3 mbsl; 479.0-488.5 mbsf
BIOSTRAT, ZONE/ .
£ | FOSSIL CHARACTER | . § 2lm
NE HE A
R E ? E § GRAPHIC E §
@ | =
g lslg|g|, HE gl Lmvotosr | g | 2| w LITHOLOGIC DESCRIPTION
MEIE R HNEEHE Sl s
A HEH R EIEHHE: 314)%
~l2l23)5 FlE|&|8] 5 8|3
1 # | NANNOFOSSIL-FORAMINIFER-BEARING DIATOMACEOUS MUDSTONE
] Major lithology: i bearing . black (5Y
0.5 2.572) to olive gray (5Y 3/2). of soff sed d
1 3 Minor lithology: volcanic ash particle in Section 2, 62 cm,
";'rj 1.0 SMEAR SLIDE SUMMARY (%):
& p
o 7 1,12 1,18 23 262
o 1 D D M M
= e " = TEXTURE:
W g O 7]
e 5 ] Ssil 32 25 25 95
o|a = 3 Clay 68 75 75 5
ale = p
s ;-’ 5 2| A COMPOSITION:
o ]
2 - Quartz 2 T 2 0
] e ] Feldspar 3 T a0
|0 o b Mica, bictite — — T T
o= = b Clay 60 50 - 5
Jf(Z|m|2 1 Volcanic glass e R
LAEZE AR ol . Calci 5 T 5 i
Accessory minerals
Opaques 5 - — -
Micrite — 5 - -
Homblende — - -_ T
Foraminifers 2 5 5 —
Nannofossils 8 20 75 -
Diatoms 15 20 10 -
Radiolarians — T T —_
Sponge spicules — T T -
Echinoid spine? T - — —

6BBE-156R

889 LIS
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SITE

688 HOLE

E

CORE

16R CORED INTERVAL

4314.3-4323.8 mbsl: 488.5-498.0 mbsf

TIME= ROCK UNIT

BIOSTRAT. ZONE/

FOSSIL CHARACTER

FORAMINIFERS

NANNOFOSSILS

RADIOLARIANS

PALEOMAGNETICS

PHYS, PROPERTIES

CHEMISTRY

SECTION

METERS

GRAPHIC
LITHOLOGY

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

MIDDLE MIOCENE

*_ower Miocene ?

#NNE
*B

sundifferentiated| oiatoms

X \\\I'-'I'* S| oAiLLinG pisTuRB.

S S e

*

L2

FORAMINIFER-BEARING DIATOMACEOUS MUDSTONE

Maijor lithology: i b g o very dark gray (3Y 3/1).
General ap s one of of shding crigin. Sub-round to

Minor lithalogies

a. nannolossil-beaning mudstone, very dark gray (3Y 3.52) block floating in the
matrix. Section 1, B0 cm.

b. diatomite as a small bleb in the matrix.

SMEAR SLIDE SUMMARY (%)

1,23 1,77 1,80 1,101
o o M M

TEXTURE:
Sand

Sin

Clay

COMPOSITION:

881
%8
BE .

25|

o

Quartz

Feldspar

Rock fragments

Mica

Clay

Caicite/dolomite

Accessory minerals
Opague/pyrite
Chiorite

Glauconite
Foraminiters
Nannolossils
Diatoms
Radiolarians
Sponge spicules
Siicallageliates

| @3

B3| om
whl |l eon

| e dast] o

| 22Bsal lo w89l ow
11l Bewl |1

A= Bl 3n =&

GBEE-16R

1

cC

889 LIS
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SITE 688 HOLE E CORE 17R CORED INTERVAL 4323 .8-4333.3 mbsl; 498.0-507.5 mbsf
BIOSTRAT. ZONE/ ) :
L | FossiL cuaracTER | , | w g @
5 T A £ls
x |53 E E & GRAPHIC H §
m|= > a
§ -En. § ] " H % ; .. ummoosr [g|2|a LITHOLOGIC DESCRIPTION
V] ala al 2|2 = s|= &
RHEIHHBEHEHEE 25|85
FlE|2|2|a HEAEA I HEIE]
= @ :' s * | DIATOMACEOUS MUDSTONE and DIATOMITE
@ % 5 § Maijor lithology: dialomaceous mudsione, very dark gray (5Y 3/2) and olive gray (5Y
5 gl 4/2) diatomite as driling chips in CC
c
oSl 2|n
=] = SMEAR SLIDE SUMMARY (%)
Sle ®
S cc
5|28 § D
3 == TEXTURE:
-4 o
i~ Sin 95
S 2 Clay 5
w sle COMPOSITION
w sl=
o ulS Quanz A
=} af P F -
= | Rock fragments —
= (3] et Clay T
(] o Calcite/dolomite 1
o Elc Accessory minerals
o al2 Pyrite 2
= = Phosphate 2
=4 Foraminifers —
= a Nannofossils 10
& Diatoms 85
- Radiolarians T
b Fish remains —
3
=]
a
o
-~

CORE 112-688E-17R NO PHOTO AVAILABLE

889 HLIS



SITE 688

CORE 112-688E-18R NO PHOTO AVAILABLE

@
o
£
Q
~ ;
b 3
[} k=
n 2
~ 5
o
8 z 5
o = s
— = 2
s g §
E w m
(-1
L 4 g
sl % :
3 :
i b m
2 7
© -
(%] o
o :
2 s
H M
g
ok E 3
g a
- =
4 2
=
m S374NYS
o S3WNLINELE "Q38
“ “BHNLSIO DNITVIHG
o
e =
o e
S
« &2
[ +] -4
w SHILIN
8
O NOILDFS
AHLSINIHD
SFILHTS0Hd ‘SAHd
w
B2113NDYNOI VS
g mm swoivio | # D3B! U By pUN
& mm swviuvoiove | ¥UBO0!IW BIPPIN JSOWJIAMOT 04 auado! Jamo Jaddn (iiz40m 'S o)) eyeys0o 2
w mm sTssodoNNvN | #QNN U! pPaABD
2 S [Gusaminvacs | #3UB00I N JaMOT
w
=1 10 %208 -3NIL ANIDO0IN ITQQIN
w
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SITE 688 HOLE E CORE 19R CORED INTERVAL 4342.8-4352.3 mbsl; 517.0-526.5 mbsf
BIOSTRAT . ZONE/ i
% FossiL characten | o | 8 g @ B
ale £
5 E ; £ E g‘ RAPHIC E £ o
g|ul&z a|lg|& CY i 2 3 LITHOLOGIC DESCRIPTION
2l=z12(2g| [3]|5|6lz] | “™*o [2]|E|a
HHHEBEHAHEE: MK
~l&|2|&|a Z|E|5|8| % El8|a
# | DIATOMACEQUS MUD
a /
s M Major i : dialomaceous mud, black (5Y 2.51) to dark olive gray (5Y 3:2)
@ ; ajor lithology
] *| " 9 9
°
= 1 N Minor lithology: dolomicrite beds, olive gray (5Y 4/2) 3-4 to 25 cm thick. Bads are in
L b Section 1 (10, 50 and 105 cm) and Section 3 (10 and 100 cm), dolomitization is
@ } ‘ located in more porous beds (silt- or diatom-rich).
°
=2 N SMEAR SLIDE SUMMARY (%)
= 7
t 1,11 1,44 1,80 310 3,23 3. 89
5 X M M D D M M
> %1
13 b4 TEXTURE:
= g l Sand == — - 10 - 10
N 2 Si 90 55 55 60 80
«l® g { Clay 10 45 45 30 5 10
w el S
z 83 % t COMPOSITION:
[I1] o
o 3= X Quartz "5 5 % = 10
< o Clay 7 45 45 25 - 5
= e #* | Volcanic glass — T — T — B0
* o = ‘,l-‘ b1 2| Cacteiosiomie 0 5 5 10 8 W
o *| o i * y minerals
w - T L Opaques T — 5 ; 2 2
= - Pyrite - 25 = — =
o o 3 i~ /? Phosphatic blebs - - — 2 - -
- a [~ ! Foraminifers — 5 —_ = - A
' =1 = =31 |V|*| piatoms 3 15 40 50 3 3
- - Sponge spicules T T T - - -
w ® = = 7 Silicoflagellates aO= W e = i
bt o o =4/ l Plant org. matter - = i 10 - -
w 5 % kvEl
o o 28 W
e S ™~ EZq/0=
. 4| =N
o
1] +-= N 06
E‘ | % 2 ~r - —
o |m|m o
= -
= 3
o
o
E
o
pt
=
)
a

BBBE-19R

cC

889 HLIS
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SITE 688 HOLE E CORE 20R CORED INTERVAL 4352.3-4361.8 mbsl; 526.5-536.0 mbsf
BIOSTRAT. ZONE/ .
Y | FoSSIL CHARACTER w 2| w
z il S|y
@ | o] e =g
¥ |8|5]2 yuls canpmic | 3 I
§ HEIE g8 i . utwocosr | 2|2 | w LITHOLOGIC DESCRIPTION
MEHEEIEHRHEPEEEE =4
f(z|5(5(5| [4leldfs| . 2ls |5
~l8|2|3|a |E|5|8| % HEE
DIATOMACEOUS MUDSTONE
™ : Major lithology: diatomaceous mudstone, dark olive gray (5Y 3/2). Fissility well
Lt B and i g {sliding feat 1
L *
& Minor lithology: ooze and di mud i , finely
laminated, this packet (Section 1, 0-35 cm) is a possible block in the dialomacecus
@ mudsione. Ash layer in Section 1, 140-142 cm.
<
‘i‘ g‘ SMEAR SLIDE SUMMARY (%)
@
la’ T - 1,13 1,15 1,60 1,142
3 - o M D M
= 8
= TEXTURE:
LAESE]
E m|o|v Sand — 10 1 20
S Z|s Silt 80 20 19 70
= Z|o Clay 20 70 80 10
o
- = COMPOSITION:
i
w o Quartz — 2 a 1
= o Feldspar - 3 7 4
w h=d Rock fragments - 1 2 -
o = Mica — 2 1 -
L=l Clay 20 45 ] 5
= o Volcanic glass - T - 88
z Calcite/dolomite 5 1 2 -
wi a Accessory minerals
= =) Pyrite - 3 2 2
(=] ! Glauconite — T 1 —
o b Collophane = — T -
= @ Nannolossils T 1 1 -
g Diatoms 75 40 18 T
- Radiolarians - T 2 —_
= i - 1 1 —
Fish remains — 1 — —
]
£
o
-
e
@
a
a
=2

889 d.LIS
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SITE 688 HOLE E CORE 21R CORED INTERVAL 4361.8-4371.3 mbsl; 536.0-545.5 mbsf G8BE-21R  €C

BIOSTRAT, ZONE/ AY
= | rossiL characrer | | 8 H g
o
HAHE HH 2|2
[ GRAPHIC ale
§ s H é § § % x . CiTaoLige ; H P LITHOLOGIC DESCRIPTION
M ELE .le|2| 8 S|=|8
HHEHHBEHBHHEE 3|18
S HEIE s|E|5|w| & HEE]
* (% * * | DIATOMACEOUS MUDSTONE ot
m (0 @
= e Major lithology: diatomaceous mudstone, very dark gray (5Y 3/1). Only two pieces, 2 0 — -
=z ~ approximately 2 cm in diameter. =
(=
gl e SMEAR SLIDE SUMMARY (%): 25— .
w o o -
al |12 |2 5 30
o — —
= by S
=] °l e TEXTURE —
o
= @ st 50 35 =
- b Clay 50 =
|
g a COMPOSITION: 40"
= ~ Quanz 5 1
= cl 50 4 5 = —
4 Calcite/dolomite 7 By
o Accessory minerals 5 0
2y Pyrite 5 i
= Glauconite L ==
® Foraminifers 3
© Diatoms 30 5 5 — -
Radiolarians ™ |
SITE 688 HOLE E CORE 22R CORED INTERVAL 4371.3-4380.8 mbsl; 545.5-555.0 mbsf -
BIOSTRAT. ZONE/ “ p—
'!:' FossiL caracten | . | 8 gla 10
o= 2le=
o - = @« - 3
A ELE gl L —
g A HHEE sramnie (&) LITHOLOGIC DESCRIPTION 15
z ; j g i T : = - LITHOLOGY g E E -
i 3 212 & 5
HHHHHBEHHEE HHE 80
Fle|lz|]|a HEEEIER] ElR|a -
1 i * | NANNOFOSSIL-BEARING DIATOMACEOUS MUDSTONE 85—
- ==
* % | CC| Major Ithology: i g o black {5Y 3/1) to olive
" o lﬁ' ‘.’, gray (5Y 4/1). 90_
-
E b LLL’.I E SMEAR SLIDE SUMMARY (%):
Q Zlel: 1,9 1,17 95—
HERGE o0 100—
5 >
2 = TEXTURE: =
w 2 Sand - 5 —
E S Silt 50 105
S Clay 70 a5 |
COMPOSITION: | 0
Feldspar — 5 -
Clay 20 20 ”5
Volcanic glass 5 =
Calcite/dolomite 2 5 |20
Accessory minerals
Pyrite 1 15 -
Foraminifers - T
Nar.“ofossils 10 30 I 2 5 T
Diatoms B2 25 -—

889 HLIS
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SITE 688 HOLE E CORE 23R CORED INTERVAL 4380.8-4390.3 mbsl; 555.0-564.5 mbsf
BIOSTRAT. ZONE/ .
= | FossiL cuanacten |, | & 2w
Z wl| = S|e
Slelele £l= £l
FHEEE g, GRAPHIC a5 i —
glsl8lz|. s|E|& uthoLoey | & 2 LITHOLOGIC DESCRIPTION
AHHEHHBHAEEE HEE
£ 12(2(5]|=% wie Z|E| 2 25| 5
lE|2|&]|a F|E|5|8| 7 HEAE
8 :—L : x DIATOM-AND NANNOFOSSIL-BEARING SANDY SILTSTONE
= A X Major lithology: diatom- and nannofossil-bearing sandy sitsione. Dark olive gray (5Y
= 0.5 Ve ‘ 31}, rare burrows. Locally bearing sponge spicules, dolomifized throughout
[ 11
3 1 1 Vi #* | SMEAR SLIDE SUMMARY (%)
@ . .
- 1 .70 3,42 3.4
- o RS 1.0 e ‘ D M D
2| oo 4 06
2 % s ] IW| TEXTURE:
a2
= + Sand 25 55 45
A=l 3 1+ Sit 45 30 25
] a 1- l Clay 30 15 30
[ . —
s| [+ 17 COMPOSITION:
= 2 4
- 1 Quartz 5 15 25
e o l Feldspar 15 10 15
" 4 } Rock fragments 10 10 -
" -+ B Mica -_ - T
= 1 Clay 5 5 8
o 1- Volcanic glass 5 — -
w © o - Calcite/dolomile 33 15 20
= < . ; Accessory minerals — 2 —
w 3 + /i Pyrite 5 3 14
= & 17 # | Glauconite 2 5 3
o o -+ # | Phosphate — — 5
= S al I S| | Foraminiers z w0 s
w . 1+ Mannolossils T — 1
o = [+'3 1~ Diatoms 3 - 2
w o w - Radiolarians T — L
= =lo = I spicules 5 25 10
< Zle = 9 Fish remains — T -
] Z|l= = g
o|Z|= = -
w %% ccl -
£
s
S
>
m
=
o
w
=]
=3
=)
L m
]

889 HLIS
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SITE 688 HOLE E CORE 24R CORED INTERVAL 4390.3-4399.8 mbsl; 564.5-574.0 mbsf

BIOSTRAT . ZONE/ " .
'g' FOSSIL CHARACTER |, | & ] E
o - >
o | w el= w2
g g HE glg], saaemic |3 | g LITHOLOGIC DESCRIPTION
§ tlelz]|, HElE LITHOLOSY | o | & | o ! L
- -1 B 3 HEHE EH L
HHEHEBEHEHEE: 3|42
A HHHHREHHEE HAE
" le a |3 ala|lu|w| = al®|w
& '\-‘"_I- : DIATOM-BEARING SANDY MUDDY SILTSTONE and FORAMINIFER-BEARING
-(; :_L- T MUDDY SILTY SAND
3 P RE l Major lithology: Section 1 to Section 2, 84 cm: diatom-bearing, sandy muddy silistone.
»b- 'V“_Z-v very dark gray (5Y 3/1 buSY:! 5/1). Moderate bloturbation throughout. Variably
1 7] z 1 calcareous and dolomitic. Section 2, 64 cm, to CC: foraminier-bearing, muddy silty
5 2 [l ¥ _/H p; I sand. Rare burrowing
= L1
) ! g_: A % SMEAR SLIDE SUMMARY (%):
! 1. F A X t 1,8 1,20 2,4 2,87
@ ) Vs " M D M D
& -4 -4 Vg TEXTURE
= 7 i . L 2 Sand 40 30 30 35
= 2 B ,_._t_ Sile 25 45 50 35
- L 35 25 20 30
W 3 i NN
w x 5 AN COMPOSITION
o s 5 i . j Quartz 0 15 15 15
= @ 1) I Fi 15 10 10 0
« 1.4 ¥ Rock fragments 5 10 10 5
r |Oolo lccl 4. | - Mica T T — —
Wt o || ||~ — Clay 2 5 15 25
= s Volcanic glass - - 5 -
o [ Calcite/dolomite 5 15 24 10
| o Accessory minerals
S ite 7 15 7 5
2 Glauconite 15 3 1 10
—_ 5 —_— -
o Foraminifers 5 10 - 10
s its - 2 - ]
x Diatoms - 5 10 2
. spicules 5 5 3 5
3, Fish remains — — - T
)
m

889 HLIS
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SITE 688 HOLE E CORE 25R  CORED INTERVAL 4399.8-4409.3 mbsl; 574.0-583.5 mbsf 6B8E-25R 1 2 cc
BIOSTRAT, ZONES : j
= | FossiL cHARACTER 4] 2w
z gl Elw
> [2]a] A |2
g g 2 § - HHE . e |22 " LITHOLOGIC DESCRIPTION
Sle 3 w @ z|=lw
AHHHEHREHAHEE 22 ¢
= 2
EEHEIEHE T|E|5|8| % 8|3
- Fa * | DIATOM-BEARING MUDDY SILTSTONE
= 7 Major lithology: dialom-bearing muddy siltsione, very dark gray (5Y 3/1), massive
o5 6 bioturbation in places
i . 1 . i * Minor lithology: diatomite as rare clasts throughout, olive (5Y 5/2), 0.5-3 mm rounded
3 o~ 7 J/_ to subangular grains,
o 2 2 1.0 # | SMEAR SLIDE SUMMARY (%):
= = = 1
& i 5 b ‘ 1,2 1,32 1,67 1,107 2,65
o @ = M ] M M D
o = - n
- L "y
s 8 g -~ ] TEXTURE
@ . [~ o Sand - 10 10 — 10
i Pl IS B » | Sin a0 75 50 80 50
= = | g 2 ] Ciay 0 15 20 40
o ™o g
N YR E COMPOSITION:
o|Z|n|x 3 Quarz = 15 10 3 15
4 g Y ofel B Fekdspar - 20 15 1 20
Rock Iragments - 5 5 2 5
Mica -_ 1 — T -
Clay — 32 40 13 40
Volcanic glass - 1 6 - -
Calcite/dolomita - - 2 — 5
Accessory minerals
Micrite 100 1 - - -
Pyrite — 7 5 1 5
Glauconite — 2 2 — ™
Foraminifers - - T — T
Nannolossils == = = T T
Diatoms — 13 15 80 10
Radiolarians - T - 13 -
Sponge spicules - 3 T T -

889 LIS
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SITE 688 HOLE E CORE 26R CORED INTERVAL 4409.3-4418.3 mbsl; 583.5-593.0 mbsf

BIDSTRAT. ZONE/ i 2
% FOSSIL CHARACTER a & g §
=« [8|2|g 5| & 8|2
= & -
g|ilalz HH rrvapnl Il n LITHOLDGIC DESCRIPTION
= l=ielals HE IR zlelu
REHHEHEHBEAHEE FIMH
Z|8l=5|5]2 FE(E[8 & HEFE
- T | x a a a o @ 2 a|®|a
*
DIATOMACEQUS MUDDY SILTSTONE
™ Major ithology: diatomaceous muddy siftsione, very dark gray (SY 3/1), massive,
o ‘ Bioturbation locally evident.
Minor lithology:
a. very dark grayish brown (2.5Y 4/2) diatomaceous mudstone as clasis or pellels
throughout,
- w| * b. olive (5Y 5/3) muddy diatomite.
m|m g g SMEAR SLIDE SUMMARY (%)
ol G
0:6 1,1 1,65 1,67 1,88 CC. 6
o c M 1] D D
=8
X TEXTURE
-l o
g E Sand — - - - 10
w E Silt 90 65 70 60
= 5le Clay 10 35 30 30
w
L2, g = COMPOSITION:
= B]
= ol = Quartz 2 5 5 w0 10
£ ® Faidspar 1 = - 16 20
(14 Rock fragments 1 — — 4 2
sl | fgle e : & & ]
= 1 Clay 10 70 35 28 30
= oz Volcanic glass - - b 1 3
- o> Calcite/dolomite 80 - - 2 1
== Accessory minerals
S Pyrite 1 - - 5 3
0:. Collophane T - - 3 —
@ Glaucanite = = 2 4
b Micrite - - - = 1
= Diatoms. 5 25 60 25 22
™ Radiolarians = T - 1 1
al Sponge spicules - L - 2 2
al
=]
~
]
=
o
=
®
=]
-
m
-
m
=
<
S
[
~

889 HLIS
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SITE 688 HOLE E CORE 27R CORED INTERVAL 4418.8-4428.3 mbsl;: 593.0-602.5 mbsf
BIOSTRAT, ZONE/ - .
= | FossiL cHARACTER | , | w 2lo
z G| = ] &
MARE HH HE
w |z |- s GRAPHIC alw
§ = g z " E g % o Limwoogy | @ H " LITHOLOGIC DESCRIPTION
= - 1% 3 z|n
HHEHEHBEHEHEE: 3|:(8
- e = | = - - x x - - ® | W o=
- z|= a e a ol e E alo|e
= T #* | MUDSTONE, SANDSTONE, SILTSTONE, and CALCARECUS SILTSTONE
: 8 Major lithalogy: Section 1, 0-80 em: mudsione, black (N 1/), clay-rich as broken
- fragments in driling slurry: 80-64 cm: large 4 = 3 x 3 cm fragment of dark-gray (N 3,
' brecciated, calcareous siltstone. Section 1, 80~106 cm; mudstone, black (N 1/), and
<] 1 X sandstone, dark bluish gray (5B 4/1), as fragments in drilling slurry. Section 1,
% - 106-140 cm: calcareous silistone, dark gray (N 3/), as cataclastic breccia. Section 2.
w a = 0cm to CC: mudstone, dark gray (N 3/), and calcareous sifistone, mainly fragments
Q f ! 7 [ . but intact cataclastic zone at Section 2, 67-80 cm
o =
w o é Minor lithology: very fine to fine sandsione, dolomite cemented, dark blue gray (58
< w 4/1). and poorly sorted, as fragments and interlaminated with dark gray mudstone
Wila X| || trom Section2, 108-122cm.
8 “lo # * | SMEAR SLIDE SUMMARY (%):
= |+~ |-
= |5l B( 1,5 1,120 2,12 2,31 2104
o f -] 2 Z W o M M D
@
-; g 4 L 1« TEXTURE:
k4 — Sand — — — 40 —
ged fal Gkt o * sin 10 85 20 0 35
Clay 90 a5 80 30
COMPOSITION:
Cuanz 2 10 5 20 8
Feldspar 2 15 5 25 20
Rock fragments 2 5 - 10 10
—_ T -— - 1
Clay B8 23 - 15 &4
Volcanic glass 1 - - = X
Calcite/dolomite 1 15 - 15 2
Accessory minerals
Pyrite‘opagues 3 10 10 = 3
Red-brown isotrophic
coliophane - 10 - — 1
Micrite — 10 B0 15 —
Meta rock fragments - T — — —_
Chalcedony -— — — T
Needies (rutile?
In quartz) - - - T —
e - - - W —
Foraminifers e T - - -
Nannolossils — 2 == = —
Diatoms 1 — - - 1
Radiolanans T — - -_ -
Sponge spicules T - - - -

CORE 112-688E-28R NO RECOVERY
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SITE 688 HOLE E CORE 29R CORED INTERVAL 4437 .8-4447.3 mbsl; 612.0-621.5 mbsf

BIOSTRAT, ZONE/

= | FosSIL CHARACTER g a
Al €|w
£ Y B 2| & H
1] E HE] ;‘ £ GRAPHIC :|5
g|s|8|z HHE umoroer | ol & |w LITHOLOGIC DESCRIPTION
0 Y1 A|*|5]|E| - Zla|w
RHHEHHBHEHEE: El M E
Z1&8|5|9|= 4 E|E|8]| = HFE
~l2|2|a|a ala|lo|lw| 3 HEE
; ;’ ;; * LC * | CALCAREOUS SILICEOUS MUDSTONE, CHERT, QUARTZ, and PHOSPHORITE
@
3 Major lithclogy: & tectonic breccia which includes calcareous siliceous mudstone,
5 chert, quartz and phosphatic material as one piece of 5 cm langth.
o s SMEAR SLIDE SUMMARY (%)
w =
z g cc
o]
5] E
o § COMPOSITION:
= @
Cuartz 5
v c Feldspar 5
w - Clay 75
= = Calcite/dolomite T
o ® Accessory minerals
ol 4 Micrite 10
= o Foraminifers T
= Nannolossils 5
b
=
[
SITE 688 HOLE E CORE 3J30R CORED INTERVAL 4447.3-4456.8 mbsl; 621.5-631.0 mbsf 65 5
BIOSTRAT. ZONE/ o .
‘é FOSSIL CHARACTER | ,, | w g @ —
3=
" FEFE K — e ”
o —
§ 5 5 i i 3| E = umonoor g |2 LITHOLOGIC DESCRIPTION TS
= 3 z —_ -
MHHEHHBERHHE EIME gl
HHHHEREIHE R ilg|2 -
wlz|x|a a e | o = @ | o 80__.
# | SAND, SANDY SILTSTONE, and MUDSTONE —t
w Major lithology: sand, sandy siltstone, and mudstone, greenish gray (5GY 5/1) to dark B 5 —_
‘-ZI-I 0.5 greenish gray (5GY 4/1) and cemented by dolomite. M
o 1 Minor fithologies: 90— "
w % a. black (5Y 2.5/1) to reddish brown (5YR 4/2) phosphate nodule, brecciated. =
w i Wg 1 o b muddy and sandy siltstone. 9 5_ |
a o o SMEAR SLIDE SUMMARY (%) | -
' GG —>
o =q - -5 KVE 1,10 1,87 2,4 27 220 CC 14 Ioo__'
= e 2 s o D D M M M —
HEHEH = ~
% | TEXTURE: lo 5__' 0
Sand 5 40 65 35 5 25 —
Silt 5 30 20 50 40 40 t
Clay 90 30 15 15 55 35 I 0" —
COMPOSITION: s =1
Quartz 10 20 30 20 10 10 -
Feldspar 5 20 15 10 10 5
Rock fragments = 20 25 15 - 5 lzo— —
Mica - 3 T — = - al
Clay - 20 5 10 - -—
Viicanic glass = = 5 a — — '25— -
Calcite/dolomite 7 5 15 s 75 80 =l
Accessory minerals
Apatite 8 - = - - - —_ =
Pyrite et 2 3 5 5 - Iso
Glauco-phosphate — 10 2 1 - - =
Nannotossits — e w 1 i l35.— Lo
Diatoms - — - T -_— — '
Sponge spicules - - - T - - =1
Fish remains = oae X ¥ am = 140— =
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SITE 688 HOLE E CORE 31R CORED INTERVAL 4456.8-4466.3 mbsl; 631.0-640.5 mbsf 688E-31R  CC
BIOSTRAT. ZONE/ .
= |rFossiL cuamacter| , | & 2w
3 =TeTs gz HE
A ;‘ ‘g’ GRAPHIC B
g & E £, § H & 5| . Liwocosr | g 1 LITHOLOGIC DESCRIPTION
ol B 2|2 Nk HE
MHHEHBEAHHE: 3|8
CEHEIELE |E|8|8| 3 HELE]
B C T 75 = I SILTY MUDSTONE
D 0| @
g - - Major lithology: silty mudstone, dmgmyisva!lwﬂhmmwrms finaly 20— —_
Frit % o laminated and gray (N 5/} cab g of o
%) @ anguiar 1o subangular fine-grained quanz feldspar. and rock fragmenis that “include
S g matamoephic rocks, 25 - -
i SMEAR SLIDE SUMMARY (%): =
e 30— —
(=} CC.7 cC.n
a D D
= TEXTURE: 35—
Sand 45 25 =
St a5 25 40“‘ ==
Clay 20 50 —
COMPOSITION: 45— -
Quartz 30 20 "
Feldspar 2% 15 50— =
Rock fragments 23 10
Clay 5 30 =
Voicanic glass T - _— il
Calcite/dolomite 10 20 55
A?wymab i T
hosphate - =
Glauconite 1 - 60
Pyrite 1 5 =
Radiolarians T T 65__
SITE 688 HOLE E CORE 32R CORED INTERVAL 4466.3-4475.8 mbsl; 640.5-650.0 mbsf =
BIOSTRAT. ZONE/ . 70__ .
£ | FossiL cHARACTER | , | & 2w =
5 zlale E 3 s 15— .
8 |Elal= 5 GRAPHIC als -—
g|t|8 i : : g El |, | cocoer s 2. LITHOLOGIC DESCRIPTION 80
R al.12]2]| = Sl=1% e} -
HHHHHBEHEHEE e ~
L I - 3 ela w| = HE G 85__
12 SANDSTONE and SILTY SAND =
% 1, Major lithology: fine sandstone or stlrysanu gray (N 5.5/) to dark gray (N 5.3/, to 90_ =
S 0.3—_] massive gray (N 5.5/) coarse d by . Veins of il
O /| calcidolomite and large Iracture zone appear as dewalering veins. g 5
2 ] o
w i :A_ ‘ Minor lithologies: .
1 o a. plant debris and organic matter in thin bands (<1 mm)
t-_hll jf- - b. phosphatic nodule as grains in the coarse-gramed sand IOO-—' -
g 1/ SMEAR SLIDE SUMMARY (%): I 0 5
s 1/ A 1,83 1,87 1,106 1,143 CC,15 i
2 ] M M
a|olalo = 2 TEXTURE: I10- -
(%% |* - 2] sang s 5 20 = ”5_
Sitt 75 80 10 65 — "
Clay 20 15 i 15 100
COMPOSITION: |20_ ol
Quartz 5 2 40 10 - _.
Feldspar 15 15 15 12 - I25_ =
Rock fragments 20 20 30 a5 - -
15 10 -_ 10 —
Volcanic glass 5 5 T 8 - Iso_ ¥ 4
Calcitaidolomite 30 40 5 15 - -
Accessory minerals 3 _ —_ 5 —
Pyrite 3 2 = - - - —_
Glauconite 3 5 - 5 — Iss_
ate peloids — -_ 10 - — 4
P = £ B2 & 40— ~
e = T § =& -
—_ s v = = |
Foraminifers ™ — — — - — -
:mncfossi!s 1 1 — ™ - |45_‘
adiclarians T T — — - N
Organic matier —_ - - — 100 150"'“ i .
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SITE 688 HOLE E CORE 33R CORED INTERVAL 4475.8-4485.3 mbsl; 650.0-659.5 mbsf
BIOSTRAT. ZONE/ .
= |rossiL cuamacrer | , | 8 gl
HAARORRHE HE
bt al=< GRAPHIC HRT
§ § é z 4 § g g g| . v ; E . LI THOLOGIC DESCRIPTION
HHEHEHBEHOHHE I
SHHEHEHBHHHEE HEE
1/] SANDSTONE, SAND, and MUDSTONE
g :.L Magor lithology: fine sandstone and medium o coarse-grained sand, gray (N 5.5/ fo
s FEPE dark gray (N 5.3/). Black (5Y 2.5/1) mudstone. Cemented by dolomite.
i 1 :.L 4 Minor lithology: phosphalic nodules
o E i
i 2 ool |1 .o—_/“ SMEAR SLIDE SUMMARY (%):
¢ © o=3 1zt 1,80 2,3 2,65 289
3] = Sl ] M M M D
=4 n W
w - ‘_{_- #* | TEXTURE:
4l 15le 1 S 0w %
=) oz 4 = n 2
'F_' f 3 ' 1,k * Clay Kl 69 -
= i -'L1: COMPOSITION:
L VA *
2 ] Quartz g - 10 25
- Feldspar § 20
= 14 Rock fragments - - — 10
1,k Clay _ - B0 —
3] 1 Calotldatomit ®x ®» @ =
o|@|m|o 14| o
*|w(wfw CC My . W o = —
Glauconite - —_ T =
Opagues — — 3 —
Phosphate —_ — -_ 20
Hormblende — - — 5
Radiolarians -— o T -
Sponge spicules T — — —
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SITE 688 HOLE E CORE J4R CORED INTERVAL 4485.3-4494 .8 mbsl; 659.5-669.0 mbsf
BIOSTRAT. ZONE/ :
£ | rossic cuamacten | | © glg
AL E|E HE-
13 3 = = 3
£12)2 HEIE eaemie 128 LITHOLOGIC DESCRIPTION
§ E § s 2 H i 5\ |l = tkhadd 2 E &
v 1 Z|8|2|3 al -|2|12| = Sl=| =2
£ |2l2l351% Slelzlsl & A
=4 o = | = - - x w W 3 W -
e L a [ o w = a @ @
SAND and MUDSTONE
o~ Major lithology: sand, coarse fo medium grained and poorly sorted. gray (N 5/
@© 0.5 Calcile veins and dewaltering fractures, Black (5Y 2.5/1) massive to moltied
c i3 mudstone, highly fractured
@
1
- SMEAR SLIDE SUMMARY (%}:
1] 1]
z Ol % 2,20 278 283
& - D M M
2| |2
TEXTURE:
o . 1 EXTURE
w 3 * | sana 5 5
i 4 gun 20 50 30
[a] N lay 75 45
o o 2l o
= s % b » COMPOSITION;
a * | quarz 10 20 20
bl il < i CCl Feldspar s 2 5
c Clay 68 48 68
O Volcanic glass T 2 -
2 Calcite/dolomite 10 5 2
w Accessory minerals
Pyrite s _ a
= Mannofossils 2 - 2
o
2
=
e
o
Ed
=
=k
SITE 688 HOLE E CORE 35R CORED INTERVAL 4494 8-4504.3 mbsl; 669.0-678.5 mbsf
BIOSTRAT. ZONE/ <
£ | FOSSIL CHARACTER | g e|a
E glE Sle
% g B % Glg GRAPHIC 5 E
@ a
é E § R '3‘ E E Limorosy | g | 2| w LITHOLOGIC DESCRIPTION
BB NEEE: HEE
N EHHEIREHEE: HHE
= === alz|¥lE] & 3 =
Lo E x x| a o a o “ k] a 2 “w
-1 - : Q NANNOFOSSIL MARL, NANNOFOSSIL CHALK, and CALCAREOUS SILTY
w 1 - MUDSTONE and MUDDY SILTSTONE
z : b s N I
w - 0.5 - - i Major Whology: Sechon 1, 0=75 cm: nannofossil marl, biack (5Y 2.51), pynitic and
g o . - = phosphatic, massive. Section 1, 75-94 cm: nannofossil chalk, greenish gray (5G 51),
w Z| o 1 7 Q - silty, highly fragmented. Section 1, 84 cm, 1o CC: calcareous silty mudstone and
1 muddy siltstone, dark greenish gray (SGY 3/1), rare sand laminae. possible ripple
w 2 - < § cross-lamination. Bioturbation
3l (218 2 Bkid e
S |pl2 E o o : Z #* | SMEAR SLIDE SUMMARY (%):
i =3
= = w 1,30 1.80 1,125
| w| | 1% ! O
TEXTURE:
Sand — 5 5
Sin 75 55 50
Clay 25 40 45
COMPOSITION:
Cuartz 6 8 9
Feldspar 10 12 18
Fock fragments 5 - 8
Mica 1 — -
Clay 6 = 36
Volcanic ylass 2 1 -
Calcite/dolomite 15 9 15
Accessory minerals
Pyrita 10 7 3
Phosphatics 10 — 1
Micrite 5 10 5
Foraminifers T —_ s
Nannofossits 30 53 5
Radlarians T — -

889 d.LIS



L66

SITE 688 HOLE E CORE 3J6R CORED INTERVAL 4504 .3-4513.8 mbsl; 678.5-688.0 mbsf

BIOSTRAT, ZONE/ - .
= | FOSSIL CHARACTER | , | w g @
35T A 2|&
« | 8|32 g Wl GRAPHIC Z|5
el S APHI a
§ H] § g, g E E = LiTHoLOGY | o § @ LITHOLOGIC DESCRIRTION
o |2|8|2|2] |E8|a|2]2] i
3 |2|E|la|% “l12l&|5]| = 2lal3
R HEIEE HEHEEEIR] HEE
b— - SANDSTONE and PEBBLY SANDSTONE, SILTY NANNOFOSSIL MARL, and
© 3_'_ X SILTSTONE
- 4
a o 5~“""‘ & Major lithology: sandstone and pebbly sandstone, ﬂark gray (N4, N s; vury fine to
= o o bo # | fine-grained, rarely coarse grained, g grad g
* 1 1 X rounded clasts of quartz, sedimentary rocks, rnua np-up clasts, ana volcamu
1 * Section 1, 0B and 110-140 cm, Section 2, 0~16 and 105-126 cm. and Section 4,
] 21-45¢em.
tuy 1
# Siity nannolossil mar, black (N 1), less calcareous from 140-150 cm. Section 1,
X * 8-110 and 140-150 cm, Section 2, 16-105 cm, Section 3, 42 cm
o X Siltstone, dark gray :N 4} sanuslune dark gray (N 5, N 4}, and mudstone, dark gray
o A *Ng d plant-debris along individual laminae.
= Rare cross-lamination. Section 4. 21 cm, and CC. 0-20 cm.
w * I Siltstone, dark gray (N 4), with parallel gl . Plant debris
=z 2 ! * concentrated along individual laminae, Section 2. 126 cm, Section 3, 42 cm, and
8 | Section 4, 45-62 cm.
a =L SMEAR SLIDE SUMMARY (%)
w © — 1,80 1,131 2,13 2,65 2,130 3,10
| o 1 * o o M M M M
a = -
2] = TEXTURE:
= —{ * | sand 0 e 15 2 W —
— % | Sin 60 35 80 70 70 100
3 — Clay 5 5 10 - -
.@. COMPOSITION:
E Quartz 15 25 20 20 15 —
Faldspar 20 30 15 10 10 -
Rock fragments — 12 10 10 15 —
Mica —_ — 1 2 -— -
o Clay 5 — 5 5 — —
o 4 Violcanic glass 3 - 1 2 - -
z Calcite/dolomite 7 5 30 1 [
Accessory minerals - 1 — — - -
o(*|lo|a Pyrte | 4 e 1 2 - =
|| %] * CC] Opaques o 5 = —] i i
o Zircon T ¥ = = == =
18 Altered grains — 20 - — - -
% Micrite — — 15 2 - -
Chiorite - - — 1 —_ L
Foraminifers 3 - T — 3 -
Nannolossils 30 2 =% o 1 o
Radiolarians - - - T —_ -
Plan debris - - s 45 50 100
Organic mafter 13 - 2 — - -_
3,37 3,50 4,58
D M o]
TEXTURE
Sand - 35 5
Silt 70 a5 g3
Clay 30 20 2
COMPOSITION:
Quartz 20 40 35
Faldspar 15 25 25
Rock fragments 10 10 5
Mica 2 - -
Clay 29 15 2
\olcanic glass 5 2 5
Calcite/dolomite 2 T 10
Cement — 1 —
Pyrite 2 2 -
Opaques — — 5
Acicular crysials - 2 T
Altered grains -_ — 10
Micrite 3 1 -
Chiorite 1 — -
Coliophane 3 - ==
Foraminifers b T T
3 — 1
Plant debris = 2 2
Organic matter 5 = =
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SITE 688 HOLE

BIOSTRAT. ZONE/
FOSSIL CHARACTER

m

CORE 37R CORED INTERVAL 4513.8-4523.3 mbsl; 688.0-697.5 mbsf BSBE-37R

GRAPHIC

LITHOLDGY LITHOLOGIC DESCRIPTION

TIME- ROCE UNIT
FORAMINIFERS
NANNOFOSSILS
RADIOLAR| ANS
DIATOMS
PALEOMAGNETICS
PHYS. PROPERTIES
CHEMISTRY
SECTION

METERS

DRILLING DISTURB.
SED. STRUCTURES
SAMPLES

SILTY SANDSTONE and SILTSTONE

Major lithology: silty sandstone, dark gray (5Y 4/1, N 4/), petbly in places, quanzose,
locally calcareous. Containing rip-up clasts of interbedded sitistone and pebbiles of
mifiy quarz cherl, micritic Section 1, 0-80 cm; Section 2,

135 cm, to Section 3, 2 cm; and CC, 014 cm.

Siltstona, dark gray (N 4/=5GY 4/1), calcareous in places. contains plant debris.
Parailel iaminated and interflaminated with dark blue-gray sandstone
Nannolossil-bearing, especially finer grained parts. Section 1, 90 cm to Section 2,
135 cm: and Section 3, 2-18 cm

*NP13

SMEAR SLIDE SUMMARY (%)

NS TSNy

.26 1,33 1.3 2
M o M D

LOWER EOCENE

TEXTURE

Sand 10
Silt 80
Clay 10

15 5 25

588
B
a8

2

15

COMPOSITION:

Quartz

| Feldspar

Rock lragments
Mica

Ciay

Volcanic glass

Calcite

Accessory minerals
Glauconite
Cryplocrysatlline
silica {char)
Micrite
Acicular crystais
Pyrite

*P .6
*NP13
B

*B
Sl

|lswlwlnas®
a
a
MRS S

llwlllllwn
@
Il e
[

Needies
Foraminifers
Nannolossils
Diatoms
Radiclarians
Plant debris
Organic matter

glall«lwml
Alalllal

(T T I - (R e e
o

lewl | 1=t =] |
[AEEEEEEEE 1
|

|1l dml | awl

5]
I
3

TEXTURE:

Sand
Sit
Clay

COMPOSITION

288

Quartz

Feldspar

HAock fragments
Mica

-

NS

Clay

Volcanic glass

Calcite’dolomite

Accessory minerals
Glauconite
Micrite

w
~

Acicular crystals
Pytite

Chiorite
Foraminifers
Nannofossils
Radiclarians
Fish remains
Piant debris
Organic matter

Slelmewal a-
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SITE 688 HOLE E CORE 38R CORED INTERVAL 4523 .3-4532.8 mbsl; 697.5-707.0 mbsf
BIOSTRAT, ZONE/ - .
T | FosSIL CHARACTER | , [ w g 4
3 ol|= 2lE £ls
= [2[2]% % & GRAPHIC L
- = a
§ § § E s E g E 2] . LITHOLOGY e g @ LITHOLOGIC DESCRIPTION
= "6l 3 =
AE HHEHEEHHEE: EHHE
= o g - - - x x u =3 T | w | =
. = | o a a L= o« a3 alw|w
SANDSTONE, SANDY MUDSTONE, CONGLOMERATE, PEBBLY MUDSTONE, SILTY
MUDSTONE, and MUDSTONE
lithology: sandsione and sandy mudstone, very dark gray fo black (5Y 41, 5Y
2.5/2). fine 10 coarse-grained, moderately well sorled, locally containing glauconite
1 - and phosphate peloids. Section 1, 0-82 cm,
< Granule pebble conglomerate, gray (N 5/), with yellow brown, dark brown, black and
while, angular to subangular clasts of chert, vein quariz, shell fragmants, and
Z mudstone. Section 1, 82-109 cm.
v ’/- level Pebbly mudstone, dark gray (5Y 4/1), mainly i clasts of and
A% mudstone. Section 1, 108-145 cm.
§ Sifty mudstone and mudstone, dark gray, black, dark olive gray (5Y 4/1, 5Y 2.5/1,
N 4/) with sandstone, silty, lithic. Common fine paraliel laminations, some with
w . - carbonaceous malerial. Rare pebbles of white quartz in Section 4. Section 2, 0 cm, to
] 2 4 7] ; Section 4, 96 cm.
b ] g 52 SMEAR SLIDE SUMMARY (%)
o g =
2 ] n 1,69 2,69 3,36 4,40
E 7~ [} D D [+}
g ] Z
g ] 3 v TEXTURE:
4 17
g p 72— Sand 30 40 70 40
A=K 0 30 20 38
3 ; Clay 30 30 10 25
Z COMPOSITION:
$ — Quartz 25 20 20 40
® o =t Foddspar 20 10 15 20
= Y Fock fragments a0 40 85 15
@ N Mica — - - )3
P N A Clay 20 10 - 10
w (7 | Accessory minefals
1 % | Pyrite framboids 5 — - 5
5l -/" Carbonaceous matter  — 0 = 0
z E 4 ? Glauconite — — A —
o
| Z|o|m —
LR IR BE _/‘
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SITE 688 HOLE E CORE 39R CORED INTERVAL 4532.8-4542.3 mbsl;: 707.0-716.5 mbsf
BIOSTRAT, ZONE/ W .
£ |rossic cuamracTeR | | w AR
5 2l=le Z|E 2|3
FHFIHE glg), GRAPHIC HE ITHI RIPT
gltlglz], HHE R Liotosr [ o 2| m LITHOLOGIC DESCRIPTION
= @ I
HHEHHBEAHEE: S
| X|a|% Jlrx|w|oe] = Z|lal=
- = - - - - x x - - o w -
= z x| e a o o| e > ol e @
g SILTSTONE, SILTY MUDSTONE, and SANDY MUDSTONE
v Mayor lithology: siltstone, silty mudstone, sandy mudstone, dark gray (N 4, 5Y 4/1),
[o] calcareous, with laminae of sandstone, dark bluish gray (58 4/1), in paralie! laminated
intervals of 1 mm to 5 cm. Local concentrations of plant material along laminae and in
~ 1 ( one small scour.
c
@ 7 7/' - Section 1, 18-30 cm: sandstone, dark gray (N 4, 5Y 4/1), quartzo-feldspathic. iithic,
2 s § E finely laminated, calcareous.
o -
i . :- § Section 1, B6—110 cm: silty mudstone, dark gray (N 4), massive, calcareous
& al 7 Section 3, B8-92 cm, CC, 0-10 cm: calcateous phosphatic sandstone, gray (N £),
%) al pioclastic (including oysters), very fine-grained phosphatic peloids and apatite
< =2 2 cament, sparry calcite coment and vein infill
w
= § 2 o SMEAR SLIDE SUMMARY (%):
g e ’6 1,23 1,98 2,13 3,30
o X o] D M [+]
o 4
- - > TEXTURE:
e
© e Sand 5 30 5 40
= ; * Silt v 2B 67 o -
by _- # | Clay 25 45 28 30 —
& o
™ ; 3 Ve COMPOSITION:
E g : > Quarnz 35 20 30 15 30
m|Z| 2o b4 Feldspar 20 15 15 15 -
LAR AR AR T i ﬁ Rock fragments 20 15 10 18 =
Clay 5 a5 17 20 -
Volcanic glass - — T = E:
Calcite/dolomite 15 — ] 30 =
Cement - = — - =
Accessory minerals
Pyrite framboids 1 & - 2 -
Acicular crystals 1 —_ T - -
Glauconite - ™ T -_— -—
Calcispherefi— L — = = =
Micrite = = L] - —
Phosphate - - = -_ —
Foraminifers = 2 T == —
Nannolossils - 2 4 -_— —
Figh remains - —r - - —,
Plant debris — — 3 — 70
Organic matter 3 5 5 — -
Bioclasts - = = - -

1
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SITE 688 HOLE E CORE 40R CORED INTERVAL 4542.3-4551.8 mbsl; 716.5-726.0 mbsf GBBE40R CC

BIOSTRAT. ZONE/ .
£ | FossiL cHARACTER | @ glm
g — S|z I
5 |E HE THE Ol HE LITHOLOGIC DESCRIPTION
§'§3§“ HELFIM™ uthoLosy o |E | w
ol i 2|2 2l lels| & 31|z
$(2|2[5]|5] |4|e|28|5)|¢ 2la|§
Fl2|2l2|a I|E|5|8| % R
w | X[ *]*]* L L BIOCLASTIC LIMESTONE
Z |@|@oo
w Maijor lithology: bioclastic limestone, gray (N 5/, N 4/}, silty, foraminifer-rich, Mollusk
') shells, in several concentrated shell layers; some shells still articulated
o
w SMEAR SLIDE SUMMARY (%):
[ 4
w CC. 10
= o
< TEXTURE:
Sand 55
Sitt 20
Clay 25
COMPOSITION:
Cuartz 10
Feldspar 3
Rock fragmaents 2
Calcite/dolomite 20
Cement 10
Accessory minerals
Pyrite framboids 2
Phosphate peloids 1
Foraminifers 30
Fish remains 2
Organic matter 10
Bioclasts 10
SITE 688 HOLE E CORE 41R CORED INTERVAL 4551 .8-4561.3 mbsl; 726.0-735.5 mbsf
BIOSTRAT. ZONE/ x
£ |FossiL cramacTER |, [ © H
5 aT= 2l g HE
(5|22 g GRAPHIC 3 5
9 ® | =
g ; 2 g, E % E (1 LITHOLDGY e @ LITHOLOGIC DESCRIPTION
HEIELE ] 2le =
A HHEHBEHEHEE: lg|§
Fl2|2|2|a Z|E|5|8| 3 HELE]
X # | QUARTZ ARENITE, MUDDY MICRITIC LIMESTONE, SANDY MUDSTONE,
£ ‘;/'E SILTSTONE, MUDSTONE, and DRILLING BRECCIA
% 0.5 — Major lthology: quanz arenite, dark gray (N 4/), slightly calcareous, faintly laminated;
w X with dark brown burrow liils (0.5-2 cm). Section 1, 0-32 cm,
Q 1 ]
(=] p v § Muddy micritic imestone, dark brown (2.5Y 3/2), rare burrows, white blebs of
w 1.0 o calcareous material, calcareous cement. Section 1, 32-50 cm.
K 9 g Sandy mudstone, siltstone and . black to dark gray (5Y 2.51; N 3), as
= 1 ) broken fragments in soup. Section 1, 50-150 cm and Section 2, 027 cm
o
) 2 Fragments in drilling breccia of calcareous quartz arenite. dark gray (5Y 31);
dolomicrite, dark brownish gray (10YR 5/1): dominantly small pieces of black
o|mo|m cc * (N 2/=N 1/) silty mudstone. CC, 0-28 cm
L AR AR AR
SMEAR SLIDE SUMMARY (35):
1,18 1,40 1,65 CC, 10
o M D M
TEXTURE:
Sand 65 — 25 -
Sil 25 30 25 20
Clay 10 50 80
COMPOSITION:
Quartz a5 10 15 3
Feldspar 15 - 10 T
Rock fragments 20 - 10 -—
Clay B 35 40 10
Calcite/dolomite 10 20 15 15
Accessory minerals
Pyrite 2 2 5 3
Cpagues 10 = = =T
Organic matter — 3 5 -
Micrite — ag = ]
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SITE 688 HOLE E CORE 42R CORED INTERVAL 4561.3-4570.8 mbsl; 735.5-745.0 mbsf
BIOSTRAT. ZONE/ = ;
L |FossiL cHARACTER | o | w £l
HABOREHE
g |E|gl2 HEIF okl 2 LITHOLOGIC DESCRIPTION
€ |z|8|5]e 1815 z] LiThoLoGY | o E @
L k3 =3 =] - = - 3 por’ ]
HHE R EREIHHEE: =P E
= =3 - | = - - x T - wl = ad -
Lo - T | a alalo|e Ed ol e @
) X @ MUDSTONE and SANDSTONE
- X
o - Major lithology: mudsione, dark olive gray (5Y 3/2), with requent thin-very thin
% = 0.5 : < interbeds of sandy mudstone, dark gray (N 4/). M y
- - L *®
ur 1 7 i < = Minor ithologies: sandy siltstone, dark olive gray (5Y 3/2), with mollusk shall
8 ] / 1 fragments and mudstone rip up clasts, Section 1, 0—18 cm, sandstone, dark gray
(] 0 7 = {N 4), lithéc, fine 1o medium grained. Section 1, 18-32 cm,
4 | Bl ==
o g 71— SMEAR SLIDE SUMMARY (%):
w ] g
g <=M 118 140 1,65 CC.10
M M
' 2 ) —1* P o
o 2 ol 1 TEXTURE
o|Z|lo|lo b%
* || cC ol Sand 85 50 25 -
Sin 25 30 25 20
Clay 10 20 50 B0
COMPOSITION
Quartz a5 10 15 3
Feldspar 15 - 0 -
Rock Iragmenis 20 10 =
Clay 8 35 40 10
Calcite/dolomite 10 20 15 15
Accessory minarals
Pyt irambosds 2 2 5 3
Cpaques 10 - - —
Micrile - 30 - 69
Plant debns 3 5 -

G8BE-42R

11

(3]

cc
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SITE 688 HOLE E CORE 43R CORED INTERVAL 4570.8-4580.3 mbsl: 745.0-754.5 mbsf

BIOSTRAT. ZONE/ !
= | rossiL cuaracten | o | 8 o,
£ o= S| ¥
CARA R e - B
«|E|2]% wlEl casnic | 3]G
§ lefz], slg|&]. utHoLosy | o | 2| w LITHOLOGIC DESCRIPTION
158|122 HNEER: R
y|32[E]8 HHEFHE =2 R
clel=|=|2 a|z|z|a| w Elw|=
L z -3 o a o o “ 3 =] « -
= TN MUDSTONE
't'_) v é ¥ Major lithology: mudstone, dark olive gray (5Y 32}, massive, moderate bioturbation in
o 0.5 4% ! places.
= - o
* 1 = X Minor lithology: dark gray (5Y 4/1) nannofossil chalk, muddy chalk as thin (5-10 mm)
. < interbeds., abundant in CC.
17 SMEAR SLIDE SUMMARY (%):
: > 1,46 CC.12 CC,13
s § D D o
- § TEXTURE:
=he Sand 1 - —
Sit 40 20 15
2 u Clay 58 80 B5
w
I.IZ.I I COMPOSITION
2 Y “ Quarz s ™ 5
w b Faldspar 5 — 2
(o] Clay 46 10 8
o Voicanic glass 5 - T
w § Calcite/dolomite 3 - -
g Accessory minerals - - T
Pyrite framboids 5 5 5
- -L Hombiende -
3 1 Foraminifers — L -
Nannolossits 1 85 40
J__'/' Plant debris - ™ -
L[A
=
N
© >4
o ol 4 N
= e rd
- .
i TN
et . /7
© oS . W
m|m — *
* :’ LAE S olw o= _| - Py
a
=
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SITE 688 HOLE E CORE 44R CORED INTERVAL 4580.3-4589.8 mbsl: 754.5-764.0 mbsf

BIOSTRAT. ZONE/ o X
£ [FossiL cHARACTER | , | w £le
% ralale 4 2le
A E ulE GRAPHIC 2|5 I
@ | = o
e ls8lz]. g gk g| o | comocoer |g 2| LITHOLOGIC DESCRIPTION
v lalg|l2]2 5|.|12/8] & Sl=]3
H HHEEHBREEHEE 3s|8
- |&|2|8]a HEAEIEIRE HEE
lip ;E MUDSTONE .
il EF Major iithology: mudstone, dark olive gray (SY 3:2), nannotossi-bearing with some
- jpaler layers of nannolossil-rich mudstone. Common bioturbation. Parallel lamination in
- X places. scattered foraminifers,
w =X
= A% SMEAR SLIDE SUMMARY (%) l
w y
o S 2, , Al
S : %‘_—t 23 240 26
o 17 TEXTURE:
i 07 by
= o 2/ Silt a0 20 70
3 — 4/ ﬁ Clay 70 80 30
o .
= = ; ﬁ COMPOSITION: .
* n
@ 1B | ouanz 5 0 6
o @|m 1./ Feldspar 5 8 10
LR AR AR ] : % Clay 55 30 -
[y} Voleanic glass — 5 -
= Calcite/dolomite T — —
o Accessory minerals
= Pyrite framboids 5 2 5
Nannolossils 20 45 T
Radiolarians T — -
Plant debris — — 25 .
SITE 688 HOLE E CORE 45R CORED INTERVAL 4589 .8-4595.3 mbsl; 764 .0-769.5 mbsf I
BIOSTRAT. ZONE/ o 5
= | FOSSIL CHARACTER | ., | w LA™
g v = 2 }{'
w | ®la El& wl2
5 & ; =2 ¥ ‘g - GRAPHIC 2 o i RETH I
g ; @ E » 5 ElE|, LITHOLOGY a Ei - LITHOLOGIC DESC oN
L 15]8(2]2 3| .|2le| 8 R
2 |2|%|la|% slefd|sl & 2ls|5
S las|=x|=]2 HEIEAIRT z|lw|=
- " | a a a o “ 3 = @ w
—T—7—T
o SILTY MUDSTONE I
1 == L
3 b — Major lithology: silty mudstone, dark gray (5Y 4/1; N 4/), calcareous with very fine
0.5 J_ sandstone as laminae in parallel laminated intervals, and as common thin beds
=4 [ - throughout. Frequent small-scale ripples, starved ripples and low-angle climbing
1 3 @ ripples. Several laminae rich in plant material I
o - \ § Minor fithalogy: olive (5Y 4/3) micrite In Section 1, 0-10 em
() by £ —
O ] % SMEAR SLIDE SUMMARY (%) l
& ki —
w 7 -}—: 2,108 2,142 3,56 3,57
e 1 4 = M M D M
w -
= ] rd TEXTURE I
o g ANIB] | sanc 85 90 —
2| 3 L S 3 10 15 48
- = ‘ Ctay - — 5 54
- L
E | | COMPOSITION
. LI | cvanz 0 6 — a0
AL Faldspar 2 - - 5
G = Rock fragments 30 20 - 5
- 1 Clay - - — 42
- 7] Calcite/dolomite 3 10 - 2
o« a . L # Accassory minesals — 5 - =
o 3 L Opaques 5 5 - -
- ir Pyrite = — - 3
ﬂ.!l f m lf ] i i Micrite - - - 8 1
* Cl = i Acicular minerals - - - T
Nannolossils — - - 4
Plant debris _— — 85 1 I

CORE 112-688E-46R NO RECOVERY
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