19. SITE 687!

Shipboard Scientific Party?

HOLE 687A

Date occupied: 0700 L, 3 December 1986

Date departed: 1830 L, 3 December 1986

Time on hole: 11 hr 30 min

Position: 12°51.78'W, 76°59.43' W

Water depth (sea level; corrected m, echo-sounding): 306.8
Water depth (rig floor; corrected m, echo-sounding): 317.3
Bottom felt (m, drill pipe): 316.3

Penetration (m): 207.0

Number of cores: 22

Total length of cored section (m): 207.0

Total core recovered (m): 108.29

Core recovery (%): 52.3

! Suess, E., von Huene, R., et al., 1988. Proc. ODE Init. Repts., 112: College
Station, TX (Ocean Drilling Program).
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Oldest sediment cored
Depth (mbsf): 207.0
Nature: diatomaceous mud
Age: Quaternary/Pliocene

HOLE 687B

Date occupied: 1830 L, 3 December 1986

Date departed: 0600 L, 4 December 1986

Time on hole: 11 hr 30 min

Position: 12°51.78' W, 76°59.43'W

Water depth (sea level; corrected m, echo-sounding): 306.8
Water depth (rig floor; corrected m, echo-sounding): 317.3
Bottom felt (m, drill pipe): 315.6

Penetration (m): 195.3

Number of cores: 22

Total length of cored section (m): 195.3

Total core recovered (m): 87.43

Core recovery (%): 44.8%

Oldest sediment cored
Depth (mbsf): 195.3
Nature: diatomaceous mud
Age: Quaternary/Pliocene

Principal results: Site 687 is located on the seaward flank of the tectoni-
cally stable Lima Platform, which forms the eastern and southern
boundaries of the Lima Basin in this area. This shallow-water site
was selected (1) to obtain a high-resolution record of Quaternary/
late Neogene upwelling and climatic histories, (2) to evaluate the role
of the oxygen-minimum zone on organic matter burial, and (3) to
document in detail early diagenetic reactions and products specific
to the coastal-upwelling environment.

The sediment at Site 687 consists of diatomaceous mud with
large variations in composition and texture. The compositional vari-
ation reflects different proportions of authigenic dolomite and cal-
cite as well as biogenic calcium carbonate, mainly foraminifers and
mollusks. The texture varies according to its sand and silt contents,
which are higher at Site 687 than anywhere else along this paleocean-
ographic transect off Peru. Lithologic units are subdivided by the
frequency of sand and silt interlayers. These units display a trend
from laminated intervals with little textural variation and rare bio-
turbation to laminated and bioturbated intervals containing more
frequent sand beds. Accordingly, the depositional environment at
Site 687 is thought to have changed over the past 2.5 m.y. from one
equivalent to today’s slope environment to an outer-shelf environ-
ment and then back to upper-slope environment. These changes are
consistent with assemblages of benthic foraminifers, which also in-
dicate low oxygen contents for the deep habitats. In all sections, dia-
tom floras were found to be characteristic of different intensities of
coastal upwelling and fertility. At least five prolonged phases of in-
tense coastal upwelling and high productivity occurred during shal-
low- and deep-water periods at Site 687.

Diagenetic products are common throughout the cores of Site
687. Of these, friable phosphates occur only in diatomaceous mud
units, but dense phosphate peloids are present in all lithologic units,
especially as conglomerates at the base of erosional contacts. Both
authigenic calcite and dolomite are abundant in the sediments as dis-
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SITE 687

seminated crystals in unlithified sands, silts, or muds and as fully
lithified nodules and beds. The first dolomite bed occurs below the
zone of sulfate depletion and coincides with an increase in methane.
In this zone, biogenic methane is accompanied by persistent and
anomalously high ethane contents, the source of which is unclear. A
subsurface saline brine is evident in a strong chloride anomaly. There
are subtle differences in the Ca?*, Mg?*, alkalinity, NH;, and PO}~
profiles affected by the brine between Sites 686 and 687. These are
thought to be related to the rates of sedimentation, authigenic min-
eral formation, and metabolism. We believe that the loading of me-
tabolites occurs during the brine’s subsurface passage through or-
ganic-rich sediments that undergo decomposition by sulfate reduction.

BACKGROUND AND SCIENTIFIC OBJECTIVES

Sites 686 and 687 are important stations on the main pale-
oceanographic transects across upper-slope water masses and
along the latitudinal range of sedimentary basins underlying the
Peru coastal upwelling regime. These transects were designed to
study the history of the upwelling environment in a three-di-
mensional framework. The sites constituting the depth transect
are Site 681 at a water depth of 146 m, Site 680 at 252 m, Site
687 at 307 m, and Site 686 at 443 m. The sites of the latitudinal
transect are Site 684 at 9°S, Site 679 at 11°S, and Site 686 at
13°S (see “Background and Scientific Objectives” section, Site
679 chapter, Fig. 1); all these latter sites are within the same wa-
ter depth of 450 +20 m. Some general considerations apply
equally to Sites 686 and 687, while others apply specifically to
each site. Therefore, the first part of the respective “Background
and Scientific Objectives” sections of the Site 686 and 687 chap-
ters (this volume) are identical, whereas the second parts con-
tain separate discussions for each site.

General Objectives

Site 687 at the southernmost end of the Lima Basin (Fig. 1)
and Site 686 in the West Pisco Basin were selected to provide a
continuous high-resolution record of the upwelling and climatic
histories, mass accumulation rates of biogenic constituents from
an upwelling regime, and detailed documentation of early dia-
genetic reaction pathways and products of Quaternary and pos-
sibly Neogene sediments. Upwelling objectives address the de-
velopment of (1) the oxygen-minimum zone and its role in or-
ganic-matter sedimentation and preservation through time, (2)
latitudinal shifts of upwelling centers during climate cycles, and
(3) records of water-column parameters, especially temperature.

The History of Oxygen-Minimum Zones and Upwelling

The oxygen-minimum zone in the Peruvian upwelling regime
today is strongly developed and intensifies from north to south
because of cumulative oxygen consumption within the poleward-
flowing undercurrent (Packard et al., 1983; Codispoti, 1983).
Consequently, it shoals along its path by about 300 m through
the sites on the latitudinal transect. Sea-level fluctuations and
tectonism superimpose additional long-term trends on the dis-
tribution depth of sediments that were deposited within the oxy-
gen-minimum zone. We expected sampling at the latitudinal and
water/depth transects to allow us to evaluate these trends sepa-
rately.

Upwelling plumes generated along today’s eastern-boundary
current system off Peru show a distinct zonation along their
paths. The temperature increases offshore from the center, then
nearshore toward the margin. The nutrient pattern changes from
silica-dominated to nitrogen-dominated compositions, and the
resulting biological succession likewise displays a zonal near-
shore/offshore pattern that changes from phytoplankton to zoo-
plankton dominance (Jones et al., 1983; Dugdale, 1983). Site
686 is located at the northern fringe of a prominent upwelling
center around Capo Nazca (14.5°S), with Site 687 at its extreme
edge. Comparing both sites to each other and to Site 681, which
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is in the middle of the upwelling center at 11°S, may document
the zonal structure and probable spatial shifts during climatic
cycles. Bulk-sediment accumulation rates and accumulation rates
of individual components (i.e., organic matter, calcium carbon-
ate, phosphate, nitrogen, and silica) can be determined from the
samples drilled at these sites.

Early Diagenesis

Rapid sedimentation rates of organic-rich sediments promote
rapid sulfate reduction, methanogenesis, and associated early
diagenetic carbonate reactions. Calcite and dolomite are the most
widespread authigenic minerals formed during these carbon-fu-
eled biogeochemical processes. Sites 686 and 687, with their
continuous and rapid sedimentation of biogenic silica, phos-
phorus, and carbon, were expected to provide ample data about
dissolved and gaseous compounds of pore waters, isotope char-
acteristics, and in-situ temperatures of dolomite formation. With
these data, the diagenesis reactions can be modeled in detail
with a temporal extent rarely possible before.

Effects of Hypersaline Fluids

A new objective that affects our understanding of early dia-
genetic dolomitization processes emerged after Leg 112 drilling
began. We consistently found indications of saline brines at
sites on the shelf and upper slope. These fluids were discovered
in the subsurface at Sites 680, 681, and 684. Their areal extent
over the Peru margin appears enormous, but their origin re-
mains speculative. This phenomenon is of great significance be-
cause hypersaline pore fluids strongly affect reaction pathways.
Preliminary interstitial-water and gas analyses suggest that this
brine continuously replenishes dissolved sulfate as the oxygen
donor used by sulfate-reducing bacteria. Consequently, the com-
peting microbial methanogenesis pathway is suppressed. Such a
process could strongly alter the carbon-isotope signal of the
metabolic carbon dioxide, which is incorporated in dolomites or
any other authigenic carbonate minerals. The brine also is an
inexhaustible source of calcium and magnesium for dolomitiza-
tion. Therefore, sampling of interstitial water from Sites 686
and 687 was intensified. Special attention was directed toward
detecting elevated salinity, sulfate, magnesium, and calcium
contents, and any indication of methanogenesis. New data from
Sites 686 and 687 about the distribution and chemistry of the
this brine were expected to aid in understanding the full implica-
tions of this phenomenon.

Specific Objectives

Site 687 lies on the landward margin of the southernmost
end of the Lima Basin (Fig. 1; Thornburg and Kulm, 1981). The
distance from shore is only 50 km. We expected high sedimenta-
tion rates and terrigenous influx. Seismic data across the site in-
dicated a shallow mud lens about 60 m thick that prograded
seaward over older strata. This mud lens indicated strong multi-
ple internal reflectors and retained a constant thickness upslope.
The seismic section was generally thinner at Site 687 than at Site
686, which is consistent with its position higher up on the basin
margin. The recent subsidence history of the Lima Basin shows
slower vertical motion than that of the West Pisco Basin, which
would account for the different sedimentation rates expected at
both sites. Thus, at Site 687, we expected to penetrate older
strata within the upper 200 m than we obtained at Site 686. We
believe that, because of slower subsidence, this site recorded the
oscillations of sea level during climatic cycles better than Site
686. Drilling to 200 mbsf at Sites 686 and 687 provided a 100-m
overlap for depths penetrated. This was sufficient for a good
correlation between sites and enabled us to compare the response
of upwelling to sea-level~changes on both stable and subsiding
slopes. We drilled two holes at Site 687, using the APC-XCB
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Figure 1. Bathymetry and sediment isopachs along Peru Continental Margin near Site 686. Depth con-
tours are in 1000-m increments, beginning at a water depth of 200 m; sediment isopachs in increments of
0.5 km, beginning with 0.1 km. For an overview of all sites, see Figure 1, Site Chapter 679.

coring combination. The penetration depth provided enough
sample coverage for high-resolution studies of the uppermost
sediment sequence.

OPERATIONS

The ship approached Site 687 on 3 December 1986 at 1000
UTC (0500 Local) after a short transit from the previous site.
The course followed SCS line YALOC 13-03-74 (Fig. 2) to locate
the new site. Site 687 is situated on the broad, heavily sedi-
mented and gently seaward-dipping flank of the West Pisco Ba-
sin in 306.8 m of water. We deployed our geophysical gear, re-
duced speed to 6 kt, and began our seismic survey at 1025 UTC.
The survey was conducted to make sure that no acoustically tur-
bulent features, “wipe-out” zones, or “pull-down” structures
were present in the subsurface to signal free methane gas. We
observed no indications of such features. During this run, the
shallow seismic and depth information allowed us to readily
correlate existing YALOC seismic records, as we did on the ap-
proach to the previous site. Thus, we easily identified the new
site and deployed a marker buoy at 1052 hr. We retrieved our
seismic gear after surveying for a short distance past this marker.
The ship reversed course and was stationed over a positioning
beacon, which was lowered on a taut wire.

The first APC core came on deck at 1310 hr, 3 December
(0810 L). Hole 687A was drilled to a total depth of 207.0 mbsf,
using the APC tool to 55.0 mbsf and the XCB tool for the re-
mainder of the hole. Recovery of all APC cores was 100%
(Table 1). Excessive overpull to retrieve Core 112-687A-6H forced
us to change to XCB coring, which yielded poor recovery in a
sandy interval about 50 m thick. XCB core recovery improved
markedly when the sediment changed to diatomaceous silt. Mod-
ified jets on the drill bit and the soft formation encountered
probably contributed to the improved recovery. Bottom-hole tem-
peratures were measured at the following intervals: 36.0 and
55.0 mbsf using the heat-flow shoe on Cores 112-687A-4H and
112-687A-6H, and 169.0 mbsf using the in-situ probe after Core
112-687A-18X. Our instruments performed well during all de-
ployments.

Hole 687B was cored in 306.8 m of water, after moving about
8 m south. The previously used APC-XCB coring combination
yielded only moderately good recovery. APC core recovery was
72% down to Core 112-687B-10H at 81.3 mbsf; the next core
failed to penetrate. After changing to the XCB mode of drilling,
we successfully penetrated the thick sand zone but failed to re-
cover more than 20% of the intervals cored. This variable per-
formance continued and was probably controlled by alternating
sandy and muddy layers to total depth at 195.3 mbsf (Core
112-687B-22X). Recovery was hindered by coring thick dolomite
rocks twice in Cores 112-687B-17X and 112-687B-18X. We had
not seen these lithologies previously during Leg 112, nor had we
observed so much coarse sand as occurred at Hole 687B. Dur-
ing these coring operations at shallow-water depths, we used the
same procedure for fast retrieval of the barrel as previously modi-
fied. The last core was brought on deck at 0355 hr. The ship was
under way to the next site by 0600 L (1100 UTC) 4 December;
we had spent less than one day drilling at Site 687.

LITHOSTRATIGRAPHY

Lithologic Units

The sediments recovered at Site 687 (Fig. 3 and Table 2) are
divided into three lithologic units, based on visual core descrip-
tions, smear-slide analysis, and carbonate determinations (Fig.
4 and Table 3). Units I and I1I are further subdivided into sub-
units, described in detail next.

Unit I

Cores 112-687AA-1H to 112-687A-7X, CC (15 cm); depth, 0-57.2
mbsf; age, Quaternary (<0.9 Ma).

Cores 112-687B-1H to 112-687B-7H-2, 12 cm; depth, 0-54.3 mbsf;
age, Quaternary (<0.9 Ma).

Unit I is divided into two subunits (Fig. 3 and Table 2). Sub-
unit IA consists of partly laminated, olive gray, dark olive gray,
and black diatomaceous mud and extends from the surface to
20 mbsf in Hole 687A (Sample 112-687A-3H-3, 105 cm) and to
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Figure 2. Track chart showing approach to Site 687 location.

26.6 mbsf in Hole 687B (Sample 112-687B-4H-2, 90 cm). Sub-
unit IB consists of bioturbated, olive gray and gray, calcareous
diatomaceous silty mud, silt, and sand.

Subunit IA is characterized by olive gray, dark olive, and
black, coarsely banded and partly bioturbated diatomaceous
mud and silty mud. Diatom content ranges from 3% to 100%
and averages 25%. Foraminifers and nannofossils are rare or
absent. Terrigenous components are quartz, feldspar, and rock
fragments (in decreasing frequency). Pyrite, mica, and horn-
blende are common as minor constituents. Carbonate content is
low (0.5% to 3%) in Subunit IA. The lamination of the diato-
maceous mud consists of alternating colored bands ranging from
olive to dark olive gray and black (Fig. 5). The individual bands
are generally about 1 ¢cm thick. Olive-colored bands and small
specks are rich in or consist entirely of diatoms. The laminated
sediments are often slightly bioturbated. Bioturbation is indi-
cated by large (several centimeters long) burrows, olive-colored
small specks, or mottling. The shallowest fluid-escape structure
occurs at 8 mbsf.

Graded, 1- to 10-cm-thick sand beds containing up to 90%
quartz, feldspar, and rock fragments are common in the diato-
maceous muds and silts, especially in Cores 112-687A-2H and
112-687A-3H of Hole 687A. A series of six graded, olive gray,
sand layers is present over a 1-m interval in Section 112-687A-
2H-4. We found a 60-cm-thick layer of fine- to medium-grained,
very dark gray sand in Section 12-687A-3H-1. The coarse inter-
beds at about 10 mbsf may be the reason for our failure to re-
cover sediment in Core 112-687B-2H of Hole 687B.

In Hole 687B between 14.7 and 19.6 mbsf (Section 112-687B-
3H-1 to Sample 112-687B-3H-4, 40 cm), we observed an interval
having numerous indications of soft-sediment deformation. Folds
of finely laminated material and microfaults are common. Gen-
erally, dewatering veins are associated with microfault structures
when the lamination is well developed. Microfaults in gray sand
are shown in Figure 6. The top of this slightly deformed interval
contains a conglomerate layer of sandstone pebbles cemented by
dolomite and phosphate nodules.
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In comparison to the overlying section, Subunit IB is charac-
terized by coarser and more bioturbated sediments. This unit
consists of dark olive gray and gray sand and muddy silt. We
observed a 6-m-thick gray and greenish-gray quartzo-feldspathic
sand bed at the top of Subunit IB. The gray, well-sorted sand
contains 50% to 65% quartz, feldspar, and rock fragments,
10% to 20% calcite (bioclasts and micrite), 10% to 20% pyrite,
and about 10% hornblende. Foraminifers make up a percentage
of the total sand, and diatoms were found in trace amounts.
The transition between the sand and the overlying diatomaceous
mud is indicated by an erosional contact and a 30-cm-thick layer
of phosphatic sand and phosphate nodules (Fig. 7). The contact
at the base of the sand bed is also indicated by an erosional con-
tact (Fig. 8). Burrows filled with phosphatic sand from the over-
lying transition zone penetrate the top of the diatomaceous mud.
The uppermost 5 cm of this diatomaceous mud is dolomitic,
possibly indicating a longer period without deposition and lithi-
fication by carbonate precipitation.

Olive and olive gray diatomaceous mud and silt underlie the
6-m-thick sand bed and are interbedded with gray quartzo-feld-
spathic-lithic sand and silt. The muddy sediments contain 20%
diatoms, and foraminifer and nannofossil contents range from
0% to 10%. The silts are rich in dolomite rhombs and anhedral
carbonate crystals (probably calcite). Black phosphate nodules
are common at the base of most sandy layers. Carbonate con-
tent ranges between 0.3% and 36% (Fig. 4 and Table 3). One-
half the measured carbonate can be attributed to foraminifer
tests. In smear slides, carbonate is estimated as traces to 10%.
Higher estimates of foraminifer carbonate correlate well with
carbonate-content measurements and were observed near the
base of Subunit IB. The rest of the carbonate was probably con-
tributed by authigenic calcite and dolomite. Coarser intervals of
Subunit IB consist of calcareous silts that contain up to 35%
small anhedral crystals, probably calcite. Carbonate content is
36.6% in one sample from Subunit IB (112-687A-5H-4, 82-
83 cm) (Fig. 3 and Table 3). Smear-slide observations indicate
that calcite is the main carbonate constituent.



Table 1. Coring summary for Site 687.

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

section 1986) (L) (mbsf) (m) (m) (%)
112-687A-1H 3 0810 0-7.5 7.5 7.55 100.0
2H 3 0820 7.5-17.0 9.5 9.74 102.0
3H 3 0830 17.0-26.5 9.5 9.72 102.0
4H 3 0905 26.5-36.0 9.5 9.85 103.0
5H 3 0920 36.0-45.5 9.5 9.55 100.0
6H 3 0945 45.5-55.0 9.5 9.65 101.0
X 3 1015 55.0-64.5 9.5 2.30 24.2
BX 3 1040 64.5-74.0 9.5 0.25 2.6
9X 3 1055 74,0-83.5 9.5 0.05 0.5
10X 3 1115 83.5-93.0 9.5 0.30 3.2
11X 3 1140 93.0-102.5 9.5 0.28 3.0
12X 3 1200  102.5-112.0 9.5 1.82 19.1
13X 3 1220 112.0-121.5 9.5 9.32 98.1
14X 3 1245 121.5-131.0 9.5 0.70 70.5
15X 3 1305 131.0-140.5 9.5 2.68 28.2
16X 3 1325 140.5-150.0 9.5 0.05 0.5
17X 3 1340 150.0-159.5 9.5 8.63 90.8
18X 3 1410 159.5-169.0 9.5 2.32 24.4
19X 3 1610  169.0-178.5 9.5 6.12 64.4
20X 3 1630  178.5-188.0 9.5 0.95 10.0
21X 3 1655  188.0-197.5 9.5 5.68 59.8
22X 3 1720 197.5-207.0 9.5 4.78 50.3
112-687B-1H 3 1930 0-5.2 5.2 5.20 100.0
2H 3 1947 5.2-14.7 9.5 0.05 0.5
3H 3 2000 14.7-24.2 9.5 8.74 92.0
4H k] 2018 24.2-33.7 9.5 9.43 99.2
5H 3 2047 33.7-43.2 9.5 3.69 38.8
6H 3 2143 43.2-52.7 9.5 9.69 102.0
TH 3 2206 52.7-62.2 9.5 8.48 89.2
8H 3 2235 62.2-71.7 9.5 3.05 321
9H 3 2310 71.7-81.2 9.5 9.48 99.8
10H 3 2340 81.2-90.7 9.5 9.94 104.0
I11H 4 0005 90.7-100.2 9.5 0.04 0.4
12X 4 0104 90.8-100.3 9.5 7.67 80.7
13X 4 0120  100.3-109.8 9.5 0.30 3.2
14X 4 0133 109.8-119.3 9.5 0.65 6.8
15X 4 0147  119.3-128.8 9.5 .13 35.0
16X 4 0202  128.8-138.3 9.5 1.51 15.9
17X 4 0220 138.3-147.8 9.5 0.10 1.1
18X 4 0232  147.8-157.3 9.5 0.04 0.4
19X 4 0252 157.3-166.8 9.5 4.32 45.5
20X 4 0317  166.8-176.3 9.5 1.42 14.9
21X 4 1336  176.3-185.8 9.5 0.00 0.0
22X 4 0355  185.8-195.3 9.5 0.30 3.2

H = hydraulic piston; X = extended-core barrel; L = local time.

Graded sand beds are abundant in Subunit IB. In Hole 687A,
a total of 123 graded beds were counted in the 37-m-thick Sub-
unit IB, while this sequence contained 57 graded beds in Hole
687B. The graded beds show sharp basal contacts (Fig. 9); the
top of each bed is burrowed. Cross-lamination and convoluted
intervals occur in the graded beds.

Ash layers are present in three intervals. Section 112-687A-
6H-4 (at 50.4 mbsf) contains a 9-cm-thick vitric tuff layer con-
sisting of two beds. A 2-cm-thick white layer is overlain by a
7-cm-thick light gray ash layer (Fig. 10). Potassium/argon dat-
ing yields an age of 1.36 = 0.05 m.y. for the white ash layer
(Sample 112-687A-6H-4, 16-18 cm). Parts of the two ash layers
can be traced 3.3 m downhole as lumps included in diatoma-
ceous mud. We interpreted these lumps as having been trans-
ported downward by drilling, but not representing a slumping
event. Similar vitric ash lumps were observed in Section 112-
687B-6H-7 of Hole 687B. Another white vitric tuff layer was
observed at 65 cm in Section 112-687B-6H-1 (Fig. 11). The two
distinct ash layers found at 50.5 mbsf were observed previously
at Site 686 (Sample 686A-17X-3, 45-57 cm; 154.6 mbsf). Thus,
these layers can be used to correlate the two sites.

SITE 687

Unit IT

Cores 112-687A-7X, CC (15 cm) to 112-687A-11X, CC; depth, 57.2-
102.5 mbsf; age, Quaternary.

Cores 112-687B-7TH-2, 12 cm, to 112-687B-12X-5, 150 cm; depth,
54.3-98.3 mbsf; age, Quaternary.

Unit II consists of poorly sorted, dark gray, fine sand con-
taining 50% to 65% quartz, feldspar, and rock fragments, 5%
to 15% calcite, and a percentage of pyrite, hornblende, glauco-
nite, and mica, respectively. Diatoms are present in traces reach-
ing up to 10%. Foraminifers are absent or rare. Shell fragments
are present throughout the unit but are not common. Carbonate
content is relatively high and averages 8.5% (Fig. 4 and Table 3).
Because of fluidizing of the sand during drilling, no primary
structure was preserved. A 3-m-thick band of gray silty mud or
silty sand is interbedded in the fine sand of Hole 687B. The silty
mud contains 2- to 10-cm-thick bioturbated, and possibly graded,
silt and silty sand beds.

Unit IIT

Cores 112-687A-12X-1 to 112-687A-22X, CC; depth, 102.5- 205.7
mbsf; age, Pliocene.
Cores 112-687B-12X, CC to 112-687B-22X, CC; depth, 98.3-195.3

mbsf; age, Pliocene.

Unit 111 is divided into two subunits (Fig. 3 and Table 2).
Subunit IIIA consists of olive gray, silty, calcareous, diatoma-
ceous mud rich in shell fragments. This unit extends from 102.5
to 155.7 mbsf in Hole 687A (Sample 112-687A-17X-4, 120 cm)
and from 98.3 to 157.3 mbsf in 687B (Section 112-687B-18X,
CC). Subunit ITIB consists of olive gray, calcareous, diatoma-
ceous mud. The boundary between Subunits IIIA and I1IB was
observed in Hole 687A. Shell fragments are common in Subunit
IIIB and disappear below Section 112-687A-17X-4. The first
dolomite bed below the disappearance of shell beds was inter-
preted as the transition between Subunits I1IA and IIIB.

Subunit IIIA is characterized by olive gray and greenish-gray,
shell-rich silty mud that is generally bioturbated, calcareous,
and diatomaceous. Diatom content ranges from 5% to 25%,
and foraminifers and nannofossils range from 3% to 40% (aver-
age 5% to 20%). The terrigenous fraction consists of quartz,
feldspar, and rock fragments (in decreasing frequency). Pyrite
framboids are common (5% to 15%). The sediment is faintly
bedded and mottled. Dolomite beds are common in both holes.
Carbonate content averages 4%, but can reach values as high as
55% in shell-rich layers (Fig. 4 and Table 3). A wood fragment is
present at 103 cm in Section 112-687A-17X-1. A vitric tuff layer
containing 90% volcanic glass was found in Section 112-687B-
16X, CC. We did not observe this distinct layer in Hole 687A,
probably because of poor recovery of core.

Shell layers 1 to 15 cm thick are conspicuous in Subunit IITA
(Fig. 12). These layers consist of shell hash in a muddy matrix.
The shells are mainly fragmented, although many of them may
have been broken during splitting of the cores. Shells were also
found in a growth position. This observation indicates that at
least some of the shells are autochthonous, but the more con-
centrated layers may have resulted from current sorting or win-
nowing. Shelly intervals are common in the top section and near
the base of Subunit IIIA. Between 130 and 150 mbsf, recovery
of core was poor, possibly indicating the presence of sandy sedi-
ments in this interval.

Subunit II1IB consists of olive gray, calcareous, silty, diato-
maceous mud and gray, dolomitic and calcitic, diatomaceous
mud. Diatom content ranges from 10% to 30%. Foraminifers
and nannofossils are 5% to 20% of the total sediment. The ol-
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smear-slide analysis.

ive gray diatom-foraminifer mud is laminated, and the gray do-
lomitic-calcitic mud is massive. Dolomite layers are common
throughout the subunit, especially at the top. Carbonate con-
tent is similar to average values of Subunit IIIA (about 4%).

Diagenesis

Phosphates

Friable phosphates (“F-phosphates”; for definitions see
“Lithostratigraphy” section of Site 680 chapter, this volume)
are rare at Site 687. They occur as small yellow brown nodules,
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mainly in the diatomaceous mud of Subunit IA. The shallowest
occurrence was at 1.9 mbsf (Sample 112-687A-1H-2, 40 cm).

Dense phosphates (“D-phosphates’) are abundant in Unit I,
although these are present throughout the three units of Site
687. The shallowest occurrence is a single, hard, phosphate nod-
ule at 0.65 mbsf (Sample 112-687B-1H-1, 65 cm). These phos-
phates are dispersed as either single nodules in the sediment or
are included in the graded beds as a major component. Phos-
phate conglomerates are also common at erosional contacts
(Figs. 8 and 13), and phosphate-cemented shells (Fig. 7) or bones
are present in several cores.



Table 2. Lithologic units at Site 687.

Lith. Core-section Depth
unit Lithology interval (cm) (mbsf)
1 112-687A-1H-1 to -7X, CC (15) 0-57.2
Core catcher placed below -7X-2  112-687B-1H-1 to -7TH-2, 12 0-54.3
but not on top of -7X-8)
1A Diatomaceous mud, laminated 112-687A-1H-1 to -3H-3, 105 0-20.0
112-687B-1H-1 to -4H-2, 90 0-26.6
1B Calcareous diatomaceous silty 112-687A-3H-3, 105 to- 7X,CC (15) 20.0-57.2
mud and silt, bioturbated 112-687B-4H-2, 90 to -TH-2, 12 26.6-54.3
I Fine sand 112-687A-7X-CC, 15 to -11X, CC 57.2-102.5
112-687B-7H-2, 12 to -12X-5, 150 54.3-98.3
111 112-687A-12X-1 to -22X, CC 102.5-205.7
112-687B-12X, CC to -22X, CC 98.3-195.3
IIIA  Calcareous diatomaceous mud, 112-687A-12X-1 to -17X-4, 120 102.5-155.7
shell rich, bioturbated 112-687B-12X, CC to -18X, CC 98.3-157.3
INIIB  Calcareous diatomaceous silty 112-687A-17X-4, 120 to -22X, CC 155.7-205.7
mud, dolomitic 112-687B-19X-1 to -22X, CC 157.3-195.3

Lith. Table 3. Carbonate contents in Hole
uait 687A.
0 1

Core-section Depth  CaCO4

interval (cm) (mbsf) (%)

112-687A-1H-1, 61-62 0.61 0.50

1H-4, 61-62 5.11 1.58

50 — 2H-2, 55-56 9.55 0.67

] 2H-3, 142-143 1192 0.92

3H-1, 86-87 17.86  3.09

3H-3, 86-87 2086  0.33

-‘ " - 4H-1, 58-59 27.08 4.84

4H-3, 58-59 30.08  8.42

SH-2, 82-83 3832 7.84

s SH-4, 82-83 4132 36.61
a 100 - 6H-3, 96-97 49.46 4.0
E 6H-6, 102-103 5402 1118
£ 7X-2, 34-35 56.84  8.01
e . iy 8X, CC, 11-12 73.91 7.01
a 10X, CC, 11-12  83.41  10.17
11X, CC, 13-14 10243  21.27

13X-1, 75-76 112,75 2.34

150 — o = 13X-3, 75-76 115.75 5.25

° o 14X-1, 47-48 121.97  5.50

14X-4, 47-48 126.47 3.2

i L 15X-2, 44-45 13294 450

'| 17X-2, 30-31 151.80  2.09

ne 17X-5, 30-31 156.30  55.13

18X-2, 35-36 161.35  4.84

200 — — 19X-3, 46-47 172.46  6.00
21X-3, 103-104  192.03 3.67

22X-3, 61-62 201.11 1.75

1 I | I 1

o] 20 40 60
Carbonate (%)

Figure 4. Carbonate contents in Hole 687A. See Table 3 for a listing of
data.

Authigenic Carbonates

Both authigenic calcite and dolomite are present in the sedi-
ments at Site 687 as disseminated crystals in unlithified sedi-
ments and as fully lithified nodules and beds. Dolomicrites or
dolomitized sands, silts, or muds are most abundant in Units I
and IIl. The first lithified carbonate observed was a small po-
rous dolomicrite nodule in black diatomaceous mud at a sub-
bottom depth of 71-74 cm in Section 112-687A-1H-1. Hard
beds are commonly dolomitized sands, silts, or shell beds. Dif-
ferences in grain-size distribution and the bedding of the origi-
nal sediment are still preserved (Fig. 14), and burrows filled with
different sediments are still visible in the dolomitic rock (Fig. 15).

A cemented shell bed was found in both holes at about the
same depth below seafloor (Samples 112-687A-14X-1, 10-15 cm,

and 112-687B-15X-2, 63-67 cm). The incorporated shells are
single as well as paired (Fig. 16). The shell material was partially
dissolved, leaving open moldic porosity. If the shells originally
contained both calcitic and aragonitic layers, then the aragonitic
part might have been dissolved. In Section 112-687B-15X-2, the
calcitic or dolomitic bed was apparently formed in association
with a shell-hash zone. In this case, the shells seem to be con-
centrated at the base of the carbonate layer. The coincidence in
the depth below seafloor of the shell-bearing carbonates be-
tween the two holes suggests that individually cemented beds
are laterally continuous. This hypothesis is further supported by
frequent occurrence of dolomitic hard beds in distinct intervals,
e.g., at about 160 mbsf (Fig. 3).

Dolomite and calcite are common in all units as dissemi-
nated crystals. These are most abundant in Subunits IB and
I1IB, Unit II, and the shell-barren sections of Subunit IIIA. The
highest authigenic carbonate values (estimated from smear slides)
occur in the sandy and silty sediments of Subunit IB. Dolomite
is more common than calcite. Calcite is usually more abundant
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Figure 5. Olive gray and dark olive gray, laminated, diatomaceous mud,
slightly bioturbated (Sample 112-687A-1H-4, 70-90 c¢m).

in the muds, and dolomite is more common in the silts and
sands.

Environments of Deposition

The three lithologic units recognized at Site 687 consist of a
fine-grained sediment of Pliocene age (Unit III), a coarser unit
of early and/or middle Quaternary age mostly of sand (Unit
I1), and a section of fine-grained material interrupted by mostly
graded sand (Unit I) of less than 0.9 m.y.

We believe that this sequence is related to changes in sea
level. In the Pliocene, during deposition of the lower unit of Site
687, water depth was probably similar to or deeper than today.
Water depth decreased toward the Pliocene/Pleistocene transi-
tion. From biostratigraphic data (see “Biostratigraphy” section,
this chapter), the sandy interval (Unit II) should have been de-
posited between about 1.8 and 0.9 Ma. The sand may have been
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Figure 6. Normal microfaults developed by differential compaction across
a sandy bed in diatomaceous muds; see sketch in Figure 18C (Sample
112-687B-3H-3, 142-147 cm).

deposited in a relatively short period of time, and Unit II may
contain major hiatuses. Major hiatuses, indicated by numerous
phosphate nodule conglomerates associated with sharp breaks
in lithology and deep burrows at the base of the conglomerate,
are present. Water depth was probably lower during this inter-
val. Starting at about 0.9 Ma, water depth increased, resulting
in the deposition of fine-grained material.

The deposition of Subunit IB, rich in graded sand beds, pos-
sibly started at the time when larger amplitudes in the §'%0-
curves were observed (e.g., 0.8 Ma; Shackleton and Opdyke,
1973) as a result of major glaciations and more substantial low-
ering of sea levels during glacial periods. Thus, Unit I was de-
posited in a slope environment, where the water depth fluctu-
ated markedly with time.

The shell-rich layers in Subunit IIIA, probably deposited dur-
ing the late Pliocene, represent a different depositional environ-
ment. At least some of the shells are still in a growth position.
Therefore, we believe that bivalves lived in this environment,
perhaps at intermediate water depths between the upper slope
(deposition of Subunit I1IB) and shelf (deposition of Unit II).
An outer-shelf environment with sufficient oxygen (provided by
the surface waters) and a high food supply (from nearby upwell-
ing) may have provided the optimum conditions for the bivalve
fauna of Subunit IIIA.

Deposition of Graded Beds

Graded silt and sand beds occurred throughout the cores of
Site 687 and were abundant in Subunit IB. Table 4 gives an ex-
ample of size- and component-distribution in a graded bed of
Subunit IB. In general, the graded beds have a sharp base and a
bioturbated top section. The sediments just above the base con-
tain 95% sand-sized particles. The sand content decreases up-
ward to 10% in the top interval of the bed. Several depositional
processes may explain the presence of these beds: turbidity cur-
rents, contour currents, or spillover from the shelf break.

The relatively immature composition of these sediments,
which includes up to 8% hornblende (Table 4) in the sand frac-
tion, implies rapid transportation from a terrigenous source to
the upper slope. We believe it unlikely that such immature sands
could have spent much time in a high-energy shelf or coastal en-
vironment.

The graded bedding of the sediments indicates deposition
from a poorly sorted suspension, such as a turbidity current.
However, in the relatively shallow water depths suggested for
Subunit IB, processes other than turbidity currents should be
considered. Graded beds may result from resuspension on the
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Figure 7. Phosphatic sand and nodules interbedded in dark olive gray
diatomaceous mud. One nodule contains bivalve shell fragments (Sam-
ple 112-687A-3H-3, 40-80 cm).

shelf in response to wave- or wind-forced currents, followed by
a waning of the high-energy conditions (Walker, 1984). Thorn-
ton (1984) described upper-slope sand sheets transported by shelf
currents in the Santa Barbara Basin. Such reworking of shelf
deposits tends both to sort the source sediment on the shelf and
to mature the sediments compositionally. Obviously, the graded
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Figure 8. Erosional contact between gray green and olive green mud
(bottom of figure) and very dark gray sand (top of figure). The transi-
tion zone consists of dark brown diatomaceous mud having black phos-
phate nodules. The light-colored interval between 34 and 39 cm consists
of dolomicrite, probably indicating a break in deposition and the for-
mation of a hardground (Sample 112-687A-5H-1, 20-53 cm).

beds have a composition distinct from the background hemipe-
lagic deposits and contain small amounts of biogenic material,
even in the finer fraction. Therefore, these beds probably do not
derive from shelf resuspensions.

We interpreted the graded beds of Subunit IB as turbidites.
We did not have enough detailed shelf bathymetry to recognize
transportation routes (such as gullies or canyons), although it
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Figure 9. Graded sand beds showing sharp contacts at the base (e.g., at
67 and 70 cm) and burrows at the top of the graded interval (Sample
112-687A-4H-2, 60-82 cm).

seems likely that the turbidity currents originated in shallow wa-
ter, where a terrigenous sediment supply was available. Floods
related to El Nifio-type events are common in the Andes foot-
hills (Quinn et al., 1978), and it is possible that a direct river
outflow may have generated the turbidity currents. However, a
more detailed seismic and coring program will be required to
substantiate such a hypothesis.
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Figure 10. A 9-cm-thick, white and light gray, vitric tuff layer consisting
of two graded beds (Sample 112-687A-6H-4, 8-23 cm).

Structure

Structures observed at Site 687 include slump folds and con-
volute bedding, dewatering veins, and both normal and reversed
microfaults.

Slump Folds and Related Features

Fold noses, inclined bedding, and convolute bedding that re-
sult from slumping and intraformational sliding were observed
in only a few cores at Site 687. Such features probably cannot be
recognized in bioturbated or massive intervals, or where drilling
disturbance and poor recovery preclude recognition, as is true
for much of the material recovered at this site. Slump folds and
related features occur at Samples 112-687A-2H-2, 65-75 cm, 112-
687A-2H-3, 85-115 cm, 112-687A-5H-3, 45-52 cm, and through-
out 112-687B-3H, especially at 112-687A-1H, 85-150 cm, 112-
687A-1H-2, 10-100 cm, and 112-687A-1H-4, 40-43 cm.
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Figure 11. White vitric tuff layer overlying olive gray mud with dolomit-
ized zone (Sample 112-687B-6H-1, 59-69 cm).

Dewatering Veins

Mud-filled veins that are oriented perpendicular to bedding
are present throughout at least the upper parts of Holes 687A
and 687B (e.g., Core 112-687A-2H, all sections; Sections 112-
687A-3H-2 and 112-687A-3H-3; Sections 112-687A-6H-1 to 112-
687A-6H-3; Core 112-687B-3H, Sections -2, -3, -5; and Core
112-687B-6H, Sections -4 to -6). These veins typically originate
within a coarser-grained silty or sandy interbed and may be sig-
moidal in shape (Fig. 17), which suggests a shearing component.
In some cases, the veins are located along extensional micro-
faults (e.g., Sample 112-687B-3H-2, 70-150 c¢m), which suggests
that dewatering and extension occurred contemporaneously.

Microfaults

Only one example of a reverse microfault, in which a slump
fold nose is cut by a reverse fault (Sample 112-687B-3H-4, 40-
43 cm; See Fig. 18) was observed at Site 687. In most cases, nor-
mal microfaults (Samples 112-687A-21X-4, 29-34 cm; 112-687B-
3H-1, 25-30 cm; 112-687B-3H-2, 70-150 cm; 112-687B-3H-3,
142-147 cm) are associated with dewatering veins (Fig. 18) or
with compaction (Figs. 18 and 6). The microfaults in Figure 18
rise to, but do not penetrate, a zone of decollement above which
the beds are folded by slumping or by intraformational sliding.
Presumably, the zone of decollement itself served as a dewater-
ing conduit so that the veins did not develop above it. Move-
ment of fluid along such a surface could have facilitated devel-
opment of the folds. The microfaults shown in Figures 18 and 6
developed in a bed of gray sand having offset laminae but do
not penetrate beds above and below the sand. This suggests that
the microfaults in this case developed as a result of differential
compaction of the sand bed.
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Figure 12. Shell concentrations containing broken bivalve shells. Some
shells are in a growth position (47-50 cm) (Sample 112-687A-13X-2,
0-55 cm).
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Figure 13. Erosional contact between silty muds (top and bottom). The
transition zone consists of dark olive gray to black phosphatic sand and
phosphatic nodules. The top of the underlying section shows burrows
filled with phosphatic sand (Sample 112-687B-3H-5, 27-57 cm).

BIOSTRATIGRAPHY

Two holes were drilled at Site 687 to recover upwelling sedi-
ments of late Neogene and Quaternary age. Hole 687A pene-
trated 207.0 m, and Hole 687B penetrated 195.3 m of Quater-
nary and Pliocene sediments. The base of the Quaternary was
reached at 127,92 m in Hole 687A and at 110.22 in Hole 687B.
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Figure 14. Dolomicrite or dolomitized diatomaceous sandy silt with
about 50% authigenic carbonate, interbedded with olive dolomitic dia-
tomaceous silt. About one-half of the minerals are dolomitic rhombs
and the other one-half consist of anhedral crystals, probably calcite
(Sample 112-687A-5H-6, 44-56 cm).

As usual in upwelling areas, diatoms form the major part of
fossil assemblages and show frequent blooms as well as indica-
tions of cold- and warm-water masses at various times. These
indicate different periods with strong persistent coastal upwell-
ing and periods with more oceanic influence and less persistent
upwelling. Calcareous nannoplankton, planktonic foraminifers,
radiolarians, and silicoflagellates were found occasionally but
were poorly distributed in both Holes 687A and 687B. Benthic
foraminifers are common throughout. These document eustatic
sea-level fluctuations as well as subsidence of the seafloor from
a middle-shelf depth of about 50 m in the middle part of the
section to a depth of 307 m.

We noticed reworked Miocene and Eocene microfossils (cal-
careous nannoplankton, diatoms, and radiolarians) in several
samples from both holes. The sedimentation rate in the Quater-
nary is about 55 to 60 m/m.y.

Diatoms

Preservation of diatoms was very good to excellent; abun-
dant diatoms were observed in the hemipelagic muds recovered
at Site 687 and drilled in a water depth of 306.8 m. These fossils
are rare and have moderate to poor preservation in sandy inter-
vals. Floras are indicative of strong coastal upwelling, which can
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Figure 15. Dolomitic siltstone (containing 55% dolomite) interbedded
in diatomaceous mud (Sample 112-687A-5H-3, 100-130 cm).

be grouped into four stages (see Fig. 19 and Table 5). Based on
core-catcher samples, Holes 687A and 687B penetrated identi-
cal sedimentological units at about the same depth down to 100
mbsf. Below that depth, the correlation was obscured by ex-
tremely poor recovery.

A major floral change occurs in Cores 112-687A-14X (121.50-
127.92 mbsf) and 112-687B-14X (109.80-110.22 mbsf). New
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Figure 16. Cemented limestone containing paired and single bivalve shells.
The carbonate of the shells is partially dissolved, leaving open moldic
porosity (Sample 112-687A-14X-1, 0-25 cm).

members of the Nitzschia and Thalassiosira genera occur; these
are not present above these levels.

In the hemipelagic mud sequences (which are interrupted by
sand layers), thin, grayish-brown diatomaceous layers do occur.
These frequently contain monospecific assemblages of diatoms
(Cyclotella striata/stylorum, Thalassiosira eccentrica/nordenski-
oeldii, Chaetoceros spore/setae), and silicoflagellates (Dictyo-
cha messanensis). Whether these monospecific layers are pro-
duced by huge monospecific surface blooms or by size-sorting
bottom currents remains unresolved.
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Table 4. Distribution of grain sizes and components in a graded bed (Section

687B-4H-1).

Interval S S C QFR H Clay Cale/Dol Foram. Diatoms  Other
(cm) (%) (%) (%) (o) (%) (%) (%)
104 10 60 30 40 5 20 20 2 5 8
104.5 15 75 10 70 8 2 3 1 1 15
105 20 7 10 72 5 5 3 3 5 7
106 95 5 — 73 — — 10 — — 17

SSC = sand, silt, and clay; QFR = quartz, feldspar, and rock fragments; H = hornblende;
Foram. = foraminifers; Calc/Dol = calcitic/dolomitic.

Rhizosolenia matuyama was last seen in Core 112-687A-6H
(55.07 mbsf) and in Core 112-687B-7TH (61.13 mbsf); the first
occurrence was detected in Section 112-687A-13X, CC (121.15
mbsf). Poor recovery in Hole 687B did not reveal this first ap-
pearance datum (FAD). Pseudoeunotia doliolus was present in
samples above Sections 112-687A-14X, CC (127.92 mbsf) and
112-687B-14X, CC (110.22 mbsf). Nitzschia fossilis was present
in all diatom-bearing samples below these two zones and oc-
curred sporadically above them. Ecological exclusion of either
Pseudoeunotia doliolus or Nitzschia fossilis is not a factor in
their distribution; thus, we placed the Pliocene/Pleistocene
boundary at 127.92 mbsf in Hole 687A and at 110.22 mbsf in
Hole 687B. Nitzschia kolaczeckii occurred in Section 112-687A-
16X, CC and below, and in Section 112-687B-15X, CC. This
species was reported by Akiba (1985) in Nankai Trough and Ja-
pan Trench DSDP sites from the Neodenticula seminae Zone,
which is of latest Quaternary age. As Akiba (1985) counted
only 100 diatom valves per sample, ranges of rare diatom spe-
cies are unreliable. As no Thalassiosira convexa and only a sin-
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Figure 17. Sigmoidal dewatering veins filled with dark mud (Sample
112-687A-6H-1X, 29-39 cm).
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gle specimen of Actinocyclus oculatus were encountered, the
lowermost samples of both holes are slightly older than the FAD
of A. oculatus (around 2.1 Ma) and younger than the last ap-
pearance datum (LAD) of T. convexa (around 2.3 Ma). The
truly oceanic Rhizosolenia praebergonii is excluded from this
highly variable (in terms of temperature and salinity) environ-
ment.

Sedimentation rates, based on the LAD of Rhizosolenia ma-
tuyama and on the LAD of Pseudoeunotia doliolus, are about
65 m/m.y.; this rate seems to be slightly higher in Hole 687A
(see Fig. 20).

Correlation between the two holes is based on the occurrence
of nonrepetitive floral assemblages, which seem to be confined
to short periods of time. Several zones stand out, such as the
major floral change, the mass occurrence of a delicate Thalassi-
osira, and the occurrence of triangular Actinoptychus aff. un-
dulatus (see Fig. 19).

Phytoplankton assemblages were grouped into four coastal
upwelling phases that can be clearly separated from oceanic
high productivity (see Table 5). In general, the spacing of core-
catcher samples does not permit continuous resolution of the
temporal variability of the “southern” Peruvian upwelling cen-
ter. However, even at this stage of investigation, we foresee ma-
jor trends (compare left side of Fig. 20), such as periods having
strong, persistent coastal upwelling between 0-0.45, 0.65-1.4,
1.75-1.85, 2.0-2.5 and 2.6-? Ma, and periods with more oce-
anic influence and less persistent coastal upwelling during the
intervening periods. Once the stratigraphic sequence and dating
of the major sequence is complete, a more refined subdivision
will be possible.

Reworked Miocene (Denticula hustedtii) and Eocene (Pyxilla
reticulata and Hemiaulus sp.) diatoms were observed only rarely
in some samples (Sections 112-687A-13X, CC; 112-687A-16X,
CC; 112-687A-20X, CC and 112-687A-22X, CC; 112-687B-14X,
CC; 112-687B-15, CC; 112-687B-16X, CC, and 112-687B-22X,
CC). No displaced freshwater diatoms were found in the core-
catcher samples. Displaced marine benthic diatoms were excep-
tionally rare, compared with those observed in the northern
sites from comparable water depth.

The coarse fraction of the diatomaceous core-catcher sam-
ples contained large quantities of fish scales, some fish teeth,
benthic and planktonic foraminifers (see section on “Biogenic
Groups, Coarse Fraction Analysis” below for detailed occur-
rence plots), radiolarians in abundances of more than 10 indi-
viduals per slide, amorphus organic matter clumps, and infre-
quent terrestrial organic matter in traces of cuticular plates and
tracheoidal wood fragments. The terrestrial component did not
seem to be enriched in the more sandy core-catcher samples.

Silicoflagellates

We studied only core-catcher samples from Hole 687A for
silicoflagellates. The Quaternary silicoflagellate assemblage is
dominated by members of the Dictyocha messanensis group.
Mesocena quadrangula was found in Sections 112-687A-4H, CC
(36.0 mbsf) and 112-687A-13, CC (121.1 mbsf). Distephanus
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ment and folded beds; see text for discussion (Sample 112-687B-3H-2, 75-80 cm). C) Interpretive sketch
of normal microfaults shown in Figure 6 (Sample 112-687B-3H-3, 144-148 cm).

bioctonarius bioctonarius occurs between Sections 112-687A-
IH, CC (7.4 mbsf) and 112-687A-17X, CC (158.3 mbsf).

Calcareous Nannoplankton

All core-catcher samples from both holes together with addi-
tional samples from sections within Hole 687A were studied for
calcareous nannoplankton.

Sample 112-687A-1H, CC (7.41 mbsf) contains a well-pre-
served but poorly diversified late Quaternary nannoplankton
assemblage. Most of the remaining samples are barren of cal-
careous nannoplankton. Occasionally, impoverished and poorly
preserved assemblages having Gephyrocapsa species, Coccolithus
pelagicus, and rare Helicosphaera carteri were encountered. He-
licosphaera sellii was found in Samples 112-687A-14X, CC
(127.92 mbsf), 112-687B-9X, CC (81.06 mbsf), 112-687B-16X,
CC (130.01 mbsf), and 112-687B-22X, CC (185.80 mbsf). This
occurrence, along with the highest occurrence of Cyclococco-
lithus macintyrei in Section 112-687B-9X, CC (81.0 mbsf), seems
to indicate the presence of the early Quaternary nannoplankton
Zone NN19a (lower part of the Pseudoemiliania lacunosa Zone)
at this level.

In some cases, the meager nannoplankton assemblages were
associated with reworked early to middle Miocene and middle to
late Eocene nannoplankton species. The displaced species found
in Sections 112-687A-19X, CC (175.00 mbsf), 112-687A-22X,
CC (202.0 mbsf), 112-687B-20X, CC (167.90 mbsf), and 112-
687B-22X, CC (185.80 mbsf) include Discoaster deflandrei, Cy-
clococcolithus floridanus, Reticulofenestra pseudoumbilica, Dic-
tyococcites dictyodus, Discoaster tani, and Reticulofenestra um-
bilica.

Section 112-687B-9X, CC (81.0 mbsf), which contains Cy-
clococcolithus macintyrei, has an age of at least 1.45 Ma, which
was indicated for the last occurrence of C. macintyrei by Back-
man and Shackleton (1983). Thus, the sedimentation rate in the
Quaternary at Site 687 is at least 56 m/m.y.

Radiolarians

All core-catcher samples from Hole 687A were studied for
radiolarians. These are well to moderately preserved in all sam-
ples but are generally rare.

A radiolarian assemblage containing Didymocyrtis tetratha-
lamus and Lamprocyrtis nigriniae was found in Sections 112-
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687A-1H, CC (7.41 mbsf) and 112-687A-14X, CC (127.92 mbsf),
indicating a Quaternary age. Because no collosphaerids were
found, we could not subdivide the Quaternary sequence.

Sections 112-687A-6H, CC to 112-687A-7X, CC, 112-687A-
10X, CC to 112-687A-15X, CC, and 112-687A-17X, CC to 112-
687A-19X, CC did not yield enough radiolarians to assign an
age. Section 112-687A-10X, CC (83.5 mbsf) yielded Didymo-
cyrtis tubaria, which indicates an early Miocene age and thus
was probably reworked.

Sections 112-687A-2H, CC to 112-687A-5H, CC, 112-687A-
8X, CC, 112-687A-20X, CC, and 112-687A-22X, CC were bar-
ren. Sections 112-687A-11X, CC to 112-687A-13X, CC, and 112-
687A-16X, CC were not available for investigating radiolarians.
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Planktonic Foraminifers

All core-catcher samples from Site 687 were examined. Plank-
tonic foraminifers were rare but well preserved.

Hole 687A

Planktonic foraminifers occurred in the entire upper part of
this hole, from Sections 112-687A-1H, CC through 112-687A-
13X, CC (7.41 to 121.15 mbsf), except in Sections 112-687A-
2H, CC, 112-687A-3H, CC, 112-687A-7X, CC, and 112-687A-
8X, CC. Below Section 112-687A-14X, CC (127.92 mbsf), plank-
tonic foraminifers were absent in most samples. Globigerina bul-
loides, G. quinqueloba, and Globigerinita glutinata were found



Table 5. Characterization of coastal upwelling by phyto-
plankton.

Phase la: strong upwelling, very high primary productivity
Preservation: excellent

1. Delphineis

3. Thalassiosira

5. Distephanus pulchra
7. Cyclotella

2. Chaetoceros spores/setae
4. Sceletonema
6. Dictyocha epiodon

Phase 1b: intermittent strong upwelling, high primary
productivity .
Preservation: excellent to very good

. Chaetoceros spores/setae 2. Delphineis

1
3. Thalassiosira 4. Actinoptychus
5. Distephanus pulchra 6. Stephanopyxis
7. Cyclotella
or
1. Thalassiosira 2. Chaetoceros spores/setae
3. Actinoptychus 4. Delphineis
5. Nitzschia 6. Distephanus pulchra

Phase 2: sporadic upwelling, oceanic-temperate influence
Preservation: good

2. Thalassiothrix
4. Chaetoceros spores/setae
6. Actinoptychus

1. Thalassionema

3. Thalassiosira

5. Dictyocha messanensis
7. Cyclotella

Phase 3: prolonged times with no upwelling, normal eutrophic
productivity

Preservation: moderate to good
1. Coscinodiscus 2. Thalassiothrix

3. Thalassionema

Phase 4: “normal” continental margin productivity
Preservation: moderate

Note: these stages apply only to a true “Peruvian” coastal-up-
welling sedimentary environment of Quaternary age; older
assemblages (Miocene/Pliocene) can be placed in this sys-
tem, but some Holocene species must be replaced by their
fossil counterparts. These are modified in other coastal-up-
welling areas and differ from oceanic convergence-diver-
gence belts).

in most samples; these indicate cool water. Globigerinoides im-
maturus was found in Section 112-687A-1H, CC (7.41 mbsf),
Orbulina universa and O. suturalis were found in Section 112-
687A-3H, CC (26.60 mbsf), and Globorotalia hirsuta was recog-
nized in Section 112-687A-6H, CC (55.07 mbsf). These species
are indicative of warm water. Therefore, the faunal assemblage
is transitional from cold to warm waters (Bé, 1977). Planktonic
foraminifers in all samples are Quaternary.

Hole 687B

Above Section 112-687B-7TH, CC (61.13 mbsf), planktonic
foraminifers do not occur except in Sections 112-687B-2H, CC
(5.20 mbsf) and 112-687B-5H, CC (37.34 mbsf). Below Section
112-687B-8H, CC (65.20 mbsf), planktonic foraminifers were
found in most samples. Globigerina bulloides, G. quinqueloba,
and Neogloboguadrina pachyderma occurred in most samples.
These species indicate cool water and also are known from the
temperate coastal upwellings. Orbulina universa occurred in one
sample, Section 112-687B-11X, CC (90.70 mbsf); this species
indicates warm water. Planktonic foraminifers in all samples are
Quaternary.

Benthic Foraminifers

Benthic foraminifers are common to abundant and well pre-
served in all core-catcher samples of Hole 687A, except for the
following. Section 112-687A-2H, CC (17.2 mbsf) is barren of
benthic foraminifers, and Sections 112-687A-7X, CC, 112-687A-
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Figure 20. Age vs. depth plots of Hole 687A (circles with crosses) and
Hole 687B (circles with points). Upwelling phases combined for the two
holes, see right column.

8X, CC (57-64.5 mbsf) and 112-687A-11X, CC (93 mbsf) con-
tain only rare, moderately preserved specimens. Core 112-687A-
16X retained no sediment in the core catcher.

The Bolivina seminuda humilis Assemblage occurs in the
upper 26.6 m of the section (Sections 112-687A-1H, CC and
112-687A-3H, CC). Bolivina rankini occurs with or replaces B.
seminuda humilis in some of the samples. This assemblage is in-
dicative of the modern upper-bathyal, low-oxygen environment
found in the site’s water depth of 300 m. In Section 112-687A-
1H, CC (7.4 mbsf) some specimens of the Cancris inflatus-Tri-
Jarina carinata Assemblage occur, but this species does not domi-
nate. This assemblage occurs at the surface of Site 686 and the
subsurface elsewhere, as discussed in the Site 686 chapter (this
volume). These specimens may be reworked from older zones.

A transitional upper-bathyal/outer-shelf environment is in-
dicated for the interval between Sections 112-687A-4H, CC and
112-687A-6H, CC (36.1-55.1 mbsf), which contains a B. se-
minuda humilis Assemblage, but with abundant Nonionella (a
shelf-dwelling genus). Outer- to middle-shelf depths are sug-
gested by the Nonionella Assemblages of Sections 112-687A-
9X, CC through 112-687A-12X, CC (74-104 mbsf), which also
contain such inner-shelf forms as Buccella and Quinquelocu-
lina. Transitional outer-shelf/upper-bathyal assemblages occur
from Section 112-687A-13X, CC to the bottom of the cored sec-
tion (121.2-202 mbsf). These environmental changes probably
reflect eustatic sea-level fluctuations, as well as subsequent sub-
sidence of the seafloor from the middle-shelf depth of about
50 m indicated for Section 112-687A-10X, CC (83.5 mbsf).
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The restriction of a large, robust species of Buliminella to
the interval below Section 112-687A-14X, CC (128 mbsf) and its
occurrence with a large member species of the Bolivina seminuda
Group may be evolutionary, as this part of the section is of Plio-
cene age, according to diatom markers. The association of the
Bolivina seminuda Group with low-oxygen environments along
this coast suggests that these lower strata were also deposited
under low-oxygen conditions.

Biogenic Groups—Coarse Fraction Analysis

The relative percentage of distribution of the biogenic groups
encountered in the coarse fraction is shown in Figure 21. Ben-
thic foraminifers are dominant throughout the cored section;
percentages increase downward from Section 112-687A-17X, CC
(138.4 mbsf) toward the bottom of the interval.

Diatoms and radiolarians exhibit a uniform percentage of
distribution downhole, and fish remains are significant in Sec-
tions 112-687A-8X, CC (65.2 mbsf) and 112-687A-15X, CC
(122.3 mbsf).

The planktonic foraminifer species recognized are Neoglobo-
quadrina dutertrei, N. pachyderma, Globigerinoides ruber, G.
sacculifer, Globigerinita glutinata, Globorotalia menardii, and
G. (Hirsutella) scitula; most of these range from Miocene to
Holocene. The first appearance of G. dutertrei is in the late Pli-
ocene Zone N21 (Section 112-687A-15X, CC, 133.39 mbsf).

ORGANIC GEOCHEMISTRY

Site 687 was located in shallow water (306.8 m) at the south-
ernmost edge of the Lima Basin, an area of tectonic stability ad-
jacent to the Lima Platform. Two holes were drilled to sample
Quaternary and Neogene sediments. Organic geochemical anal-
yses were conducted on samples from Hole 687A to 200.5 mbsf
and from Hole 687B to 195.0 mbsf. Hydrocarbon gases were
monitored in both holes, and organic-carbon and organic-mat-
ter characteristics were measured initially on only seven samples
from Hole 687B. Organic-matter characteristics were later de-
termined on 22 samples from Hole 687A to develop a higher-
resolution depth profile. Details of methods and procedures are
given in “Organic Geochemistry” sections, Site 679 and 682
chapters; instruments are described in the “Explanatory Notes”
(this volume).

Hydrocarbon Gases

Vacutainer Gases

We observed gas pockets in only a few of the core liners. In
Hole 687A, vacutainer gas was collected from six cores; in Hole
687B, only three cores could be sampled (Table 6). The first
sample from Hole 687A (Section 112-687A-3H-4) contained
mostly air. C, concentrations in the other vacutainer samples
from both holes ranged from 21.9% to 91.0%. C, concentra-
tions in these same samples differed in the two holes. In Hole
687A, C, contents ranged from 200 to 260 ppm, and in Hole
687B from 55 to 95 ppm. The gas samples from Hole 687B are
more diluted with air from the drilling and sampling proce-
dures, thus reducing the amount of C, that is retained for mea-
surement. The amount of C, was anomalously large for shallow
Quaternary sediments, as it was at the previous site (see “Or-
ganic Geochemistry” section, Site 686 chapter); also, except for
the shallowest sample, C,/C, ratios are of the same magnitude
and decrease at about the same rate (compare Fig. 22 with Fig.
29, “Organic Geochemistry” section, Site 686 chapter).

Extracted Gases

The amount of extracted C,; (Table 7) increases with depth
from the surface to about 50 mbsf, where these concentrations
reach sediment values of > 30,000 pL/L of wet sediment and
then increase slowly downhole. Figure 23 demonstrates this con-
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Figure 21. Biogenic groups in the coarse fraction of core-catcher sam-
ples, Hole 687A.

Table 6. Vacutainer gases at Site 687.

Core-section Depth C, Cs
interval (cm) (mbsf) (%) (ppm) C}/Cy
112-687A-3H-4, 35 21.9 0.044 3.6 120

15X-1, 83 131.8 74.2 200 3800
17X-4, 78 155.3  91.0 260 3500

18X-1, 131 160.8  77.2 200 3900
19X-3, 52 172.5 80.6 230 3600
21X-3, 83 191.8 82.9 240 3400
112-687B-6H-6, 118 51.8 219 55 4000
10H-1, 50 81.7 45.3 95 4800
20X-1, 45 167.3 26.2 68 3900

Units of (%) and (ppm) are in volume of gas component per
volume of gas mixture. All measurements were performed
on the Hach-Carle Gas Chromatograph.

centration profile and also shows the similarity of results for the
two procedures applied at Site 687. At about this same depth,
sulfate concentrations decrease to zero and remain at this value
to the bottom of the hole (see “Inorganic Geochemistry” sec-
tion, this chapter). Again, as at previous sites, this inverse corre-
lation between sulfate and C,; concentrations indicates that the
C, derives from microbial methanogenesis. This becomes im-
portant when microbial sulfate reduction stops because there are
no more sulfate ions (Claypool and Kaplan, 1974).

C, concentrations in the extracted gas are anomalously large
and range from 14 to 63 uL/L, with one exception; C; and C,.,
could not be detected. These observations were the same as
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those we noted at the previous site (see “Organic Geochemis-
try” section, Site 686 chapter). We believe that the C, can be ac-
counted for by intense microbial hydrocarbon generation at Sites
686 and 687. These are the first of the shallow-water sites where
sufficient C, concentrations were available to cause the forma-
tion of gas pockets, which suggests that methanogenesis is more
active at these two sites than at the previous shallow-water sites.
Although methanogenesis and microbial ethane generation prob-
ably require different substrates, the environmental conditions
necessary for both processes may be particularly favorable at
Sites 686 and 687.

Carbon

Total-carbon, carbonate-carbon and organic-carbon (OC) val-
ues were determined for seven samples of “squeeze-cakes” re-
maining after squeezing pore water for inorganic-geochemistry
studies (see “Inorganic Geochemistry” section, this chapter).
The carbon contents of these samples are listed in Table 8, and
OC and TOC values are compared with depth in Figure 24. In
addition, Rock-Eval pyrolysis parameters, including total or-
ganic carbon (TOC), were determined using parts of these same
samples (Tables 9 and 10). The OC content of these samples var-
ies widely and ranges from 0.32% to 6.20% for OC and from
0.37% to 5.88% for TOC; OC and TOC values are comparable,
but TOC is generally lower (Fig. 24). The variability in OC con-
centrations can be attributed to a significant part of the sedi-
ment drilled at this site being fine silt and sand that have an ex-
pected low carbon content.

Rock-Eval pyrolysis parameters in Table 9 are shown graphi-
cally in Figure 25. The trends with depth of the hydrogen and
oxygen indices (HI and OI) and TOC are similar to the trends
observed at the previous site (see “Organic Geochemistry” sec-
tion, Site 686 chapter). Samples with higher amounts of organic
carbon have higher HI and lower OI values. The opposite is true
for samples with lower amounts of organic carbon. One expla-

SITE 687

Table 7. Extracted gases at Site 687.

Core-section Depth Cy C,y
interval (cm) (mbsf)  (pL/L) (uL/L) C/Cy
Headspace gases

112-687A-2H-5, 0-1 13.5 160
4H-5, 0-1 32.5 230

6H-5, 0-1 51.5 43,000 24 1800

10X, CC, 0-1 93.0 110,000 28 4100

12X-1, 149-150 105.5 54,000 24 2100

14X-3, 0-1 124.5 74,000 29 2500

18X-1, 149-150 161.0 140,000 50 2800

21X-2, 149-150 191.0 210,000 69 3000

22X-3, 0-1 200.5 150,000 36 4200
112-687B-1H-3, 139-140 4.4 50
3H-4, 0-1 19.2 220
5H-2, 0-1 35.2 250

TH-1, 139-140 54.1 41,000 27 1500

10H-1, 144-145 82.7 44,000 14 3100

13X, CC, 0-1 109.0 33,000 22 1500

15X-2, 0-1 120.8 41,000 27 1500

16X-1, 10-11 128.9 140,000 63 2200

19%-3, 0-1 160.3 120,000 39 3100

22X, CC, 29-30 195.0 140,000 28 5000

Canned gases

112-687B-1H-3, 140-145 4.5 27

3H-3, 135-140 19.1 84 2.4 36

6H-5, 135-140 50.6 34,000 13 2600

10H-1, 145-150 82.7 41,000 14 2900

16X-1, 111-121 130.0 40,000 34 1200

Units are in microliters (uL) of gas component per liter (L) of wet sedi-
ment. All measurements were made on the Hach-Carle Gas Chro-
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Figure 23. Comparison of extracted methane concentrations with depth
determined by the headspace procedure at Holes 687A and 687B. The
dots are the results from the can procedure applied to samples from
Hole 687B.
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Table 8. Organic carbon and carbonate carbon for Hole 687B.

Total Inorganic  Organic
Core-section Depth  carbon carbon carbon  TOC
interval (cm) (mbsf) (%) (%) (%) (o)
112-687B-1H-3, 145-150 4.5 2.7 0.25 2.46 1.95
3H-4, 140-150 20.6 6.24 0.04 6.20 5.88
5H-3, 54-64 37.2 2,52 2.21 0.31 0.37
6H-5, 140-150 50.6 2.15 1.16 0.99 0.68
TH-1, 140-150 54.1 6.81 0.71 6.10 5.78
15X-1, 140-150 120.7 1.71 0.82 0.89 0.84
19X-3, 103-113 161.3 4.10 0.15 3.95 3.73
TOC = total organic carbon from Rock-Eval pyrolysis.
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Figure 24, Comparison of organic carbon (OC) with total organic car-
bon (TOC) from Rock-Eval pyrolysis at Site 687.

nation is that the small amounts of organic carbon in the fine
silts and sands at this site came mainly from terrigenous sources.
Thus, the three samples with the lowest TOC values straddle the
type 11I field of the van Krevelen-type diagram (Fig. 26). The
other samples are closer to type II. This is considered indicative
of marine organic matter (Tissot and Welte, 1984). These inter-

pretations of Rock-Eval data follow from conventions based on
studies related to sources of petroleum rocks. With the imma-
ture organic matter in Quaternary oceanic sediments, these con-
ventions may no longer be totally valid. For example, the HI
and OI fields of type I, II, and III may not be indicative of spe-
cific sources of organic matter. It is well known that immature,
marine organic matter contains many oxygenated species. Thus,
OI values of immature marine organic matter should be higher
than OI values in mature marine organic matter that has lost
oxygen through diagenesis.

As one test of the nature of the organic matter in the samples
containing the lowest amounts of organic carbon, we investi-
gated the visible organic matter on smear slides of parts of these
samples. The sediments were boiled in NaOH, washed, and cen-
trifuged. The residue was treated with alcohol, separated with
bromoform, and the lower-density material was washed with al-
cohol and water and mounted in glycerin-gelatin on a glass
slide. Although this treatment destroys some organic matter, the
more chemically resistant organic material should remain. Ob-
servations about these samples are as follows:

1. Sample 112-687B-1H-3, 145-150 c¢m, has organic carbon
contents of 2.46%; abundant amorphus organic matter; very
few cysts, brownish/grayish sacks; no other detectable struc-
tural matter.

2. Sample 112-687B-5X-3, 54-64 cm, has organic contents
of 0.31%; amorphus organic matter; some dinoflagellate cysts
and very few pollen grains; elongate brownish organic tissue.

3. Sample 112-687B-6X-5, 140-150 cm, has organic carbon
contents of 0.99%; extremely rare, brown, organic aggregates;
no other detectable organic matter.

4. Sample 112-687B-15X-1, 140-150 cm, has organic carbon
contents of 0.89%; extremely rare, dark brown, perforated plates;
few blackish phytoliths; no other structures.

The results of this survey indicate that the residual organic mat-
ter in these samples is mainly marine in origin with only a minor
terrigenous component. Thus, determining the source of or-
ganic matter in these samples, based on a strict interpretation of
the van Krevelen-type diagram, must be evaluated carefully.
The profiles of organic-matter characteristics (Fig. 25), based
on only seven samples, give the impression of extreme fluctua-
tions of the various parameters. To determine how these low-
resolution profiles compare with high-resolution profiles, we ana-
lyzed 22 samples from Hole 687A (Table 10). These samples
came from sediments that had been tested for carbonate carbon
earlier (see “Lithostratigraphy” section, this chapter). The re-
sults are shown in Figure 27. TOC values are generally low
(< 1.0%) below about 25 mbsf. The silt and sandy units be-
tween this depth and about 90 mbsf contain little organic matter
that yields low amounts of pyrolysis products (S;, S,, and S,).
Sections 112-687A-10X, CC (11-12 ¢cm) and 112-687A-11X, CC
(13-14 cm) have such low values of S, S, S;, and TOC that any
parameters derived from or related to these values, such as HI,

Table 9. Summary of Rock-Eval pyrolysis data from Hole 687B.

Core-section Depth  Weight TOC
interval (cm) (mbsf) {mg) Tk S Sy Sy PI S,/83 PC (%) HI 0Ol
112-687B-1H-3, 145-150 4.45 100.5 404 1.08 692 243 0.13 2.84 0.66 1.95 354 124
3H-4, 140-150 20.60 99.5 393 3.62 2536 323 0.12 7.85 2.41 5.88 431 54
5H-3, 54-64 37.24 101.7 391 0.04 0.21 0.58 0.17 0.36 0.02 0.37 56 156
6H-5, 140-150 50.60 96.3 384 0.26 1.02 0.88 0.20 1.15 0.10 0.68 150 129
TH-1, 140-150 54.10 99.4 397 4.29 27.80 3.31 0.13 8.39 2.67 5.78 480 57
15X-1, 140-150  120.70 101.0 385 0.30 1.42 1.26 0.17 1.12  0.14 084 169 150
19X-3, 130-113  161.33 96.6 393 3.06 1642 208 0.16 7.89 1.62  3.73 440 55

Rock-Eval parameters are defined in “Organic Geochemistry” Section, Site 679 chapter.
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Table 10. Summary of Rock-Eval pyrolysis data from Hole 687A.

Core-section Depth  Weight TOC
interval (cm) (mbsf) (mg) Tmax Sy S, S, PI S,/83 PC (%) HI (o)}
112-687A-1H-1, 61-62 0.61 80.8 397 14.59 54,13 856 0.21 632 572 11.55 468 74
1H-4, 61-62 5.11 61.0 391 8.49 28.09 455 0.23 6.17 3.04 6.46 434 70
2H-2, 55-56 9.55 94.0 400 1.85 12.86 218 0.13 5.89 1.22 294 437 74
2H-3, 142-143 11.92 100.7 411 0.71 7.3  1.91 0.09 3.85 0.67 1.74 422 109
3H-3, 86-87 20.86 101.1 396 228 17.66 2.78 0.11 6.35 1.66 4.11 429 67
4H-1, 58-59 27.08 99.4 406 0.35 2,18 1.62 0.14 134 0.21 0.77 283 210
4H-3, 58-59 30.08 102.1 397 0.09 043 1.12 017 038 0.04 0.41 104 273
5H-2, 82-83 38.32 93.5 388 0.35 1.37 135 0.20 1.01 0.14 0.52 263 259
5H-4, 82-83 41.32 96.8 383 0.10 037 137 022 027 0.03 0.72 51 190
10H, CC, 11-12 83.61 100.8 398 0.05 0.16 1.19 025 013 0.01 0.14 114 850
11H, CC, 13-14 93.13 102.2 309 0.02 009 090 020 0.0 0.00 0.05 180 1800
13X-1, 75-76 112.75 66.8 406 2.4 12,81 2.88  0.16 4.44 1.27 2.83 452 101
13X-3, 75-76 115.75 71.0 391 1.08 352 1.85 0.23 1.90  0.38 0.88 400 210
14X-1, 47-48 121.97 96.4 386 0.35 .25 1.00 0.22 1.25  0.13 042 297 238
14X-4, 47-48 126.47 80.0 387 1.11 3.57 118 024 3.02 039 095 375 124
15X-2, 44-45 132.94 97.0 392 1.03 .76 1.61 022 233 0.39 1.03 365 156
17X-2, 30-31 151.80  100.2 396 0.19 070 1.34 0.22 052 0.07 041 170 326
17X-5, 30-31 156.30 101.3 395 0.47 1,52 203 024 074 016 0.86 176 236
18X-2, 35-36 161.35 61.0 400 3.21 1195 281 021 425 1.26 2.66 449 105
19X-3, 46-47 172.46 82.2 395 1.36 458 2.09 023 219 049 1.29 355 162
21X-3, 103-104 192.03 97.1 401 296 1493 311 0.7 480 1.49 3.62 412 85
22X-3, 61-62 201.11 73.5 390 0.57 1.2 1.76 0.27 0.86 0.17 0.47 323 374

Rock-Eval parameters are defined in “Organic Geochemistry” section, Site 679 chapter.

OIl, and T,,,, are probably meaningless and should be dis-
counted. In Figure 27, these profiles (less the two samples men-
tioned above) provide a more realistic appraisal of the organic
matter in the sediments at Site 687 than do the profiles shown in
Figure 25, as would be expected for the larger data base. Figure
28 shows the distribution of HI and OI values and emphasizes
the high oxygen content of many of the samples from this site.
Before we can be confident of applying Rock-Eval data to young,
oceanic sediments, more studies will be needed to define the
ranges of values of the various parameters for organic matter
from different sources.

INORGANIC GEOCHEMISTRY

Introduction and Operation

At Site 687, the shallower site in the southernmost transect at
~13°S, two holes were cored in a water depth of 306.8 m. Ex-
cept for one in-situ water sample at 169.0 m from Hole 687A,
all interstitial-water samples analyzed were squeezed from whole-
round samples of sediment. Because sediments recovered in Hole
687B were extremely poor and disturbed, mainly 10-cm whole-
round samples were retrieved, beginning with Section 112-687B-
3H-4 downhole. Results are shown in Figures 29 through 38.

As with the adjacent Site 686, the in-situ water sampler re-
covered pristine interstitial waters from the rather soft sediments.
Large systematic downhole increases in chloride, salinity, cal-
cium, magnesium, ammonia, and phosphate were observed at
this site (Figs. 29 and 32 through 38). As was the case at Sites
684 and 686, sulfate concentrations did not increase with depth
below the methanogenesis zone. The deepest sample analyzed
(at 169 mbsf) was still within the sulfate-depleted zone. Sedi-
mentation rates in the Quaternary section of Site 687 are consid-
erably lower (~65 m/m.y.) than those at the nearby Site 686,
where Quaternary sedimentation rates are ~ 160 m/m.y. (see
“Biostratigraphy” section, Site 686 and 687 chapters).

Chloride and Salinity

Chloride and salinity gradients were more than twice as steep
at this shallow site as at adjacent Site 686 (Fig. 29 and Table 11)
in somewhat deeper water (446.8 m water depth). The average
chloride concentration gradient at Site 687 is 13.7 mmol/L/10 m
vs. 6.0 mmol/L/10 m at Site 686 (see Fig. 36, Site 686 chapter).
At 169 mbsf, chloride concentrations are ~ 138% of seawater,

Although not as distinct as at Site 686, a salinity minimum
was again observed, however, at a different depth interval in
Samples 112-687B-3H-4, 140-150 cm, and 112-687B-5H-3, 54~
64 cm, between ~20 and 40 mbsf. The depth of the salinity
minimum at Site 686 does not coincide with the sulfate mini-
mum but does occur at the same depth as the Ca?* minimum
and Mg2*/Ca?* maximum at Site 687 (Fig. 35). For a discus-
sion of salinity minimum see “Inorganic Geochemistry” sec-
tion, Site 686 chapter.

Sulfate and Alkalinity

The sulfate-reduction zone at Site 687 is almost 40 m thick,
compared with only ~15 m at Site 686 (Figs. 30 and 31 and
Table 11). The different and slower sedimentation regime at this
site is responsible for the thicker sulfate-reduction zone (see
“Lithostratigraphy” section, this chapter). A discussion about
sulfate and alkalinity can be found in the “Inorganic Geochem-
istry” section, Site 686 chapter.

The alkalinity maximum can be seen in Figure 30, at 10 to
15 m shallower than the sulfate minimum. This is an “appar-
ent” maximum controlled by carbonate diagenesis between 20
and 40 mbsf. Methane concentrations increase steeply at about
40 mbsf, below the sulfate-reduction zone (Fig. 31).

Ammonia and Phosphate

A general trend of increasing concentrations with depth can
be seen for both ammonia and phosphate (Figs. 32 through 34
and Table 11). The NH; maximum occurs approximately 15 m
deeper (37.2 mbsf; Sample 112-687B-5H-3, 54-64 cm) than the
phosphate maximum (20.6 mbsf; Sample 112-687B-3H-4, 140-
150 ¢cm). Figures 33 and 34 show the positive correlations be-
tween the systematic downhole increases in chloride and ammo-
nia and phosphate concentrations, respectively. For a discus-
sion, see the Site 686 chapter.

Silica

Silica concentrations are high and reach values between 944
and 1104 umol/L (Table 11). The small fluctuations in silica con-
centrations with depth (e.g., 1038 umol/L at 20.6 mbsf, 951
umol/L at 37.2 mbsf, and 1072 umol/L at 54.1 mbsf), may re-
flect the fluctuations between more diatomaceous, sandier zones.
In the sandier intervals, preservation of diatoms is only moder-
ate to poor (see “Biostratigraphy” section, this chapter).
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Figure 25. Comparison of Rock-Eval parameters Ty, Sy, S5, S3, TOC, HI, and Ol in seven samples from Hole 687B.
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Figure 26. Hydrogen and oxygen indices (HI and OI) obtained from
Rock-Eval pyrolysis of seven samples from Hole 687B and plotted on a
van Krevelen-type diagram (Tissot and Welte, 1984).
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Calcium and Magnesium

The main differences among the profiles of Ca?*, Mg?*,
and Mg2*/Ca?* that we observed at Sites 687 and 686 are as
follows:

Site 687 Site 686
(mmol/L/10 m) (mmol/L/10 m)
Ca?* concentration 0.96 0.17
downhole increases
Mg?* concentration 1.90 Constant value of gradient
downhole gradient ~27 mmol/L between
106 and 296 mbsf
Mg?* /Ca* downhole 0.27 0.16

decreasing ratio

Despite the rather extensive dolomitization at this site, Mg?*
concentrations increase with depth. Because of slower sedimen-
tation rates, the rate of magnesium diffusion from the subsur-
face brine is greater than the rate of Mg?* consumption by do-
lomitization at this site (see Fig. 38). In contrast, at Site 686 the
magnesium diffusion rate seems to equal the rate of dolomite
formation. For the sequence of diagenetic reactions of carbon-
ate, see the discussion in Site 686 chapter.

PALEOMAGNETICS

Introduction

The shipboard paleomagnetic studies were conducted to ob-
tain a detailed magnetostratigraphy of the sediment cores. The
upper 21 m of Hole 687A possessed a strong magnetic signal
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Figure 28. Hydrogen and oxygen indices (HI and OI) obtained from
Rock-Eval pyrolysis of 22 samples from Hole 687A.

eter. The deeper sediment cores were characterized by weak mag-
netic moments (< 0.2 mA/m). This rapid decay in the magnetic
moments of the samples is easily seen in Figure 39. This behav-
ior is similar to results from all sites collected during Leg 112
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this chapter).

and reported here. Past DSDP Legs (e.g., Barton and Bloemen-
dal, 1986) reported a similar loss of magnetic intensity with
depth from other sedimentary sections. Although the cause of
this decrease in magnetic intensity is not known, it probably is
related to a diagenetic effect in the sediments after burial. This
diagenetic effect probably results in the chemical reduction of
the magnetic carrier and transfer of iron into a more reduced
state, that is, a nonmagnetic or weakly magnetic sulfide phase.
Both the weakness of the magnetic moments and the large cir-
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Figure 33. Interstitial chloride and ammonia at Site 687.

cular standard deviation for the cores below Core 112-687A-3H,
eventually forced us to end our sample measurements below
Core 112-687A-6H. These deeper cores will be sampled and
measured in shore-based studies with a cryogenic magnetometer.

Results

Vector plots of these samples show that beginning demagnet-
ization with 150 Oe did not destroy the valuable primary signal.
In fact, most samples showed unidirectional decay of their mag-
netic behavior between 100 to 300 Oe. Figure 39 shows the decli-
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nation, inclination, and intensity values of the analyzed samples
at the 150-Oe level of demagnetization. This value of demagnet-
ization was selected on the basis of the vector plots. The figure
indicates that a change in the normal-to-reversed inclination
value can be found between 35 and 38 mbsf (Section 112-686A-
5H-2), which apparently corresponds to the Brunhes/Matuyama
boundary. This finding is consistent with shipboard paleonto-
logical and sedimentological studies.

Hole 687A

We noted two interesting observations while measuring sam-
ples. First, the upper three cores (Cores 112-686A-1H through
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Figure 37. Interstitial chloride and calcium at Site 687.

112-686A-3H) were characterized by relatively strong (>1 mA/
m) samples with stable magnetizations. Samples collected from
similar lithologies in deeper cores (below Core 112-686A-3H)
showed a marked deterioration in the magnetic signal, as is ob-
served in the plot on the right of Figure 39. This intensity-vs.-
depth plot also indicates that the intensity of magnetization
shows a cyclic pattern, as seen in Sites 680, 683, and 685.

PHYSICAL PROPERTIES

Physical-properties measurements at Site 687 were performed
on split cores, at an approximate interval of two samples per
core in good quality APC cores and, where quality of recovery
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Figure 38. Interstitial chloride and magnesium at Site 687.

permitted, in XCB cores. Lithologic Unit II at this site consisted
of fine-grained sand that generally was either highly disturbed
or had poor recovery. Cores from this unit were neither sam-
pled, nor run through the GRAPE, which resulted in a large
data gap in both holes. A sample of sediment from Section
112-687A-3H-2, which had been split by the saw, was evaluated
for freshwater contamination by analyzing the interstitial water.
Analysis indicated approximately 2% dilution by freshwater (M.
Kastner, pers. comm., 1986), which is consistent with previous
analyses at Site 685 (see “Inorganic Geochemistry” and “Physi-
cal Properties” sections, Site 685 chapter).

Index Properties

The index properties measured at this site include water con-
tent (presented as a percentage of dry sample weight), porosity,
bulk density, and grain density (Table 12). Downhole profiles of
water content and porosity are shown in Figure 40. These data
depict great variability over short distances, with water content
ranging from <50% to >250% and porosity from 50% to
>90%. This variability is similar to that seen at Site 686, but
less data were collected at Site 687 and cycles were not as well
defined. Water content and porosity decrease through Subunit
IA and the upper part of Subunit IB, but increase again in the
lower part of Subunit IB. In Unit III, these properties show no
discernible trends.

The bulk-density data (Fig. 41) show similar variability
through Units I and III. An increase in bulk density from the

Table 11. Interstitial-water geochemical data for Site 687.
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Figure 39. Declination, inclination, and magnetic intensity plots vs. depth
below seafloor for Hole 687A. The diagram shows a reversal occurring
at 35-38 mbsf. The magnetic intensity vs. depth plot appears to show
the cyclicity noted in Sites 680 and 683.

seafloor to the upper part of Subunit IB complements the de-
crease in water content and porosity over the same interval.
More detailed plots of the GRAPE data show the marked vari-
ability of the bulk density over distances of only a few centimeters
(Fig. 42). The importance of obtaining continuous GRAPE pro-
files for use to resolve the highly varied sediment facies is evi-
dent in Figure 42. The expanded GRAPE profile depicts these
variations well, while the sample measurement gives only a rough
indication of trends in bulk density.

In Figure 42A, the sediment sequence consists of predomi-
nantly diatomaceous mud from 10.5 to 12.3 m, which indicates
relatively low and consistent bulk-density values, except for
spikes corresponding to graded terrigenous sand and silt beds.
Below 12.3 m, the sequence contains a greater proportion of the
graded sand and silt beds, which causes bulk density to fluctu-
ate greatly and the GRAPE profile to become even more irregu-
lar and broken up (Fig. 42B).

Core-section Depth Salinity cl- Alkalinity  S03~ PO}~ NH; Si0, Ca®* Mg**
interval (em) (mbsf) pH (2/kg) {mmol/L) (mmol/L) (mmol/L) (umol/L) (mmol/L)}) (pmol/L) (mmol/L) (mmol/L) M32 *rcatt
112-687B-1H-3, 145-150 445 76 34.8 547.55 12.24 19.25 49.48 1.76 944 9.40 51.60 5.49
3H-4, 140-150 060 7.8 34.0 564.73 16.25 6.77 51.37 3.68 1038 6.36 43.13 6.78
5H-3, 54-64 3724 79 340 580.94 13.57 0.0 50.45 12.54 951 6.71 35.54 5.30
TH-1, 140-150 5410 76 35.0 601,93 10.74 0.0 53.37 T.12 1072 6.93 34.76 5.02
15X-1, 140-150 120,70 7.4 41.6 706.86 12.62 0.0 56.28 13.36 1049 14.82 46.91 317
19X-3, 103-113 161.33 1.5 44.9 762.19 11.20 0.0 59.20 13.77 1104 19.44 56.45 2.90
112-687A In-situ | 169.0 7.3 46.1 769.91 12.77 0.0 51.42 13.83 1089 20.66 58.76 2.84
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Table 12. Summary of index-properties data for Holes 687A and 687B.

Core-section Water Bulk Grain

interval Depth content Porosity  densit density

(cm) (mbsf) (% dry wt) (%) (8/ecm’)  (g/cm?)
112-687A-1H-1, 61 0.61 260.79 89.82 1.27 2.32
1H-3, 110 4.10 229.70 89.70 1.32 2,39
2H-2, 35 9.35 144.97 81.28 1.41 2.50
2H-4, 79 12.79 86.61 74.29 1.64 2.62
3H-2, 74 19.24 146.53 79.65 1.37 2.32
4H-2, 95 28.95 72.90 67.53 1.64 2.69
4H-4, 111 32.11 73.94 67.42 1.63 2.52
5H-2, 80 38.30 68.61 65.41 1.65 2.54
5H-4, 83 41,33 56.50 61.33 1.74 2.68
5H-6, 135 44,85 73.01 68.53 1.66 2.70
6H-1, 60 46.10 120.04 77.44 1.45 2.42
6H-3, 99 49.49 135.81 79.56 1.42 2.30
7X-2, 10 56.60 125.04 77.16 1.42 2.37
12X-1, 103 103.53 45.69 58.04 1.90 2.72
13X-2, 88 114.38 125.38 77.74 1.43 2.46
13X-4, 92 117.42 87.75 74.35 1.63 2.70
13X-6, 77 120.27 154.57 79.96 1.35 2.07
14X-1, 33 121.83 68.51 65.82 1.66 2.58
14X-3, 110 125.60 86.29 71.65 1.58 2.55
14X-5, 23 127.73 164.41 83.47 1.38 2.42
15X-2, 34 132.84 88.86 72.71 1.58 2.41
17X-2, 117 152.67 49,53 57.86 1.79 2.60
17X-4, 122 155.72 67.28 66.38 1.69 2.58
17X-6, 37 157.87 196.75 86.55 1.34 2.39
18X-2, 50 161.50 132.68 78.03 1.40 2.15
19X-2, 120  171.70 125.59 77.45 1.43 2.27
19X-4, 36 173.86 74.84 67.55 1.62 243
21X-2, 128 190.78 141.03 79.93 1.40 2.34
21X-4, 34 192.84 109.89 76.99 1.51 .57
22X-1, 133 198.83 33.37 49.87 2.04 2.75
22X-3, 80 201.30 102.07 75.75 1.54 2.50
112-687B-1H-3, 114 4.14 179.58 82.40 1.31 2.28
3H-2, 115 17.35 122.20 92.72 1.73 2.36
3H-4, 65 19.85 194.86 72.73 1.13 2.15
5H-2, 78 35.98 51.59 59.80 1.80 2.66
6H-2, 84 45.54 63.69 65.40 1.72 2.62
6H-4, 64 48.34 127.20 79.15 1.45 2.31
6H-6, 67 51.37 124.45 78.44 1.45 2.36
7H-1, 50 53.20 183.62 82.74 1.31 2,12
15X-2, 107  121.87 147.14 82.65 1.42 2.44
16X-1, 63 129.43 194.07 87.80 1.36 2.18
19X-3, 42 160.72 222.52 86.62 1.29 1.99

Compressional-Wave Velocity

As at previous sites, velocities were obtained using the P-
wave logger, which only functions well with high-quality APC
cores. At Site 687, reliable data were obtained only from the top
30 m of Holes 687A and 687B. A profile of velocities from Sec-
tion 112-687A-1H-1 is shown in Figure 43. The marked spikes at
approximately 75 and 85 cm probably correspond to dolomi-
crite nodules found at these levels.

Vane Shear Strength

Vane shear strengths were measured with the Wykham-Far-
rance shear vane device and are listed in Table 13. As was ex-
pected from the variable lithology at Site 687, vane shear strength
measurements are highly scattered (Fig. 44). Some draining dur-
ing testing also occurred in the coarser or highly diatomaceous
sediments, contributing to the scatter we observed. The profile
shows shear strength broadly increasing with depth; that is, from
a near-surface value of 12 kPa to values as high as 175 kPa at
depth.

‘We calculated the total and effective overburden stresses us-
ing bulk-density measurements and by assuming hydrostatic
pore-pressure conditions. The ratio of peak undrained vane shear
strength to effective overburden pressure (C,/P’) is plotted vs.
depth below seafloor for Hole 687A (Fig. 45). Some of the vari-
ation imposed by cyclic behavior of the physical properties is
apparent in the profile. The high vane shear strength (166 kPa)
and corresponding low bulk density at 49.5 mbsf are emphasized.

SITE 687

Thermal Conductivity

Thermal conductivity was measured by the needle-probe
method on samples from Hole 687B. Measurements were usu-
ally performed before splitting the cores. For Core 112-687B-3H,
the probes were inserted into the ends of the split sections. Af-
ter Core 112-687B-7TH, few measurements were possible because
cores were either highly disturbed or recovery was poor. Results
are presented in Table 14 and Figure 46.

Thermal conductivity was greater than 1.2 W/m*K between
25 and 40 mbsf, although the highest two values may be ques-
tionable because these samples were slightly disturbed. As ob-
served at Site 686, the high values correspond to the sandy lay-
ers. Below these layers, thermal conductivity rapidly decreases
to 0.78 W/m+K at 54 mbsf. As a whole, variations in thermal
conductivity are consistent with the variations in index proper-
ties (Figs. 40 and 41).

Discussion

All physical-properties data at Site 687 vary greatly because
of lithologic changes similar to those observed at Site 686. Zones
containing abundant diatoms have high water contents, high
porosities, and low bulk densities. Zones containing higher silts
have lower water contents, lower porosities, and higher bulk
densities. At Site 687, the presence of numerous sand- and silt-
based graded beds causes greater variability of the physical prop-
erties than we observed at Site 686. Thus, climate-related cycles
are more difficult to identify.

The value of continuous GRAPE profiles becomes clear when
such variations are present. As can be seen from Figure 42, the
relatively few data points obtained from sample measurements
(represented by open circles in Fig. 42) do not represent the se-
quence as a whole. Combined use of both GRAPE and sample
data provide the best basis for understanding the physical prop-
erties at Site 687.

GEOPHYSICS

Structure and Seismic Records

Site 687 was located on the gently dipping, landward flank of
the southern end of the Lima Basin (Fig. 47). This landward
boundary, the Lima Platform, is a block-faulted basement struc-
ture that runs along the outer shelf. Many scientists believe that
tensional faulting breaks down the Lima Platform and that the
fault blocks subside and constitute the floor of the Lima Basin
proper (Thornburg and Kulm, 1981). The center of thickest sed-
iment cover of this basin has shifted, indicating a seaward shift
in subsidence of these blocks to a water depth of >2000 m. An
upper-slope rise marks the seaward boundary of the Lima Ba-
sin. In the area where Site 687 was drilled (southeast corner of
the basin), the Lima Platform is a broad structural feature that
is oriented transversely to the margin, thereby marking the
boundary between the southern end of the Lima Basin and the
northern end of the West Pisco Basin (see Site 686 Chapter).
Site 687 lies in shallow water (307 m) over a tectonically stable
portion of the westernmost part of the Lima Platform. About
15 km west of the site, flat-lying reflectors are truncated by the
seafloor, which forms scarps and indicates removal of several
hundreds of meters of sediment from the upper slope. Such
scarps are also present in the subsurface. Drilling at Site 687
penetrated 200 m into these flat-lying reflectors.

Selection of Site 686 was initially based on SCS Line YALOC
13-03-74, obtained during the Nazca Plate Project (Kulm et al.,
1981). An interpreted section of this line is shown in Figure 47,
and part of the original single-channel record is depicted in Fig-
ure 48. These data were supplemented during approach to the
site by a seismic survey shot with an 80-in.? water gun and con-
current 3.5-kHz profiling from JOIDES Resolution. This com-
bined information delineates these flat-lying packets that con-
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Figure 40. Profiles of water content and porosity for Site 687.

formably overlie the gently dipping flank of the Lima Platform.
As we observed previously in the West Pisco Basin, two sequences
can be distinguished at Site 687: (1) a lower sequence (lithologic
Units II and III) that thickens seaward and (2) an upper se-
quence (lithologic Unit I) that thickens landward. The upper se-
quence forms a downlapping contact with the lower one. Ap-
parently, farther landward of Site 687, this interface may be ero-
sional. The interface between both units occurs at 60 + 10 mbsf,
which coincides with the boundary between lithologic Units I
and II. Unit Il consists of 50 m of dominantly sandy beds,
which either represents the early parts of the downlapping se-
quence or is reworked material from the top of Unit III. Just
above the Unit I/11 boundary (47.8 mbsf), we found a distinct
ash bed that consisted of a 2-cm-thick, light-colored lower part
and a 6-cm-thick, dark gray upper part. This marker was tenta-
tively identified at Site 686 in the same seismic stratigraphic po-
sition (i.e., near the base of the landward-thickening sequence;
however, at 153.6 mbsf. Thus, we believe that the landward-
thickening seismic sequences at Sites 686 and 687 are coeval and
that during the late Quaternary (<0.9 Ma), the sedimentation
rates in the neighboring basins differed by almost a factor of
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three. Similarly, the lower seismic sequences, which at Site 687
contain the Pliocene/Pleistocene boundary at 120 mbsf but
which at Site 686 do not reach that age, represent comparable
geologic intervals. However, the time resolution of this sequence
is quite different for the Lima and the West Pisco basins, at
least for the upper part. The 3.5-kHz record shows the upper-
most part of the landward-thickening sequence in greater detail
(Fig. 49). Several sub-bottom reflectors can be correlated with
lithologic changes in the recovered section. A series of sandy
beds at 12-14 mbsf and 22-24 mbsf correlate well.

Heat Flow

Temperature Measurements

Temperatures were measured at Hole 687A using the APC
tool and the T-probe. The APC tool was run while retrieving
Cores 112-687A-4H and 112-687A-6H. In both measurements,
frictional heating from penetration was high. Moreover, on the
second run, the decay curve was somewhat irregular (Fig. 50),
which suggests that the APC shoe may not have been stable in
the sediments. These factors account for large errors in temper-
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Figure 41. Bulk-density profiles for Site 687. Small dots are the GRAPE data; open circles indicate

sample measurements.

ature extrapolation. Equilibrium temperatures were estimated as
11.0 £ 0.5°C at 36.0 mbsf and 11.8 + 0.5°C at 55.0 mbsf.
The T-probe was deployed with the pore-water sampler after
Core 112-687A-18X. The APC tool was run by attaching the
APC shoe to the pore-water sampler, and then mud-line water
temperature was measured for calibration. Figure 51 shows the
temperature record obtained with the T-probe after correction
with the mud-line temperature. A problem in the connection be-
tween the temperature sensor and connector could indicate an
error in temperature of 0.5°C (see “Explanatory Notes” chap-
ter, this volume). The temperature record was stable in the sedi-

ment, and the equilibrium temperature was calculated as 18.8°C
at 169.0 mbsf.

Estimating Heat Flow

Formation temperatures obtained with the APC tool and the
T-probe are plotted vs. depth in Figure 52. The geothermal gra-
dient determined by the least-squares fitting is 58 m?-K/m (solid
line in Fig. 52). However, thermal-conductivity measurements
indicate that the sand layers have much higher thermal conduc-
tivity than the mud layers (see “Physical Properties” section,
this chapter). Hence, the temperature-vs.-depth profile cannot
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be a straight line, and heat flow should be calculated by taking
into account the variation of thermal conductivity. Because few
thermal-conductivity data were obtained from lithologic Units
II and III, we assumed that the thermal conductivity was 1.3
W/m-K in Unit II (57 to 103 mbsf) and 0.9 W/m-K in Unit 111
(below 103 mbsf). The latter value is based on the relationship
between thermal conductivity and water content for the Leg 112
samples (see “Physical Properties” section, Site 688 chapter).
These values were corrected for temperature and pressure effects
and then converted into the thermal resistance between the tem-
perature measurement points. Using the least-squares method,
we calculated the heat flow as 60 mW/m?2. This value is higher
than a heat flow of 45 mW/m? at Site 686; however, this differ-
ence may not be significant when one considers the uncertainty
of all the thermal-conductivity data.
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SUMMARY AND CONCLUSIONS

Site 687 and the companion Site 686 straddle the critical wa-
ter depths between 300 and 450 m near the lower boundary of
the oxygen-minimum zone in the Peru coastal upwelling regime.
These sites were selected (1) to obtain a high-resolution record
of the upwelling and climatic histories from Quaternary and
possibly Neogene sediments, (2) to evaluate further the role of
the oxygen-minimum zone on organic matter burial, and (3) to
document in detail early diagenetic reactions and products spe-
cific to the coastal upwelling environment. Site 687 is located on
the seaward flank of the Lima Platform, which in this area
forms the eastern and southern boundaries of the Lima Basin.

Two holes were drilled at Site 687. Hole 687A was cored to a
total depth of 207.0 mbsf, using the APC tool to 55.0 mbsf and
then followed by XCB coring. Hole 687B was cored using the
same combination of drilling tools to 195.3 mbsf. Overall core
recovery was moderate (50%) in both holes; however, recovery
was poor (<20%) in the thick sand intervals. Cores from both
holes could be correlated readily, based on lithostratigraphic
and biostratigraphic markers. A distinct ash bed marker was lo-
cated at 47.8 mbsf; it consisted of a 2-cm-thick white layer and
10-cm-thick gray layer above. We also found this marker at Site
686 in the same stratigraphic position (i.e., near the base of the
lower sequence; however, located at 153.6 mbsf. Clearly, these
landward-thickening sequences, which occur at both Sites 686
and 687, are coeval. During the late Quaternary, the sedimenta-
tion rates in these neighboring basins differed by a factor of al-
most three.

The sediments at Site 687 consisted of diatomaceous mud
having wide variations in texture and composition. These varia-
tions served to subdivide the sections into three lithologic units
and four subunits (i.e., Subunits IA, IB, Unit II, Subunit IIIA,
and Subunit IIIB. The variation in composition is caused by
calcareous intervals and reflects different proportions of authi-



Table 13. Summary of vane-shear-
strength data for Holes 687A and

687B.
Core-section Depth Peak
interval (cm) (mbsf) (kPa)
112-687A-1H-1, 61 0.61 11.86
1H-3, 110 4,10 38.08
2H-2, 35 9.35 51.67
2H-4, 79 12.79 54.44
3H-2, 74 19.24 65.97
4H-2, 96 28.96 48.90
4H-4, 112 32.12 78.43
5H-2, 81 38.31 77.05
5H-4, 84 41.34 71.05
5H-6, 136 44.86 93.66
6H-1, 61 46.11 86.60
6H-3, 100 49.50 165.74
7X-2, 11 56.61 50.02
13X-2, 89 114.39 85.85
13X-4, 93 117.43 80.63
13X-6, 78 120.28 98.55
15X-2, 35 132.85 84.36
17X-2, 118 152.68 69.43
17X-4, 122 155.72 64.95
17X-6, 38 157.88 91.83
19X-2, 121 171.71 53.75
21X-2, 129 190.79 67.94
21X-4, 35 192.85 165.74
22X-3, 80 201.30  129.90
112-687B-1H-3, 115 4.15 44.75
3H-4, 65 19.85 88.84
5H-2, 78 35.98 68.68
6H-2, 84 45.54 64.95
6H-4, 64 48.34 135.13
6H-6, 67 51.37 174.70
7H-1, 50 53.20 95.56
15X-2, 107 121.87 88.84
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Figure 44, Profile of vane shear strength for Site 687.
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Figure 45. Ratio of peak undrained vane shear strength to effective over-
burden pressure vs. depth for Hole 687A.

genic dolomite and calcite as well as biogenic (mainly foramini-
fer and mollusk) calcium carbonate. The variation in texture re-
sults from sand and silt contents, which are higher at Site 687
than anywhere else along the paleoceanographic transect off
Peru. Indeed, units are subdivided by frequent sand and silt
beds interlayered with laminated diatomaceous mud. These units
display a large-scale trend from laminated intervals having little
textural variation and rare bioturbation (Subunit I1IB) to lami-
nated intervals containing more frequent sand beds (Subunit
ITIA) to those that consist largely of fine sand (Unit II). The
youngest unit, which overlies the fine sand, changes back again
from bioturbated diatomaceous mud having frequent sand in-
tervals (Subunit IB) to a more laminated diatomaceous mud
having fewer sand intervals (Subunit IA). Thus, the deposition
environment at Site 687 has changed over the past 2.5 m.y. from
one of upper-slope water depths to a shallower shelf environ-
ment and back again to upper-slope water depths. The influence
of the nearby shelf can be seen in the many graded beds of well-
sorted sands. The most likely cause for these beds is sporadic
sand flows over the shelf break in the form of current-generated
sand sheets. This mechanism could produce the sharp contacts
to the underlying diatomaceous mud typical for the sand beds
at Site 687. Benthic foraminifers support the changes in water
depth inferred from the lithostratigraphy and also indicate low
oxygen conditions for the deep habitats (300 m). These changes
probably reflect eustatic sea-level fluctuations in the Pliocene-
lower Pleistocene section and basin subsidence for the middle
and upper Quaternary sections.

In all sections, diatom floras were found that indicated dif-
ferent intensities of coastal upwelling and fertility. These were
classified to represent (1) strong, (2) sporadic, (3) no upwelling
but high productivity, and (4) normal continental margin pro-
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Table 14. Thermal-conductivity data

from Hole 687B.

Thermal
Core-section Depth  conductivity
interval (cm) (m) (W/m-K)
112-687B-1H-4, 20 4.70 0.763
3H-2, 147 17.67 0.972
3H4, 3 19.23 0.762
4H-1, 80 25.00 1.490
4H-2, 40 26.10 1.457
5H-1, 70 34.40 1.401
5H-2, 80 36.00 1.191
5H-2, 130 36.50 1.397
6H-2, 80 45.50 1.076
6H-3, 80 46.00 0.975
6H-4, 60 48.30 0.845
6H-5, 70 49.90 0.907
6H-6, 100 51.70 0.858
TH-1, 70 53.40 0.792
TH-1, 120 53.90 0.776
15X-2, 118 121.98 0.806
16X-1, 53 129.33 0.759
19X-3, 46 160.76 0.756
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Figure 46. Thermal conductivity vs. depth below seafloor for Hole

687B.

ductivity. At least five prolonged phases of intense coastal up-
welling and high productivity occur during shallow- and deep-
water periods at Site 687. This provides ample resolution and
a repeated record of different facies development to document
changes in the zonal structure of upwelling centers.

Diagenetic products are common throughout the cores of
Site 687. Of these, friable phosphates occur only in the diato-
maceous mud of Subunit IA. Dense phosphate peloids are pres-
ent throughout the lithologic units. Phosphate conglomerates are
common at erosional contacts, and phosphate-cemented shells
or bones were found in several cores. Both authigenic calcite
and dolomite are abundant in the sediment as disseminated crys-
tals in unlithified sands, silts, or muds and as fully lithified nod-
ules and beds. The first dolomite bed occurs below the sulfate-

834

depletion zone and coincides with high methane concentrations.
In this zone, biogenic methane again is accompanied by persist-
ent and anomalously high ethane contents, as we found previ-
ously at Site 686. The source of the ethane is unclear; microbial
production may be one mechanism and another might be the in-
flux of ethane from a subsurface brine. This brine can be seen
clearly in a chloride anomaly equivalent to 140% of normal sea-
water salinity, similar to other shelf sites. Besides potentially
supplying ethane, the brine continually replenishes calcium and
magnesium depleted by carbonate mineral formation. We found
subtle differences in the Ca?*, Mg?*, alkalinity, NH;, and PO3~
profiles between Sites 686 and 687, which we believe are related
to the rate of sedimentation, rate of authigenic mineral forma-
tion, and to loading of the brine with unreactive metabolites.
The loading of metabolites probably reflects the brine’s subsur-
face passage through organic-rich sediments that undergo de-
composition by sulfate reduction.
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Figure 48. Part of the single-channel seismic line YALOC 12-03-74, showing near flat-lying strata on the seaward flank
of the Lima Platform; note the location of Site 687.
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v Maor lithology: Section 1, 0-150 cm: mud, black (5Y 2.5/1), grading to dark olive
0.5 gray (5Y 3/2) at the base, homogeneous. mottled near base; olive (5Y 4/3) porous
1] + @ dolomicrite nodule at 71-74 cm
1 ]
by ™ t * Section 2, 0-150 cm: mud, dark ofive gray (Y 4/2) and ofive gray (5Y 3/2), coarsaly
) g banded 1o bioturbated (at 0-64 cm) and laminated (at 64—150 cm); dark yellow brown
Oty 4 ™ {10YR 4/6) phosphate bleb at 37-39 ¢m; and dark gray (Y 4/1) fine-grained sand
=2 - t with thin lamina at 84 cm
= 1
hor Section 3, 0-150 cm: diatomaceous mud, olive gray (5Y 4/2) and dark olive gray,
4 t banded in cm-scale thi Brown biack bone fragment at 34 cm
. Oilive (5Y 4/4) dolomite nodules with included peliets of black phosphoriles at
2] - @ - 51-58 em. Dolomite fragments and one black phosphate fish vertebrae at B7-82 cm.,
I ] Section 4, 0-87 cm: diatomaceous mud, olive gray (5Y 4/2) and dark olive gray (5Y
2 -[U‘- —] 372), with olive (5Y 5/8) laminations rich in diatoms, siightly bioturbated; 87-150 cm
b - diatomaceous mud, dark olive gray (5Y 3/2) with olive (5Y 4/3) motties: and small
a1 ~ — piece phosphatic bone at 144 cm.
174 1 Section 5, 0-140 cm: dialomaceous mud, black (Y 2.5/2) and dark oiive gray (5Y
. — 3/2) with rare olive gray (S5Y 4/2) motties. Diatomaceous volcanic silt, gray {5Y 51)
= | — with thin laminag at 95 em.
I~ — CC, 0-6 cm: diatomaceous mud, black (5Y 2.5/1); and 615 cm: distomaceous mud,
—|v‘- @ dark olive gray (SY 3/2). 6-15 cm
o ]
5 1 * | SMEAR SLIDE SUMMARY (%):
od [s] ©
- 4 - 1,80 2,38 2,126 3,56 4,37 538 508
X - @ C M D M M D M
e 1 1 | rexture
g |
1 ™= — Sand — — 3 186 - 2 10
T — Sitt 15 96 65 15 100 65 80
4 — Clay 85 4 3z 60 33 -
-
1-F COMPOSITION
> 4| TVE Quartz 6 2 12 12 % 12
14 o 4 ™ Feldspar 2 1 10 1 - 8 8
; P e Rock fragments 3 1 5 1 —_ 5 5
o g =1 ™Y Mica T — L Tr — 1 ]
w o T Clay 85 3 28 T — n -
[ m 4 Volcanic glass - — - == — 3 10
< o Caicite/dolomite — 1 5 — - — -
2 - ACCRSSOrY minerals - — - _— —_ 1 2
o = 1. Pyrite T 1 2 10 - 2 —
o 4 Phospharite/apatite 1 1 1 T - 2 —
™ 4N Hombilende - - — 2 — — —
: |0 o il -\J Foraminifers - - 2 - - — -
- |2 5 5 Hannolossits = ~ T - - - —
g o g o I Diatoms 3 90 35 5 100 35 40
== - . Sponge spicules 14 - T - - — —
2191213 — f Silicoflageliates - = = B oS S
MEEIR 1.9
a|Z|o|a [~
%" " CC ~

1

cC
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SITE 687 HOLE A CORE 2H CORED INTERVAL 314.3-323.8 mbsl; 7.5-17.0 mbsf

BIOSTRAT ., ZONE/ . W
£ | FosSIL CHARACTER | ., | w g @
o e
MARE HF 8|2
g |E|8|2 HEIE 9RAPHI als LITHOLOGIC DESCRIPTION
els|8]8]la slEl=l, LiTHOLOGY |2 | B | w
3 312 3 mlo| 2 AR =]
g |3[22]2] |8|e|5|E| B 3l%|g
2 |lz|x|8|% 2|lz|8lz| 5 HIELE]
S HE R Z|Z|5|8| % HEE
+ F I DIATOMACEQUS MUD, SILT, RUBBLE, PHOSPHATE NODULES, and
1~ H DIATOMACEQUS MUD
+- 5
0.5 o Major lithology: Section 1, 0—150 om: diatomaceous mud and silt, very dark gray (5Y
1~ o A1) mud and sill, and dark olive gray (5Y 3/2) to olive gray (5Y 3/3), massive, faintly
1 T-F 7 » moftied. Phosphorite biabs at 108 and 122 cm.
1o o ‘ Section 2, 0-150 cm, diatomaceous mud and sill, dark clive (Y 3/3) with olive
B — diatom-rich bands, moltled, occasional burrows. Fish bones at Section 2, 80 and
4~ E /} 103 em
1~
] — Section 3, 0-150 cm: diatomacecus mud, olive (5Y 373), massive, mottled, vague
o A layering, but evidence for bioturbation. Slump between Section 3, 85 and 113 cm
1~ E 7;— Dark olive gray (5Y 3/2) sand and silt between 134 and 150 cm
M “ Section 4, 0-150 cm: dialomaceous mud, dark olive gray (5Y 3/2) o olive (5Y 3:3),
1 L coarsety laminated. Sand layers at Section 4, 5057, B4—87, and 92-106 cm, Graded
2 1 VE beds between Section 4, 98-102, 105-120, 125-131, and 139-143 cm
1r- E
q ~t ‘ Section 5, 0150 cm: diatomaceous mud, dark olive gray (5Y 3°2) to black (5Y 2.5/2),
4~ ALl with shell fragments, mottied. Graded sand layer at Section 5, 10 cm
E o | *
-J_v" ‘ Section 6, 012 cm: rubble and phosphate nodules, black (5Y 2.5/2) 1o olive (5Y 3/3);
h o 12-150 cm: diatomaceous mud, black (Y 2.5/2) to dark olive gray (5Y 3/3).
= [z O /) bioturbated (12-88 cm) or laminated (88-150 cm). Bone fragment at 98 cm.
+ L
4w Saction 7, 0-70 cm: diatomaceous mud, dark olive gray (5Y 3/2). Bone at 18 cm,
i Gray (N 5) sand at 20~22 cm, Section 7, 42-68 cm, void
e
3 B pag - E—{ * | SMEAR SLIDE SUMMARY (%)
1~k i 1,79 2,122 3,68 4,120 510 561
i il D M M M M M
1~ N
+ E D TEXTURE:
> 4
x 1+ [ — | sand 2 1 — B0 4 -
= 2 1~ | | s 81 @2 80 20 20 45
3 = e 1 — | cay a7 7 — 3
w g Q- A 1
= ol b4 1= COMPOSITION:
a o 4 9
3 Fol 4 u Quartz 10 2 3 5 30 13
< 1~ | Feldspar 5 1 23 1w 8 5
=1 ] Rock fragmants -] 1 10 F- 16 5
1 Mica T — 2 — 2 T
4 ~A Clay a7 5 19 — 35 17
E ﬁ Volcanic glass - r= - T —_ 1
fv lansl # | Calcite/dolomite 2 2 1 - -_— 2
T Accessory minerals 1 _— 2 5 -_— -_
I Qj Pyrite 1 2 3 1 5 10
1™ Phosphate/apatite T 2 = = = =
- Glauconite - T - ~ - —
5 1V * |  Homblende - - = 2 2 —
1- / Foraminifers 10 5 - — - =
vy Nannolossils 2 - — -_ - ==
|~ I Distoms 30 80 5 2 2 10
1™ - 63 7.64
O D M
T
+ E TEXTURE:
4
3 F Sand — 100
— At * | sin 25 -
6 1~ F /i Clay 75 —
2 I~ Vi
5 # il 1 4 COMPOSITION:
2 3 E 4
il 1™ - Quartz 1 42
@ + E Feldspar — 18
2 1~ Fock fragments = 30
) s~ = / Clay 75 -
= ~rt -(Z Volcanic glass 1 2
B - y minerals 1 —
7 K B, S I Pyrita 2 -
¢ = VOID Homblende — 8
ol [l o - fses| 5 | Diatoms 20 -
* | ¥ *

L89 HLIS



ov8

SITE 687 HOLE A CORE 3H CORED INTERVAL 323.8-333.3 mbsl; 17.0-26.5 mbsf B87A-3H 1 2 3 4 5 6 7
BIOSTRAT . ZONE/ A
= | FossiL CHARACTER | 8 Ble
B = ele 2|&
o @ - ]
x |[E]2|2 e w2
i = GRAPHIC o
§ & @ i " g g|E . Rprima ; E LITHOLOGIC DESCRIPTION
L1182 3 2| .|el=2]| 8 Sle| 38
5 - =z - - - Ld 3 - s e | - a
2 |z|Z|8|a ezl & zlal|z
~lE2|z|a|a T|E|5|8| = HEIE
‘ DIATOMACEQUS MUD, SAND, DOLOMITIZED{?) PHOSPHORITE NODULES,
DIATOMACEQUS MUD, PHOSPHATIC SAND, SILT. and SILTY SAND
Magor lithology: Section 1, 0-15 and 76—150 cm: diatomacecus mud, olive gray {5Y
- 4/2) and dark olive gray (5Y 3/2) with black (5Y 2.52) intervals, bioturbated. Small
1 friable phosphates at 103 cm, yeliow brown (10 YA 5/6). 15-76 cm: sand, very dark
gray (N 4); and 73-76 cm: dolomitized{?) phosphariie nodules, dark brawn (10 YR I
33)
Section 2, 0-99 cm: dialomaceous mud, olive gray (5Y 3/2) and dark ofive gray (5Y
4/2) with olive {5Y 5/4) laminaa rich in dialoms, laminated: 99-104 cm: dark clive gray
i (5Y 3/2), with yeliow brown fish debris and dark olive gray dolomite nodules; and
L 104-150 cm: diatomaceous mud, dark ofive gray (5Y 3/2), with laint olive gray (5Y
I__: __} 4/2) laminae betwean 127 and 150 cm.
f: : Section 3, 0-45 and 77-100 cm: dialomaceous mud, dark olive gray (5GY 32},
r:-é —1 coarsely laminated; 45-77 cm: sand and silt, dark olive (SY 3/3) with phosphate
™ 2 — nodules and large shedl fragments; and 100-150 em: sand and silt, gray (5Y 373} and
—] dark greenish gray, bicturbated,
lenel Section 4, 0—150 cm: sand and sift, gray (N 5/, N 6/) and greenish gray (SGY 4/2), .
I‘ Graded beds (base) at 37, 80, 20, 101, 108, and 138 cm; 43-63 cm void
- Section 5, 0150 cm: sand and silty sand, gray (N 5/ and dark greenish gray. Graded l
1 beds (base) at 45, 50, 74-78, 85, and 90 cm.
Section B, 0-150 cm, Section 7, 0-61, and CC, 0-11 cm: fine sand, gray (N 5/1). I
*
3 D] * | smean suDE summARY (%) l
1,62 3,54 3,88 552 555
_/,Z » M D D o l
L)
TEXTURE
= Sand 8 100 — 85 55 I
q Silt 15 - 67 -] 30
=2 Clay — - 33 - 15
[+
L.i" COMPOSITION:
s 4 Quartz 50 20 15 30 3
o Feldspar 3 15 0 25 5
Rock fragmeants 20 10 5 — 9
Mica 1 — L] 1 1
Clay - —_ 30 — 15
Volcanic glass — — -_ - 3
Calcite/dolomite - — — 10 -
Accessory minerals 3 3 _ 3 —
Pyrite 15 = 2 20 8
Homblende ] — T 10 -
Phosphate - 15 — - -
Glauconite — L - 1 —
5 Micrite = = - - 20
Opaques — - a —_ -
Green amphibole — 2 - —— e
Diatoms T — B -_ 4
Fish remains — 35 — — -
c
o
A I
o
L]
z 2
c =
o =3
A~
§ : ‘} I
a |
* * | (o] %]
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SITE 687 HOLE A CORE 4H CORED INTERVAL 333.0-342.8 mbsl; 26.5-36.0 mbsf B87A-4H 1 2 3 4 5 6 7

BIOSTRAT . ZONE/ iy .
= | FOSSIL CHARACTER | , | w !g‘ @
AnEnERHE HE '
LRI CRAPHIC 5|8 l l I
g8z, g glE|, uTHoLoer | @ § - LITHOLOGIC DESCRIPTION
o 2181213 [2].12]12]8 HEE .
5 =l e Wlw| 3| = w =1 7
Z|S|5|2]= AEIEA A
Lo L™ x (-3 a a a o u g S H ]
—~ O SAND, DOLOMITIC DIATOMACEQUS MUD, DIATOMACEQUS MUD, MUD, I I l
:‘-”1 ‘| P2 * | QUARTZO-FELDSPATHIC-LITHIC SAND, and SILT
o ,5—.~—’ Major lithology: Section 1, 0-11 cm: sand, very dark gray (5Y 3/2) with phosphatic l
1 9 clasts; 11150 em: dolomitic diatomaceous mud, ofive gray (5Y 5/2), predominantly
1 h v bioturbated, lamination al 87-87 cm. Graded sand beds at 31, 79, and 142 cm (base).
i 0':‘1.: - Section 2, 0-150 cm: diatomacecus mud, olive gray [5Y 52, mainly bioturbaled, l l l
1 ™ laminae at 19-24 cm. Greenish gray sand and mud beds, graded beds at 9, 46, 66,
1- 68 79, and 128 cm (base). Defarmed gray sand beds between 111 and 120 cm I l l
1Y = Section 3, 0-150 cm: mud, olive gray (5Y 52), cab . quartz-lithic,
]J ) [ with greenish gray (5GY 5/1) sand and mud. Graded beds at 2, 10, 31, 41, 57, 80,
fy — 86, 97, 117, 126, 128, 134, 138, and 146 cm. Thick sand bed al 33-41 cm shows
3 Gpioppuige cross-lamination
Fss Section 4, 0-150 cm: mud, oiive gray (5Y 5:2), interbedded with greenish gray (SGY I I l
2 1 5/1) sand and mud. Graded beds at 3, 43, 51, 92, 104, 126, 137, and 147 cm. Thick
17 sandy bed at 126—138 cm shows convoluted basal section, overiain by undisturbed
gl 4 paraliel lamination.
1- Section 5, 0—150 cm: quanzo-feldspathic-lithic sand and silt, very dark gray (5Y 3/1)
1+ to dark gray (5Y 4/1). Graded beds at 3, 7, 16, 18, 24, 36, 40, 47, and 72 cm l
o
1+ Section 6, 0—150 cm, Section 7, 0-60 cm, and CC, 826 cm: quartzo-leldspathic-lithic
g sand, very dark gray (5Y 3/1), with pleces of greenish gray (SGY 5/1) diatom-bearing
T4 dolomnitic sitt. CC, 0-8 em: void,
al 3T SMEAR SLIDE SUMMARY (%) l l I
-4 ™
i ol I 1,22 1,40 1,110 3,34 3,41 4,64
a1 M D M M M D . l .
-
1 TEXTURE:
= Sand 60 10 5 10 &0 5 l l l
13 sl 30 50 S0 50 30 80
1 Clay 10 4 45 40 10 15 l l .
-
o _-I-f - COMPOSITION:
R -~
» @ Sd 4| [ Quartz % 15 5 12 23 2 l l I
5 @ |-@ 14 Feldspar 12 5 5 5 10 15
z £l'g 1| Rock fragments 35 5 T 15 3 10
‘> - Mica 2 T — — 3 -
o 2le 94~
ul = 17 Clay 5 15 10 20 5 5
= o ] Voicanic 3 — - 3 - -
o E Calcite/doiomite 5 15 35 15 5 30
= . Accessory minerals
1 Pyrite 3 10 5 12 10 5
4 Glauconita —_ - — T - —
. Micrite 5 - — 10 5 -
—_| Homblenda 5 = T T 2 -
5 Foraminilers — - 5 =il = 10
o) Diatoms 2 35 35 5 T 5
1 | Sponge spicules R - — 1 - _
- Fish remaing - - = z - = l I .
6 ]
o ]
c 4
S -
X ] I B |
8 ]
2 B
s -
o |o|d :
w| |o|e ce| 1 l I
.| i l
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SITE 687 HOLE A CORE 5H CORED INTERVAL 342.8-352.3 mbsl; 36.0-45.5 mbsf
BIOSTRAT . ZONE/ a
= |rossiL cuanacrer |, | gla
HARD Els HE
AR E u GRAPHIC HE
§ £ § z, E % i x| Lithooer | @ ?_ . LITHOLOGIC DESCRIPTION
AHHEHEEHHBHE U
3 |z|E|l5]% s(ElE|s] & 2lals
FlElzla]|a 2|58 8 HEIE]
QUARTZO-FELDSPATHIC-LITHIC SAND, DIATOMACEOQUS MUD, MUD,
] DIATOMACEOQUS DOLOMITIC SILT, SAND, and SILT
os— ™~ ] Major lithology: Secton 1, 0-22 cm: quartzo-leldspathic-lithic sand, very dark gray
=S {N 3, graded; 22-34 cm: dialomaceous mud, dark brown (2.5Y 2/2), with black
1 b s PR te nodules at base in sandy silt 1o clay graded bed; 34-150 cm: mud, gray
Pl S green (5GY 4.5/1) and olive gray (5Y 4/2) with quartzo- ic-Hith
o~ ==~ sand. Graded beds at 55, 64, 93, 97, 110, 136, and 147 cm
4 -
1 Y i Section 2, 0-150 cm; diatomaceous mud, olive (5Y 5/1) to dusky green (10Y 3:2),
s M| et interbedded with gray (N 5/) sand. Graded beds at 27, 40, 59, 73, 76, 121, 143, and
. ey 145 cm. Locally minor bicturbation
===
w| = 1+ [T "7 Section 3, 0-150 cm: dialomaceous mud, olive (5Y 5/1) to dusky green (10Y 3/2),
2 3“‘ 1-A" Interbedded with gray (N 4/) sand. Graded beds at 40, 54, and 140 cm. Probable
<29 - slumg fold at 46-52 em; 105-110 cm void
=2 =t -
5 E‘;q 2 1 |=== Section 4, 0-150 cm: diatomaceous mud, olive (5Y 5/1) 10 dusky green (10Y 3:2),
] ST imevbedded with gray (N 4/) sand and dolomific silt, thin bedding to mettled. Graded
= =y = e beds at 56, 74, 87, 93, 102, 104, 110, 114, 129, and 143 cm
- L. —. =
iy T —— Section 5, 0-150 cm: diatomaceous dolomitic silt, olive (5Y 4/3), inerbedded with
b: oW il dark gray (SY 4/1) sand. Graded beds at 9, 35, 45, 50, 69, 92, 142, and 148 cm.
L
i S REpEe Section 8, 0—150 cm: dolomitic diatomaceous sill, olive (SY 4/30), interbedded with
EZ (e e gray (5Y 5/1) sand. Graded beds at 66, B0, 97, 102, 113, and 125 cm, Gray (5Y 5/1)
13- [—— dolomicrite at 46-54 cm,
A M- Section 7, 0~40 cm: diatomaceous silt (0-13 cm), olive (5 4/3) and gray (5Y 5/1)
3 + - sand and mud. Graded beds at 20 and 40 cm.
o
— CC, 0-12 em: sand and silt, olive {5Y 4/3) and dark olive gray (5Y 3/2), massive.
o
- +- SMEAR SLIDE SUMMARY (%)
:4 1] e ue 1,32 1,37 2,57 297 36 3114
‘zl ] [ ] o] M [s] D M D
& iy ]
w 1= TEXTURE:
- =~
< i 1 “ Sand 100 — 50 20 — 5
= 4 = o) Sitt — 0 30 55 85 75
o =4~ Clay L 70 20 25 15 20
o COMPOSITION:
1~ Quartz 15 2 35 15 2 5
S+ == F r 1 2 20 10 2 10
.* ] PR jnes Rock fragments 5 1 20 10 1 -
P == — — T -_— - —
2 BV afdencient ‘ Clay = - - 15 8 -
2 I Eapasnri weel | Volcanic glass - = - - — T
g (9 ey 7] Calcite/dolomile 1 70 — 5 2 55
5 :r R — .{ A Accessory minerals
n i =y Pyrite — 5 10 10 - 5
i o EDUSSROENY “ Phosphate 40 - 5 15 - L
=t |'— =" |ewsl Homblende 4 — 1 = = ==
o T Foraminifers - - 4 = - T
£ I L Nannofossils - = - = B ==
- 1-A" Dialoms — 20 5 20 85 25
=] - Fish remains 25 - - - - T
- ~ L
o o T
= 1 o] %36 6, 52
2 .= —— TEXTURE
= S G »
= ~N D |7 brirdate Sand 5 20
5 ool Bty o Silt 60 50
= g J=] {1 | ow ® 2
o 5 T ==
] 2 a W] Eoybe gy jf COMPOSITION:
o =] m R E—
-
= o 3 B o, %ﬂz 20 15
£ ; - 'a— spar 15 10
c m|a, 7 _—— Rock fragments 15 6
. ety Mica L -_
* *|» L b Bl S o5 ﬁ Ci il i as 43
Accessory minerals
Pryrite 5 5
Glauconite — 2
Diatoms 10 20
Sponge spicules — T

1
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SITE 687 HOLE A  CORE 6H CORED INTERVAL 352.3-361.8 mbsl; 45.5-55.0 mbsf
BIOSTRAT, ZONE/
= | Fossic chamacren | , | & 5w
3 gE 2|g
S g ! E ; a. GRAPHIC H E
o al= z > b a
g Lé glal ] E & LI THOLDEY s g o LITHOLOGIC DESCRIPTION
NEIRFIEE 2| . |als| e K
¥l=|z el wlo|l3|=]| w 3] 18
e|lz|a|x 2|l =lwl|eo - Zlal3
z|s|5|2|= HEAEAE IR zl@|=
™ | o o a | o = a|w @
1 MUD, SAND, PHOSPHATE SAND. SILT. ASH, DIATOMACEOUS MUD, and
_}. # | DIATOM-BEARING SILT
® 0.5 =l / Major lithology: Section 1. 0-150 cm: mud, olive gray (5Y 4/1) and dark olive gray (5Y
o by & of EEE B LI 3/2), quartz-lithic and calcareous. Laminated above 118 cm, bioturbated below.
- 1 B B PREEe— — Greenish gray (SGY 5/1) sand inlerbedded. Graded beds at 53, 82, B6, and 118 cm
-] 4 |=== — Phosphate sand al base of graded sands.
= 1.0 =y
?:e 3 T ® Section 2, 0-94 and 97-150 cm: mud and sand, olive gray (5Y 4/2), bioturbated.
:J\ R Ll - graded beds at 90 and 142 cm; and 94-97 cm: phosphate sand, black (N 4/),
] ______- t‘ Bection 3, 0-150 cm: mud, olive gray (5Y 4/2) to dark olive gray (5Y 3/2), bioturbated
A above 88 cm, laminated below. Greenish gray (5YG 6/1) sand interbedded. Graded
i 77 e t‘ bads al 3, 18, 22, 33, 38, 48, 54, B7, 138, and 147 cm.
:‘: “_____q Section 4, 0-10 cm: sand and sil, greenish gray (5YG 5/1), graded beds at 6 and
E e 10 cm; 10-18 cm: ash, white and light gray, two beds (10-16 and 16-18 cm); and
2 - B 18-150 cm: diatomaceous mud, dark olive gray (5Y 3/2) with while ash palches,
P highiy deformed,
) N T T =
F o o il Section 5, 0-94 cm, and Section 6, 42-150 cm; dialomaceous mud, dark olive gray
i St / (5Y 3'2) with white patches of ash, highly deformed.
k6 i ! CC, 0-22 cm: diatomaceous mud, olive gray (5Y 4/2), bioturbated; and 22-58 cm
i ) kel e -_-7-_ ok by g silt and mud, olive gray (5Y 52)
o 3 /) SMEAR SLIDE SUMMARY (%):
b =
m 1.29 1,136 4,18
B Rl B o M
. 4
=< ]
L] ] TEXTURE:
] Sand 10 15 60
E - Silt 65 40 30
& 1 Clay 25 45 15
=
o COMPOSITION:
i 4
: | Cuartz 15 10 2
=] - Feldspar 15 5 T
=1 4 Rock fragments 5 12 2
o 1 Clay 15 25 1
E b Volcanic glass - T 85
g!__ J Calcite/dolomite 10 10 =
5 4 Dolomite - 2 =
= - Accessory minerals
= < Tite 10 5 i—
4 Glauconite T - —
4 Micrite - 15 =
4 Hombilende L - -
- Foraminilers 10 -— -
7 Diatoms 20 18 _—
5 ] Sponge spicules - - T
Fish remains — T -
7 voID
- 4
S %
~ 6 ]
o~ 4
w 4
>
- 2 ]
o 9 2
= = ]
o S ]
o . ]
=
3| | |a A 4 i
* * <

B87A-6H

1
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SITE 687 HOLE A CORE 77X CORED INTERVAL 361.8-371.3 mbsl; 55.0-64.5 mbsf
BIOSTRAT. ZONE/ - 2
L | FoSSIL CMARACTER | ,, | W 2l=
E 4 HE
x| & 312 g E GRAPHIC HH
o |Ela|l= z Hi a|u
g ; gz, g E E - CiTHALEY a2l . LITHOLOGIC DESCRIPTION
' slsl213 2|l |»|la]| & 2la|u
A EHHHEREIBHEE: IHE
FlE|2|2|a |E|5|8] 3 AR
- * | DIATOM-FORAMINIFER-BEARING MUD, DOLOMICRITE, SANDY MUD, and
. | H DOLOMITIC DIATOMACEOUS MUD
0 5; i Section 1, 0-150 cm: diat bearing mud and . dark olive gray
=4 ‘u (5Y 3/2) 1o olive (5Y 4/4), bioturbaled or laminated (96—113 cm),
1 -
7 * Section 2, 0-51 cm: sandy mud, black (5Y 2.5/2) 1o very dark olive gray (5Y 320,
b 1.0 _— bioturbated above 30 cm, laminated below. Black (5Y 2.5/1) to very dark gray sand
:,.. o =_— with phosphate nodules interbedded (22-28 cm)
. - k3
7’" 1 u CC. 0-25 cm: dolomitic diatomaceous mud, dark olive gray (5Y 3/2) to black (5Y
?-;‘ 2.5/2), laminated. Quartz-teldspar-ithic sand at 17-25 cm, graded
™ -
- *
§ 2 ] @ * SMEAR SLIDE SUMMARY (%)
3 7 .’J 1.1 1. 87 1,120 217 227 CC. 20
= . — M M o [+] M (]
* * 2 = —
o ® cq TEXTURE
o ] *
E ~ Sand 5 — 15 25 ] 70
= -— Silt 80 10 85 45 5 30
= g Ciay 15 30 30 80 -
4
w 3 COMPOSITION:
- 2
< = Quartz 20 5 10 10 5 30
a £ Foldspar 35 3 10 10 i 25
. Rock fragments 15 2 5 5 T 35
o Mica T - — = -— -—
= Clay - - 25 25 = —
Volcanic glass T — - — — T
L] Calcite/dolomite 30 8s 20 15 5 2
2 Accessory minerals
S Pyrite - - a 5 — 2
5 Phosphate peloids - 10 _ — =
S Phosphale | T 10 2 —
Apatite —_ - _ — 85 =
Q: Homblende — T T 2 - 5
Pyroxens - T -_ -_ - 1
Foraminifers T 10 0 — -
Nannolossils — T -_ - -_ -
Diatoms — 5 7 8 - -_
Sponge spicules — -_— - L — —
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SITE 687 HOLE A CORE 8X CORED INTERVAL 371.3-380.8 mbsl; 64.5-74.0 mbsf
BIOSTRAT. ZONE/ :
- 2 2
z FOSSIL CHARACTER g f;n'. H E
E 2| % @ "3' GRAPHIC 2%
- > a
g 3 E E g E1El» LITHOLOGY 2 Fg_g i LITHOLOGIC DESCRIPTION
AHEEHEBHHEEE: A
A HHHHBEHHEE: HAE
CR I |E|5(8| % A
E ™ - ICC] | # | DIATOMACEQUS MUD and LITHIC SAND
g o @ thology: CC, 0-24 cm: di mud (at 03 cm), olive gray (5Y 4/2),
T and dark gray (5Y 4/1) lithic sand, with shell fragments at 16 cm.
w
: SMEAR SLIDE SUMMARY (%):
>
CC, 10
& D
TEXTURE
Sand B0
Silt 20
COMPOSITION
Cruartz 30
Feldspar 18
Rock fragmants 30
Volcanic glass 2
Accessory minerals
Pyrite 5
Micrite 10
Homblende 5
Pyroxene ™
SITE 687 HOLE A CORE 9X CORED INTERVAL 380.8-3990.3 mbsl; 74 .0-83.5 mbsf
BIOSTRAT. ZONE/ - v
| FossiL cHaRAcTER | , | W E @
HAAE HE HE
5 lela|l= GRAPHIC 5|8
§ = § z 2 § E E 2| W LiTHoLoGY | & ? a SO SRR TN
= - w =
2 F-] 1212 ] = w
A HHEHHBEEHEE: EINE
~l8|2|2|a |E|5|%| % HEAE
- : ROCK FRAGMENTS
o
Lot P S Major lithology: four rock fragments; black, hard phosphate nodule, fine-grained
t.t: I ~ sandstone, dolomitic siltstone, and cemented silty sand, in GC.
=]
Z |c :
x| 3 SMEAR SLIDE SUMMARY (%):
L,f ° 5 CC,0 CC,0 CC.0 CC.0
a s D D o D
= s 3
o |2 i TEXTURE:
% Sand 20 - 30 15
Sint 10 50 50 85
Clay 70 20 -
COMPOSITION
Quartz 10 20 30 35
Faldspar 10 15 20 25
Rock fragments 5 0 20 20
Mica - -_ 2 -_
Calcita/dolomite 75 50 5 —
Accessory minerals — — 5 —
Pyrite — 5 s —
Foraminifers - - 5 10
Diatoms —_ - 5 5
Sponge spicules -_ - 3 5
Fish remains -_ - 5 -

CC
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SITE 687 HOLE A CORE 10X CORED INTERVAL 390.3-399.8 mbsl; B3.5-93.0 mbsf
BIOSTRAT. ZONE/ .
£ | Fossi chanacten 2 2w
] s gl S|u
X 5 2 g E § GRAPHIC 2 E
§ HEIE SlE|E|, LITHOLOGT | o | 2| w LITHOLOGIC DESCRIPTION
- |518|3]E] |30 e 25|48
YHEIHEHREE HEE HAE
I 2|Z|3|a] & 2|83
» * lcc # | LITHIC SILTY SAND
@
&- S 3 Major lithology: lithic silty sand, geay (SY 4/1), CC, 0-32 cm
@
z 2 sl SMEAR SLIDE SUMMARY (%):
4
uw | § 3 1,14
s|° 3 2
3 le s TEXTURE:
2|5 ° :
c
* Sand &0
a Silt 40
COMPOSITION:
Quartz 40
Feidspar 18
FRock fragments 20
Mica T
Volcanic glass 2
Accessory minerals
i 5
Glauconite T
Micrite 10
Homblende 5
Rutile T
Olivine T
Foraminifers T
SITE 687 HOLE A CORE 11X CORED INTERVAL 399.8-409.3 mbsl; 93.0-102.5 mbsf
BIOSTRAT. ZONE/ J
= |FossiL cuamacren| | S I
5 mlela E = E -3
“Eii Eg, GRAPHIC E'g
§ HEIEN Slglx|, vimnoosr ol 2| w LITHOLOGIC DESCRIPTION
NEI IR Bl.|1213| & Zle|Y
I HHHEHBEHHHE g8
~le|l2|2]|5 HEAEIEIE HEL
- » CC] 4 - DOLOMITIC, PHOSPHATIC, LITHIC SILTY SAND
m
o Major ithology: dolomitic, phosphatic, lithic silty sand, gray (5Y 4/1, 51, &1}, CC,
® 0-19 cm.
o
o~ g SMEAR SLIDE SUMMARY (%):
o
= CC.8 CC, 14
i o M
(=
g TEXTURE:
Sand 80 25
Sint 10 40
Clay 10 35
COMPOSITION:
Quartz 25 20
Fekdspar 15 15
Rock ragments 15 15
Mica - 3
Calcite/dolomite 10 30
Accessory minerals
Pyrile - 5
Phasphate peloids 30 -
Homblende 5 2
Diatoms — 5
Sponge spicules — 5

687A-10X

145—
50—

CcC

B87A-11X

cC
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SITE 687 HOLE A CORE 12X CORED INTERVAL 409.3-418.8 mbsl; 102.5-112.0 mbsf
BIOSTRAT. ZONE/ - .
£ | FossiL cHARACTER | , | W 2w
5 T=Ts elE 2|8
w |[ElZ2]|Z " =15
w - g GRAPHIC ale
E ; § i » E g E [ LITHOLOEY e ;=. ® LITHOLOGIC DESCRIPTION
v |35 2|3 2| -|2|2| & -
S HEHBEHHEE 348
Fl2|2|E|a Z|E(5|8) % HEI R
MICRITIC SILT and LITHIC SILTY SAND
Major lithology: Section 1, 0-150 cm: micritic silt, gray (5Y 5/1), coarsely bedded with
bioturbation. Graded beds at 48, 70, and 140 cm. Shell layers at 87, 104, and
143.5 cm. Section 2, 0—16 cm: lithic silty sand, gray (5Y 5/1) with gastropod shalis al
16 cm, Graded bed at 13 cm. CC, 6-16 cm: lithic silty sand, gray (5Y 5/1).
E SMEAR SLIDE SUMMARY (%):
; 1.88 1,120
o 8] M
w
: - - TEXTURE:
S |e @ Sand 0
ez £ S 20
o N Clay 10 50
[ = —
g‘ g COMPOSITION:
o m Quartz 30 10
c ;‘ Faldspar 25 10
=] - Rock fragments 15 5
c L] Mica _ T
E [« - 10
. Volcanic glass 5 45
@ minerals
e Homi 4 =
Amphibole - T
‘g Micrite 20 -_
= Foraminifers T —
= Diatoms - 15
3 Sponge spicules 1 5
R
a

B687A-12X

 §
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SITE 687 HOLE A CORE 13X CORED INTERVAL 418.8-428.3 mbsl; 112.0-121.5 mbsf 687A-13X 1 2 3 4 5 6 7
BIOSTRAT . ZONE/ e . |
t | rossic cHARACTER | | W Elm
z 8l HE
PAHEE i § GRAPHIC 2 E
Wlm|= S| > it
§ & § £l |8 Elg|, | wmoosr |g H @ LITHOLOGIC DESCRIPTION s
Dl sl |2]2]| = Slel 3
AHEHHEBREIHHEE: HME
= o|l=|=|2 a ||z w st W=
Fle|lZz|la|B ala|G|m| ¥ HEIE
Jii ] | I SILTY MUD, MUD, and DIATOMACEOUS MUD
1 Yoo Major lithology: Section 1, D150 cm: sifty mud, olive gray (5¥ 4/2), massive to
o_’_v o | bioturbated. Shell hash at 144—150 em. Section 2, 0-150 cm: mud, olive gray (5Y
= s B St 4/20), bioturbated. Shelly hash to 54 cm. Greenish gray (5GY 4/1) silty beds at
1 o~ Lo 368-46, 95-102, and 135-140 cm. Section 3, 0-150 cm: sifty mud, olve gray (5Y
1 YT[—.—. ‘ 5/2), laminated and bioturbated. Section 4, 0150 em: silty mud, olive gray (5Y 4/2),
1.0~ i massive 1o bioturbated with greenish gray (SGY 5/1) graded silt layer. Section 5,
4 ~T i 0-150 cm: mud, olive gray (5Y 5/2), bicturbated, interbedded with greenish yray (5GY
. 5/1) graded sitt and sand (base at 34, 82, 93, and 102 cm). Section 6, 0150 cm, and
17 - | Section 7, 0~16 cm: diatomaceocus mud, dark olive gray (5Y 32) with olive (5Y 473)
= Tt- @ dinlom-rich layers. Graded sand bed at 146-149 cm. CC, 0-16 cm: dialomacecus
4 - mud, dark olive gray (5Y 3/2), massive with collapsed sponges at 8 cm.
- N
o s ‘ SMEAR SLIDE SUMMARY (%)
-y 1 7T
e i * 1,22 247 3,2
?:,e 2 1 NT b o D —
™ Ik { TEXTURE:
L )- Sand 5 %0 25 =
4 T t Sitt 50 10 45
T » Clay 45 L 30
4 yT[.
}- ‘ COMPOSITION:
7 . *
_\:"‘r Quarz 5 15 8
= . ‘ Feldspar 5 15 6
3 1 NTl= - | Rock fragments 5 15 6
I 1 | cay s — 2 -
b [ 5 — Calcite/dolomite T L 2
T I Accessory minecals
= 1~ Pyrite 5 — 6
;‘x g 7] Phosphate peloids — 35 -
=z 1 - —— Amphibole — T i
o Lo Foraminiters — 20 25 s B
w 7 Diatoms 45 — 25
Lo v 1 qT}- Radiolarians T - —
< 3 - ] Sponge spicules — — 2
2 o — T Shicoflagellates b4 - - B
= . 4 T - T
I 4 NT -
L] T 5 l
o q T
o
<
=] 1T ‘
™~ hor
= b R l
oy
-é, 4 Tl S TL
c o 4
ha 5 1 ~rl—--— t
E T = —
3 1 9TE-
o -
g a1 T -5
o -
[ ~T
a o T =
0 4 T
et E qj I
- T o B -
g w ?; 6 - .
c 3 1 T
g‘ a_‘ —r B 3
o S 1 NT|.
& ° I 4 .
o . 1 NT}
c a 7 R
- c—
* * [C Tl =4 TL.._. —
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SITE 687 HOLE A CORE 14X CORED INTERVAL 428.3-437.8 mbsl; 121.5-131.0 mbsf
BIOSTRAT, ZONE/ = 3
£ | FossIL CHARACTER | , | w Elm
z e elE 28
% |8)32 g Glg GRAPHIC =z
HEIE = I ] LITHOLOGIC DESCRIPTION
§' E E E 2 g g E 5| LITHOLOGY ; E o
w|3(2/2|2| |&|s(2|E| & 3518
EHHEE FE|E|E| w HEE
" x © o o a o ] El o “w -
] e @ MUD, DIATOMACEOQUS MUD, SILT, SILTY MUD, DOLOMITIC MUD, and MUDSTONE
4 ] i) I Major lithology: Section 1, 0-150 cm: mud, greenish gray (5GY 4/1), bioturbated, with
o os— ||~ Li g partially di shells (single and paired).
g 0 [ ANt Section 2, 0-150 cm: diatomaceous mud, greenish gray (SGY 4/1), bioturbated,
=5 1 1 i s ol !* 4 abundant shell fragments, into beds at 81 and 122 cm.
?..s o [l | P Section 3, 0-150 cm: diatomaceocus mud and silt, greenish gray (SGY 4/1),
o bloturbated, abundant shalls, some paired. Section 4, 0-150 em: mud and silty mud,
b ! greenish gray (SGY 4/1) and dusky ofive gray (10Y 4/1), bioturbated, dolomitic. Shelly
] intervals at 25-70 cm. Bluish gray (10Y 4/1) mud at 15-16 and 75-79 cm. Section 5,
a1 t 0-41 cm: dolomitic mud, dusky olive green (5GY 4/20); silty mud, dark gray (2.5Y
4/0), 6-14 cm; dolomitic mud, dusky olive green (5GY 4/2), 14-43 em. CC, 0-6 cm:
mudstone, gray (2.5Y 5/0), non-calcareous; and 6-26 cm: mud, dark olive gray (5Y
1 32) to olive (5Y 4/3), dolomitic, faintly bedded 1o mottied.
il SMEAR SLIDE SUMMARY (%):
2 1l =--=-= 1.84 2,104 3101 4,98
] —_— D M D D
E 3 el * | rexture:
> g 1 i polsmonia Sand 20 10 20 a5
[+ 4 s Sl 60 50 45 25
< ~ o —— Clay 20 40 35 30
= b Ecpipy { Y
% 1 COMPOSITION
- =i
b g Quartz 25 10 15 20
> fa ? 3 3 ! Feldspar 15 15 15 15
L= = 1 Rock Iragmenis 10 5 7 10
" o ] t s — w2
P ] * | Clay 15 30 25 —
4 Volcanic glass - - - 5
b ' Calcite/dolomite - — * 20
N Accessory minefals
7 Pyrite 15 5 8 5
4 Phosphate peloids 5 — 5 10
E Amphiboie = - 2 1
1 Foraminifers 5 — 3 —
= Diatoms 5 35 20 10
g 4 ] Sponge spicules T _ - -
ols N Silicoflagellates - T T =
g N 1 Fish remains - — - 2
c|8|e B "
HEE ~ 1 t
£|8l5| | [53 ]
clo|le ‘g T
o ° = 2 1 || ikttt
alel . . 5 ™M t
clgla ralmale
m|S|e ]
*| %% ccl IWm-—-—- —

BA7A-14X 1 2 3 4
5—
10
5
20—
25—
30-
40—
45—
50
55—
60-
65—
70
15
80
85
90
95
100
105-
10
s
120
125
130
135
140
145
150

ccC
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SITE 687 HOLE A CORE 15X CORED INTERVAL 437 .8-447.3 mbslk; 131.0-140.5 mbsf 687A-16X €C
BIOSTRAT. ZONE/ - & =
-
g FOBSIL CHARACTER ; E § E 5
MHEE = E GRAPHIC z E -
w ®| = a
§ .E, § ?_. " g E E_ & . LITHOLOGY e g p LITHOLOGIC DESCRIPTION I O
[ AR ) ele Slw -
HEHHEREHHHHE EIE &
-~ |2|2|2]|5 FlE|E|8] % R | 5 -
g 4 SILTY MUD, SHELLY MUD, MUD, and FORAMINIFER-DIATOM MUD 5
G ] —
] g ? - Major lithology: Section 1, 0~78 cm: silty mud, dark olive gray (5Y 3/2) to olive mud, 2 0
A 0.5 mottled, faintly bedded. Dark reddish brown (5YR 3/3) phosphate nodule (soft). —
w R ’ Section 1, 78-150 em: shelly mud, dark clive gray (5Y 3/2) to black (5Y 2.5/2), L
= 1 -1 grading down inlo dolomitic mud with shell fragments. Section 2, 0-90 cm: mud, 2 5
o~ @ 1 dusky greenish gray (SGY 4/2) with shedly inlervals and dolomitic mud inferbeds -
@ \ 0_"‘-’ (ofive), locally burrowed. Dolomicrite at Section 2, 42-50 cm. CC, 0-29 cm:
% o 4 % foraminifer mud, dark olive gray (5Y 3/2). Dolomicrite fragments at CC, 24-29 cm 3 0 r
™A
[ 5 - 5 -
= @ ] SMEAR SLIDE SUMMARY (%)
2 = . E3 ® 35
= il = = 1,37 2,12 2,49 ;
- = - D D M
g SR I 40-
= 2] 3 TEXTURE:
< ™ ==
b - Sand 15 20 -_— f—
ot +. sit 40 55 10 4 5
. Clay 45 25 —
m o|= ccl -
* *|® DA e — e COMPOSITION: 5 0
Quartz 5 20 5
Feldspar 5 15 3 5 5 -
Rock fragments T 15 2
Clay 35 15 -
Calcite/dolomite - 10 80 6 0 .
Accessory minerals .
Pyrite 5 5 5
Foraminiers 20 5 -_ 6 5
Nannolossils 5 - — g’
Diatoms 25 15 5 ? 0
SITE 687 HOLE A CORE 16X CORED INTERVAL 447 .3-456.8 mbsl; 140.5-150.0 mbsf |
BIOSTRAT, ZONE/ = : 8 0 =
'_S'. FOSSIL CHARACTER | . | w = E -
o |- 2
= -
X E | E E § GRAPHIC H E 8 5
§ NEAE HEIE b -] LITHOLOGIC DESCRIPTION -
|8 = g | £ HEI LITHOLOGY gle @
" 3 o .l2lE == -
THHHHBEHAEHE: MK 90
Zls|=|=|%2 Flz|E|w| w HIFE -
w N a a a || e 3 L= @
H ccl 4 OI* | cementeo sanpstone 95 =
c
o Major lithalogy: cemented sandstone, angular gravel-sized fragments of gray (5Y 4/1) I O 0 —
(¥} and olive (5Y 5/4) dolomicrite limestona in CC, 0-13 cm. 3
0 SMEAR SLIDE SUMMARY (%): R—
2 00 105
@ W 2
M —
8 110 a
= TEXTURE: -
"i“ = Sit 20 | | 5 =
Lt:}] Clay 80 —
= COMPOSITION 120— >
a Calcite/dolomite 100 i
Pollen T | 2 5 - "

145: -
150— -

L89 dLIS



158

SITE 687 HOLE A CORE 17X CORED INTERVAL 456 .8~-466.3 mbsl; 150.0-159.5 mbsf BB7TA1TX

BIOSTRAT. ZONE! - .
% FOSSIL CHARACTER | , | w g o
v e &
s |E[2[2 1k s HE
3 |¥| 3|2 2|8 MR & LITHOLOGIC DESCRIPTION
s|lo2|& HEIE LITHOLOGY o|&|uw
L H A EE & Zla|w
b 138133 HRE R 3 £
= == wlw|=|~ at el B Y
2|8 g 2= - § ¥ § " & § 2
= le|lz|la]|a a o 3 a ]
CR — SAND, SILT, QUARTZO-FELDSPATHIC SAND, DOLOMITE MUD, SILTY MUD, and
1+ — MUD
- *
0.5+ Major lithology: Section 1, 0-150 cm: sand and sill, dark gray (5Y 4/1) to gray (5Y
Sm -‘- 311), faintly mottied 1o badded. Shell fragments al 80-85 cm and wood fragment at
1 9 103 cm. Section 2, 0-150 em: quartzo-feldspathic sand and dolomite mud, dark gray
1+ “ (5Y 410 to gray (5Y 3/1), faintly bedded with minor shell fragments, locally burrowe.
1 0 R - Graded beds in Section 2, 28, 55, and 85 cm, Section 3, 0-150 cm: silty mud, olive
A — = @ gray (SY 4/2) and greenish gray (5GY 5/1), bioturbated, shell fragments. Section 4,
1 bi==- == 0-150 cm: mud, olive gray (5Y 4/2), bioturbated with shells in place. Graded bed at
JH—r—— | Section 4, 38 cm, and dolomicrite bed at Section 4, 137 cm. Section 5, 0-150 cm!
------ H silty mud, dark olive gray (5Y 4/2), lami few bi str . Dolomite
R P ooy ] beds at Section 5, 27-29, 54, and 67-72 cm, and graded bed al Section 5, 136 em.
47T =" Section 6, 0-83 cm: sifty mud, olive gray (5Y 4/2) with rare laminations. Dolomites at
2 I Gl Section 6, 22-24 and 54~55 cm. CC. 0-30 cm: silty mud, dark olive gray (5 3.5:2),
I i R laminations, bioturbated.
od (2] 1 SMEAR SLIDE SUMMARY (3%):
" 1
- 1 1,34 1,103 3,67 5 42
- i o o D
=1 i | meauee
i b FRNETUA) Sand 70 - 50 25
|2 B et “ Silt 10 - 3B 4
b i T Clay 20 = 15 Y
ol I il ) COMPOSITION
-~ ] “ *| quenz v — 2 10
L Fi 20 — 20 5
w =] Rock fragments - - 5 5
b= ] 5 - 5 5
3 3 Clay 15 - — 20
o B Calcite/dolomite - - T 5
— t Accessory minerals
- 1 Amphibole 2 - 2 -
" - Phosphate peloids 10 - 15 -
¥ ] Glauconite g = = =
=Tt Pyrite 0 = 8 10
a 4| 7 i Foraminifers - - 5 2
E3 I Nannofossils - -_— = 20
- 1r jeen Diatoms 5 = 10 -
W o =1+ @ ‘Sponge spicules 1 = L —
= i'; 11 Wood fragment — 100 — -
N T e
2 £ 0 PR
o I+ (®)
=l - *
bt 5 - -+ !
S : O
o) SRSomhine I
2 4 |[= -
('_’ - wy :+ =
| ®™ -] H o
ol = g ST T ]
== —a - R T I
g‘ @ lel b BN gty
3| 5 i b A e
=] 6 .
o« —+
c|= ]
1= -
o |&|3 = ma
- LR ] CC e e
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SITE 687 HOLE A CORE 18X CORED INTERVAL 466.3-475.8 mbsl; 159.5-169.0 mbsf 6B7A-18X 1 2 [
BIOSTRAT. ZONE/ R
£ |Fossi chamactem | | G Ble
=]
HAEE z g. HE
wlal= GRAPHIC alu
§ 2 § HIR § g § . LiTHoLosY | g g n LITHOLOGIC DESCRIPTION
e 2| |22 & S|4
HHHHEREBHEE 3s|%
clel=l=]|z 2|z |z |w| w & || =
Y Ed o o LY a o w E o ] ]
o T “ CHATOM-FORAMINIFER-MUD
1 ~
I~ Major lithology: Section 1, 0-150 cm: diatom-foraminifer-mud, olive gray (5Y 4/2),
05 ~ bioturbated, with dolomite layers at 20-21 and 36-42 cm and some diatom-rich
T - layers, Section 2, 0-68 cm: dialom-foraminifer mud, olive gray (5Y 4/20) with olive
1 1 A (5Y 4/3) layers (diatom-rich). CC, 0=17 cm: diatom-loraminiter mud, olive gray (5Y
: .Or_tv “ 42)
:v‘ -“4 SMEAR SLIDE SUMMARY (%)
1 v ] 1,72 2,33
ga _'\r\ M
_:E " 1 _E & | TEXTURE
Fe 47 Sand 20 5
* LR ] T H I — Sl 35 30
o ole Clay a5 65
= e COMPOSITION
~N
o 2 - Quanz 10 L
w ol v Feldspar 5 T
E ol B Rock fragments 5 1
=] Ola Clay 35 10
o cle Violcanec glass — 2
4 o E Accessory minerals
& c Pyrita 5 5
= Micrite — 2
= Foraminifers 15 T
Nannolossils — 3
h=1 Diatoms 25 77
@
-
o
b
=
@
e
@
-
-
p
c
-
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SITE 687 HOLE A CORE 19X CORED INTERVAL 475.8-485.3 mbsl; 169.0-178.5 mbsf
BIOSTAAT. ZONE/ = 3
£ |FossiL cHARACTER | , | w gl
MAEE E|E HE
g |elg|z I srapic | & | 8 LITHOLOGIC DESCRIPTION
-4 i ‘? E g ; 4 G g - LITHOLOGY g E a
w 32|2)2 2lals|E| & ilelz
X2 || Z|a|« 2l=zlelel & ilel2
R EIEE S|E|5|%| % alw|w
1 8 DIATOM-FORAMINIFER MUD, LITHIC-FELDSPATHIC SAND, and DOLOMITE PIECES
] Major lithology: Section 1, 0-150 cm, and Section 2, 0-150 cm: diatom-foraminifer
0.5 I mud, dark gray (5Y 4/3), bioturbated, some laminae, dolomitic. Section 3, 0-150 cm:
E * diatom-foraminifer mud, olive gray (5Y 4/2), laminated and slightly bioturbated with
1 b gray (5BY 5/1) dolomitic-calcitic diatom mud intervals at 26-32, 7074, and
1 B4-891 em. Gray (5Y 510) lithic-leldspathic sand at Section 3, 135-137 and
1.0 146-150 cm. Section 4, 0-5 cm: lithic-feldspathic sand, gray (5Y 5/1); and 0-150 cm:
B diatom-foraminifer mud, olive gray (SY 4/2), laminated. Gray (58Y 5/1)
= dolomitic-calcitic dialom mud, massive, at Section 4, 22-29 cm. CC, 0-12 cm;
3 dolomite pieces, gray (5Y 5/1),
- SMEAR SLIDE SUMMARY (%)
. 1,60 2,50 328 461
- o M M o
ad |2 7 TEXTURE
o -} -
ate A Sand 10 10 5 20
T B Silt 45 40 35 40
?-;ﬂ R Clay 45 50 60 40
COMPOSITION:
2 ] Quartz 10 5 5 3
=] Feldspar 5 5 5 2
= Rock fragments 5 10 L 5
1 Clay 30 25 5 30
3 . Calcite/dolomite - 15 45 2
E Accessory minerals
i 10 - 10 5
= Dolomite rhombs. - - - T
- Foraminilers 10 5 - 10
3 - Nannofossils —_ - - 3
s l i Diatoms 30 5 30 40
~d E Sponge spicules - - - T
. 4 Siscoflageliates - - — T
=] e~ 4
. ]
s b o
-
olc 7
sl ]
- - | @ —
'
EHE ::' ]
Slels B
0| & €|5 .
- % rolw

BB7A-19X
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SITE 687 HOLE A CORE 20X CORED INTERVAL 485.3-494 .8 mbsl; 178.5-188.0 mbsf
BIOSTRAT, ZONE/ - z
t | FossiL cHARACTER |, | W g @
MAAE Els HE
Slulals $ crapuic |35
A EIEE § £lE|, I B P - LITHOLOGIC DESCRIBTION
il 3|z |8 |3 = e
AHHEHBEAHEE: il : |z
2|25 HEIEIEE HEE
E -‘8 ¥ 1 MuD and st
E | i
} iy : # | Major ithology: Section 1, 0—60 em: mud and silt, olive gray (5Y 4/20) with shell and
os— |- . | dolomite fragments. CC, 0-12 cm: silt, dark gray (5Y 4/1) with shell fragments
- | » :
of |02 (el N t SMEAR SLIDE SUMMARY (%}:
s 1.8 1,
= s
= TEXTURE:
k.
= Sand 20
-] Si 45 15
I
E Clay 35
COMPOSITION:
Quartz 15 40
Feldspar 5 a0
Rock fragments 5 10
Mica " 5
Clay 20 ~
Calcitar 3 -—
Accessory minerals
Pyrite 10 5
Amphibale 2 T
Phosphate peloids - 10
Glauconite - ™
Foraminifers 10 =
Diatoms 30 e
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SITE 687 HOLE A CORE 21X CORED INTERVAL 494 .8-504.3 mbsl; 188.0-197.5 mbsf 687A-21X 1 2 3 4 cc

BIOSTRAT. ZONE/ “ :
£ | FosSIL CHARACTER | , | w E @
HOAE HH HH
B ¥la GRAPHIC a2
g |5|2|z], S|E|E|, LiTHoLoGY | 2 | B | w LITHOLOGIC DESCRIPTION
SEEEIHEHMEEE HEF
w3 K Slals]|E]| & 31518
2 |818|al=( |3[E|¥|8|& HIEE
IR 2|E|5|8] = HEIE
T - MUD, SILTY MUD, CLAY-RICH MUD, and CLAY
T i Major lithology: Section 1, 0150 cm: mud and sitty mud, dark olive gray (5Y 3/2) and
0.5 greenish gray (10Y 4/2), calcareous and diatomaceous, with light greenish gray (10Y
+u4 5/2) laminae. Grading down into dark olive gray (5Y 3/2) foraminifer-bearing silt and
1 S » silty mud below Section 1, 32 em. Section 2, 0-150 cm: silty mud, dark olive gray (5Y
7 bt 2.5/2) 1o black (5Y 3/2), thin bedded to laminated, minor bioturbation. Dark gray (N 4/)
1_.0,_""' mud at Section 2, 110-118 cm. Section 3, 0150 cm: siity mud, dark greenish gray
- {10Y 4/1), laminated, locally burrowed. Section 4, 0-84 cm: clay-rich mud, black (5Y
-+ 2.5/20), massive, laintly bedded or laminated {olive diatomacecus mud). CC,
£ ] 0-30 cm: clay, black (5Y 2.5/2) with ofive (5Y 5/6) diatom mud laminae.
o
o 1~ :F SMEAR SLIDE SUMMARY (%):
™ :M 1,70 2,114 3,42 4,60
:__‘-:- ] S ] M D D
- a4 |2 7 —{ | TexTURE:
= o o -
w - = A Sand 5 = 3 =
= . 5 . B — * | Sit 40 70 40 40
u = r;“’ 4 —_— Clay 55 30 80 80
= -~ 2 ¥ COMPOSITION:
5 -
o g Quartz 5 39 10 5
b - .t. Faidspar 5 as 5 5
c . # | Rock fragments — 5 - —
o - .t Clay 35 - 40 70
- 3 J i Volcanic glass - - 5 w
. E Calcite/dolomite 20 10 2 -
= N Accossory minerals
= Pyrite 5 10 8 5
k-] 4 Phosphate — 1 - -
21 148 a - n Micrite — e = ¥
= cl|l® 4 9 Foraminifers 10 - 2 -
M |- 5 Nannofossils = — 1 —
2l |els T ] 6| | Distoms w T 2 15
2 et = - Radiolarians - - 4 —
il (=4 2 . 4 - 7" Pollen, sperm? — — 2 —
o = - — =
c w|o ]
2 clS s -
* *|* ccf -=
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& SITE 687 HOLE A CORE 22X CORED INTERVAL 504.3-513.8 mbsl; 197.5-207.0 mbsf
N BIOSTRAT, ZONE/ .
= | rossi cranacten | | 8 g ®
5 eale 4 8|3
3 |2
g £lalz ¥ % = SRAPHIC | 5| 4 LITHOLOGIC DESCRIPTION
|8 $le : szl o LiTHOLOGY | o | & @
. -4 - -
HHHEHRHAHEE I E
s = Fl HEHR HFE]
= l2|2|Z|a HEAEEIR S|lm|a
E QUARTZO-FELDSPATHIC-LITHIC SAND, and SANDY DIATOMACEQUS MUD
- *
] Major ithology: Section 1, 0—150 cm: quartzo-feldspathic-lithic sand, dark gray,
0.5 bioturbated, Dolomite piece at Section 1, 0-3 cm, Section 2, 0-150 cm
» quartz-leldspar-lithic sand, gray (5Y 5/1), bioturbated. Ofive gray (5Y 520 sandy
~ 1 E dolomite. Gray (5Y 5/1) cemented dolomitic sandsione. Section 3, 0-150 cm:
- ] quartz-feldspathic-lithic sand, dark gray (5Y 4/1), bioturbated, with kighter colorad
q= 1.0 laminae. Graded bed with phosphatic grains at 22 cm. CC, 0-28 cm: sandy
o5 m diatomaceous mud, olive gray (5Y 4/2), laminated, bicturbated
- o ]
‘g ?; 4 SMEAR SLIDE SUMMARY (%a);
i ] 1,23 2,130 3,19 3,84
[ ] oo o D M D D
- i
o ] TEXTURE:
w s g
z o 2 p “ Sand 20 80 25
o @ R Sif 10 5 20 35
<] g . “ Clay - 75 - 40
- = ] COMPOSITION
a 5 A *
o b Quartz 25 10 25 15
L% i “ Feldspar 25 5 25 10
— v B #* | Rock fragments 20 T 15 5
~ 3 [ Clay — g — a0
o ol o .
@ 0 b e Calcite/dolomite _ 75 - -
- - - 1 MEi=-S Accessory minerals
r 2 b 3 ™ p=— Pyrite 10 - 5 5
] ] . 4 b= 8 — 5 —
2 @ +r k== * | Phosphate peloids 5 10 20 -
i 5 = i & ey Foraminifers — - - 5
S |= 2 Hreemid s : = <= 3
i s 1 | —=— f P s = k]
g c bor | = —- Fish remains 5
8 1 5 B el 4 M
|| ®| » 1.1

B87A-22X
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SITE 687 HOLE B  CORE 1H CORED INTERVAL 306.8-312.0 mbsl; 0.0-5.2 mbsf 6878-1H 1 2 3 4 cc

BIOBTRAT . ZONE/ A -
= | FossiL cHaRACTER | ., | w gle
5 eT=Te 21g HE
w |Z| 2|2 Gl @ =
S (¥|als HE1E sske. 1212 LITHOLOGIC DESCRIPTION
a |z|2|& 2l=l= LITHOLOGY o|&|n
12154 a|*|a|8| @ ]
MHHEHHBHBEHHE: M
Z|lz|Z|= w | @ = -
12151512 |3|5|8|E]| & HFE
Fl2|Z|2|8 HEEEIR R
. - MUD and DIATOMACEOQUS MUD
: Major lthology: Section 1, 0—150 cm: mud, black (5Y 2.5/1) (very solt al 0-87 cm,
0.5~ more olive and bioturbated al 86-67 cm, silty below T8 cm); hard phosphate nodule at
~ 4 @ 64—66 cm. Section 2, 0—150 cm: mud, dark alive gray (5Y 320), laminated, Section 3,
1 . 0-141 em: mud, olive gray (5Y 372), laminated with individual laminae of olive diatom
] poze; siltier below 129 em; phosphate nodule at 137 cm. Section 4, 0-52 cm
_| dialomaceous mud, very dark gray (5Y 31), laminated. CC, 0-18 cm: mud, dark olive
-4 gray [5Y 1),
] SMEAR SLIDE SUMMARY (%)
e 1,16 3,140 4,10
=] D M D
= TEXTURE
E 2 b Sand 15 100 10
=T T Sile 30 - 55
= - Clay 55 — 35
[+ 4
w COMPOSITION:
= 1 Quartz a 2 3
a Feldspar 2 20 2
Rock fragments 5 10 5
Clay 50 -_ a5
Voicanic glass 2 - 3
Calcite/dolomite 3 -_ T
o 3 Accessory minerals
L - | Phosphate peloids 5 15 7
< L —] Pyrite 3 - 3
1~ 7 %ol Amphibole T 5 -
?..g“v‘: | Foraminifers T — T
e Y * | Nannolossils T — —
s GG AK“E i 20 — 42
2 =9 W s 3 = N
S ] —| * | Silicofiageliates T — —
=] 4 p — Fish remains — 25 -
m o 2
* * ICCl

CORE 112-687B-2H NO RECOVERY
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SITE 687 HOLE B CORE 3H CORED INTERVAL 321.5-331.0 mbsl; 14.7-24.2 mbsf
BIOSTRAT. ZONE/ 7
% FossiL cuamacten | | 8 2la
o)e 2=
» E - u E GRAPHIC H E
2 |il8lz slg|= et el - LITHOLOGIC DESCRIPTION d
2 lz12|%]g| |F|E|5]z] = g|g|a
EIEIEE HRHEHE R Sl@|4
f|2|2|5]% wig|ld3|5| & 2lals
CHHEIEIE d|a|5|8| 8 HEE
P < (8]
Oryve 0 Y O less CONGLOMERATE, SAND, MUD, DIATOMACEOQUS SAND AND MUD, and SILT
rt——0 Major lithology: Section 1, 0-21 cm: cong with by
os— N .| — dolomite pebbles and phosphate nodules in a muddy matrix, dark olive gray (5Y 32);
T — 21-35 cm: sand, gray (N &); 35-54 cm: mud, dark olive gray (Sy 3/2) with fish debris;
1 1~ 1 54-78 cm: mud, black (5Y 2.5/1) to dark olive gray (5Y 3/2); 78-79 cm: sandy bed,
. olive (SY 4/4), coarse grained. 79-85 cm: very finely laminated mud; 85-110 cm
1.0 - dialomaceous mud, black (5Y 2.51), moltled, slumps; and 110-150 cm:
4 dialomaceous mud, gray (SY 51) 1o black (5Y 2.5/2), laminaled, below 118 cm
:u‘\“ i . l
il oty B (T Section 2, 0—10 em: phosphate nodules, black and olive (5Y 4/4) sandstone pebble in
- B il a muddy matrix; and 10150 cm: mud, black (5Y 2.5:2), mainly massive, slumps at
T Q 29-32 and 84-100 cm, dewatering veins associated with minor normal faulting. l
o TN ——— . —t
o (g R — Section 3, 0-24 and 70-150 cm: dialomaceous mud and sand, black (5Y 2.5/1) and
o 5 g /‘? dark olive gray (SGY 4/1), y 129-143 cm),
ik 2 - [#1:) by dolomite and phosphate pebbles al 20-25 cm, phosphate pebbles batween 70 and
:“" = 52 cm, gray (N 6/) sand at 143-146 cm are assoctated with normal laults; and
yii / 24-70 cm: graded sand, dark gray (N 4.
S
- Section 4, 0-95 cm: diatomaceous silty mud, olive gray (5Y 4/2) and dark olive gray
I | /7 (5 3/2), laminated with olive laminations rich in dialoms, small fold nose at
] vl 40-43 cm, yellow brown (7.5YR 4/4) phosphatic debris al 78~79 cm; 95-100 em
K g% e * phosphorite nodules, black (SY 2.5/1) in dark olive gray (5Y 3/2) phosphalic sand
- I matrix, bicturbated erosional contact below; and 100-137 cm: dialomaceous mud,
:U dark olive gray (5Y 3/2), faint laminated. bioturbated
- Section 5, 0-32 and 51-102 cm: silty mud, dark olive gray (5Y 3/2), homogenecus 1o
3 o bicturbated; 32-42 cm: nodules, black (5Y 2.5/1), moidic porosity;
i (T) 42-51 cm: phosphatic sand and small nodules, dark olive gray (5Y 3/2) to black (5Y
i Vo LIL 2.5/1) al base, ional contact with ying mud; 102-124 cm: silty
B o mud, clive gray (5Y 4/2), mottled, bioturbated: and 124-150 cm: interlaminated silty I I l I
4 mud, olive gray (5Y 4/2), and line sand, dark clive gray (5Y 3/1)
1™ — Section 6, 0-9 cm: interlaminated sifty mud, olive gray (5Y 4/2), and fine sand, dark l I I
Ha 4 ] olive gray (5Y 3/1) (same as Section 5, 124-150 em); 8-18 cm: silty mud, gray (5Y - Al i
bk 4 _’,& 5/1) and olive gray (SY 5/2), interbeddad with sand al 15-16 cm; and 19-70 cm: l I l
v~ dor f———— laminated calcareous silty mud (ofive gray o gray) and fine sand (dark gray)
Ya :.! i ____"_' interbadded with dark gray fine sand (48-62 cm), olive gray silt (62-63 cm), and L_| i
o ?'; i B P, wodguen W finely laminated sitty mud and sand
S Wy ooy & - CC, 5-54 cm: sill, dark gray (5Y 411)
o« - I - i
b 22 —“u_"" SMEAR SLIDE SUMMARY (%): l l I
§ e G ?3.' 1,116 3.3 4.7 4,122 6,7 — -
o S| B KVE ] D D D M
= - - W
by TEXTURE: —_ —_—
! hy mkonni ‘ Sand - 85 10 — 15 . l I
1 BN Sitt 75 10 30 40 65 — s
s| 477 4 Clay 25 5 80 & 20 I l l
— - v — o
1 ] u COMPOSITION: = =
© T A
-4 1= Quanz 12 35 3 3 20
2 i 73 brilatdy Feldspar 8 2 5 3 15 ¥ 5
N 4 % s Rock fragments 3 15 2 2 5
n I——— Mica — a T — 3
> 2 i) ol oee 21 3 50 52 19
3 2 i Sy L =2 k= = = =
= 8l el 1 2 2 2 20 l l I
g - === Accessory minerals
P pr—— Pyrite 3 8 2 3 s % ==
- o] it Phosphate 17 2 3 3 - I l l
T '1- cd I Homblende - 5 - w 3
— Pyroxene - 2 — —_ - —_ —_—
1™ Glauconite - 3 — 2 2 l I l
Zircon - T — — -
Foraminifers - — T — - — -_—
Diatoms 35 = 30 15 8
Radiolarians - — — ™ —
Sponge spicules — - T — T = e
Siicoflagetiates T — - 15 —
Pellets — - 2 - —
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SITE

687 HOLE

B

CORE

4

H

CORED INTERVAL

331.0-340.5 mbsl; 24.2-33.7 mbsf

TIME- ROCE UNIT

BIOBTRAT., ZIONE/
FOSSIL CHARACTER

FORAMINIFERS
NANNOFOBSILS
RADIOLARIANS
DIATOMS

PALECMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

BECTION

GRAPHIC
LITHOLOGY

DRILLING DISTURS.

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

QUATERNARY

*B

« P. doliolus Zone

= [=]
? in METERS
sa gl aaglosgy

PP P .0, 5P, P L L

R FRUEY FRWE

RN E NS N

gl

1oy

T FEEE R

CC]

0000000000~

000000000000 000000000

FINE SAND, SILTY MUD. FINE-GRAINED SAND. and SILTY QUARTZO-FELDSPATHIC
SAND

Major lithology: Section 1, 0—150 cm: mud, ohvegfay[S\'Su?!.ogray[ms:}nm
dark gray (5Y 4/1) fine sand, crudely banded, bioturbated, with muddy intervals and
graded beds at 43, 47, 106, and 135 cm

Section 2, 0~115 cm: silty mud, crudely laminated olive gray (5Y 5/2) to gray (5Y 5/1)
and dark gray (5Y 4/1) fine sand, bicturbated with graded beds at 15, 19, 34, 57, 61,
69, and 90 cm; and 115—150 cm: fine-grained sand, very dark gray (N 4/), massive.

Sections 3 through 7. and CC: silty quartzo-| leidspam»c sand, dark gray (N 4/),
“ . wall-sorted, shghtly

SMEAR SLIDE SUMMARY (%):

1,104 1,105 1,105 1,106 4,77
M M M L]

TEXTURE:

Sand 10 15
Sint B0 75
Clay 30 10

538
| &
| &

COMPOSITION.

Quartz
Feldspar

Aock Iragments
Mica

Clay

Caicite/dolomite

Accessory minerals
Glauconite

Foraminiters
Nannolossils
Dialoms
Radiolarians
Sponge spicules
Bioclasts

lglolnl |l lodeel B8nadn
| S vl ol owl wnncB8
| ssmsgel | lolwnl cocBBE
ozl 1l lell]lla3l|aRE

. - e
allzslelsaallnlall |88
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SITE 687 HOLE B CORE 5H CORED INTERVAL 340.5-350.0 mbsl; 33.7-43.2 mbsf
BIOSTRAT. ZONE/ .
= | Fossic cuanacren | ,, | & 2| 3
5 [aT= 2|& 2|8
o E 2 g GlE GRAPHIC E E .
= x &
g |s g i g § g|E g| o | e[| LITHOLOGIC DESCRIPTION
[ i o - - o - ]
§ (5|2|512] (51¢813|5]| & e I
Fl2|z2|2|5 HEAE L A
:-\T MuD .
:“T z Maior lithology: Section 1, 0—150 em: mud, light greenish gray (G 7/1) and gray
51 “ (SGY 7/1) sand, burrowed. Sand is graded, with bases at 43, 50, 55, 65, 79, 103,
‘-"T 142, and 145 cm. Sandsione layers are cemanted by dolomite at 3-8 and 23-27 em.
1 R .
j Section 2, 0-150 cm: mud, greenish gray (5GY 5/1) and gray (SGY 7/1) sand,
I.O'-‘T i loesl bioturbated. Sand is graded, with bases at 13, 20, 25, 70, 73, 77, 90, 93, 100, 103,
E 118, 123, 137, 139, 143, and 150 cm
™t -
> ] i * Section 3, 0-54 cm: same as Section 2, with graded bases al 9, 40, 46, and 54 cm.
14
S shu =% | SMEAR SLIDE SUMMARY (%):
o o BN 1,101 1,138
o “3 a1 LI
< O ER i
= > 2 41} jass TEXTURE: ¥
D |o g L] T
= - e - Sand 20 10 l
= ] . e Sitt 75 50
] £ I~ t Ciay 5
o H
i H T~ COMPOSITION:
o : . i [sws
e S - Eay . Quartz 13
o c i I ] Feldspar 10 10
c =] Laxi T Aock fragments 7 5
* * 5| = \w| Mica 3 2
=9 Clay 2 28
Volcanic glass = 1
Calcite/dalomite 5 0
Accessory minerals
Pyrite 15 5
Hornblende 10 1
Glauconite 2 2 I
Micrite = 5
Foraminiters 5 3
Diatoms 1 14
Sponge spicules - 1
Silicollageliales — T
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SITE 687 HOLE B CORE 6H CORED INTERVAL 350.0-359.5 mbsl; 43.2-52.7 mbsf

BIOSTRAT. ZONE/
FOSSIL CHARACTER

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

TIME- ROCE UNIT
FORAMINIFERS
NANNOFOSSILS
RADI OL ARIANS
DIATOMS
PALEOMAGNETICS
PHYS. PROPERTIES
CHEMISTRY
BECTION

DRILLING DISTURB.
SED. STRUCTURES
SAMPLES

Y

FINE SAND, SILTY MUD, VITRIC TUFF (ASH), DIATOM-BEARING MICRITIC MUD,
MUD, DIATOMACEOUS MUD, PHOSPHATE NODULES, CALCAREQUS MUD, SILT
AND SILTY DIATOMACEOUS MUD, and PHOSPHATIC SAND

*

* Major lithology: Section 1, 0-12 cm: fine sand, dark gray (N 4/, and gray (5Y 5/1)

dolomitized sand (8-12 cm); 12-63 cm: silty mud, olive gray (5Y 52) and green gray
(5GY 5/1), coarsely banded with dark gray (N 5/ fine sand in graded beds to 8-cm
thick, and graded sand, finely laminated at 30-34 cm; 63-64 cm: white vitric tuff
{ash); and 64—150 cm: diatom-bearing micritic mud, olive gray (5Y 4/2), with
dolomitized zone at 67-69 cm, and interbedded fine-grained sand (75-86 cm), gray
silty mud (86-85 cm), and very dark gray silt (128-132 and 138-140 cm).

Section 2, 0-150 cm: mud, olive gray (5Y 5/2), with gray (5Y 4/2) silty mud and
crudely graded dark gray silt, bioturbated, and dolomitized gray (5Y 51) at 23-27 cm,
Graded silt bads at 70-74, 78-93, 94-86, 104-107, and 110-119 em.

Section 3, 0-75 cm: mud, olive gray (5Y 52) and gray (SY 5/1), banded, mattied and
bioturbated with very dark gray (N 4/) sand, graded (20-36 and 57-64 cm); and
75-150 cm: distomaceous mud, olive gray (5Y 52). faint lamination to bloturbation,
with ofive (5Y 5/4) laminae.

Section 4, 0-55 cm: dialomaceous mud, olive-gray (5Y 5:2), with gray (5Y 5/1) umy
intervals, bioturbated, and graded silt at 47-50 cm; 55-81 cm: dialomaceous mud,

olive gray (5Y 4/2), with lainl pale laminae and dewatering sn'uduras B1-86 cm:
phosphate nodules, black (N 4/), in very dark gray, phosphatic, terrigenous sand; and
B6-150 cm: calcareous mud, olive gray (5Y 572) to pale olive gray gray (5Y 62),
homogenaus 1o mottiad

—

++

0
&
*

Section 5, 0-58 and 65-136 cm: silt and silly diatomacecus mud, clive gray (5Y 5/1)
lo gray (5Y 4/2), coarse banding, mottled, calcarecus. Viery dark (5Y 4/1) sandy silt at
39-44 cm. Graded sandy silt bed with dewalaring structures at 115-124 cm. Section
5, 58-65 cm: phosphatic sand, black (N 3/), bioturbated into underfying mud,
erosional contact.

Section &, 0—80 and 105-125 cm: dialomaceous mud and sand, gray (5 5/1) to
* olive (5Y 4/1), with graded beds at 5, 10, 13, 20, 26, 32, 45, 53, 61, 109, 118, and
125 cm; and 60105 cm: dialomaceous mud, dark oive (5Y 3/3), foraminifer-bearing,
laminations, some bioturbation,

== tH [ $H H

Section 7, 0-53 cm: dialomaceous mud, dark olive (5Y 3/3), with blebs of white gray
{N 31} ash

1
|
|
|
0
H

QUATERNARY

CC, 2-13 em: diatomaceous mud, dark olive (5 3/3), with white bleb of ash at base,
SMEAR SLIDE SUMMARY (%):

36

1l

1, 1,64 3,33 3,146 4,85 4,111 554
M M D o] M D M

TEXTURE:

Sand
»| sn

831
whE
5438
888
a8
I

COMPOSITION:

| P

Quartz
Feidspar
Rock fragments

] Mica
3 b ) MR Clay
o 7 Volcanic glass

Calcite/dolomite
i o - ; Accessory minerals

15
15

S —f—H =0

s ~o

Pyrite
s Glauconite
————— Opaques
1ol Micrite
Tt Haomblende
p o ——— L) Pyroxene

k‘ﬁ Foraminifers
Diatoms
Radiolarians

pasalasaasl

& 538

Spange spicules
Silicollageliates
Fish remains

T T T O I (S [ [y Iy P
|l |l fu-Fowl el &6 owaBB
JT1l =3l amlwell <388
llalowl ol vwldeleonda

(N o I O O PR B -

11223l | 1 &l mel3| B ann
wd =933 | 3l wwlwl|Bnado

« P.doliolus [Mesocena quadranguial Zone undifferentiated

ol o s i

*B

CCl
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SITE 687 HOLE B CORE TH CORED INTERVAL 359.5-369.0 mbsl; 52.7-62.2 mbsf

BIOSTRAT. ZONE/
FOSSIL CHARACTER

GRAPHIC

LITHOLDGY LITHOLOGIC DESCRIPTION

TIME- ROCE UNIT
FORAMINIFERS
NANNOFOSSILS
RADIOL ARIANS
DIATOMS
PALEOMAGNETICS
PHYS. PROPERTIES
CHEMISTRY
SECTION
METERS
DRILLING DISTURE.
] == seo. stRucTuRES
SAMPLES

FORAMINIFER-BEARING DIATOMACEOUS MUD, DIATOMACEOQUS MUD, SAND, and
SILT

Major hthology: Section 1, 0-140 cm: foraminifer-beanng dialomaceous mud, olive
(5Y 5/4) to dark ofive gray (5Y 2/2), laminations, and phosphates at 75, 86, 105, 113,
and 121 em: Section 2, 0-12 cm: diatomaceous mud, dark olive gray (5Y 3/20);
Section 2, 12-150 cm: sand, dark gray (N 4/); Section 3, 0~150 cm: sand and silt,
dark gray [N 4/}, with dolomitic sandslone al 58-62 and 90-84 cm, Section 4,

0150 cm: sand, dark gray (N 4/), with dolomiltic sandstone at 74-79 cm; and Section
5. 0-150 . and Section 6, 0-88 cm: sand. dark gray (N 4/)

S o8N, 5 5,558

IW| SMEAR SLIDE SUMMARY (%)

IESE)

1,25 1,83 340
M D D

TEXTURE

P. dolioflus Zone#

Sand 60
Sin 25 30
Clay 1 75 0

& |

COMPOSITION

Quartz

Feldspar

Rock fragmenis
Mica

*

Clay

4

-

e

o

%

Bl e

5l Bruanmn
B8

S22 Accessory minerals
Pyrite
Collophane
Homblende
Micrite

Foraminilers

Diatoms

Radiolarians

Sponge spicules

Siicoflagellates

%)
s sl i egal g

1181111 =
Al lwenl on
| 9| 0nd onesd

QUATERNARY

a
AR FEWEE PR

1l Lisgs

R R

=B
=B

sl iy
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SITE 687 HOLE B CORE 8H CORED INTERVAL 369.0-378.5 mbsk; 62.2-71.7 mbsf

BIOSTRAT, ZONE/ = ;
’§‘ FOSSIL CHARACTER | , | i = -
o - =
@ |« =R =15
w 2] 2 g 1+ g °olE
wlg|= GRAPHIC |
§ HEHR g E E gl . uithoLosr | & § - LITHOLOGIC DESCRIPTION
138|332 o222l B 4 I B
A HHHEREHEHEE HHE
Flulz|a|a cla|o|m| 3 oflw|ae
SAND
Major lithology: Section 1, 0-150 em, and Section 2, 0-150 cm: sand, dark gray
(N 4).
1 SMEAR SLIDE SUMMARY (%):
2,135
]
TEXTURE
Sand 70
o 2}
s - Sit 30
~lae @
=] =] COMPOSITION:
c c
= oy 2 Cuariz 25
= = Feidspar 35
o o Mica 2
c c Calcite/dolomite 15
o o Accessory minerals 3
: : * Hombiende 5
1
Opaques 10
Diatoms 3
Sponge spicules 1
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SITE 687 HOLE B CORE 9H CORED INTERVAL 378.5-388.5 mbsi; 71.7-81.2 mbsf
BIOSTRAT. ZONE/ ” .
t | FossiL cHaracTER | , | & 2lm
S 2|E 2|
X E :% g Q E GRAPHIC s E
§ ; 2 E & ] g E 2 LITHOLDGY |2 - LITHOLOGIC DESCRIPTION
158122 2112zl & HEE
‘i 3I|2(2|e wle| 3] w = &
2(5(3(3]2] 13]|:18]8] & H
s z|x o o a (] ] 3 a | w o
7 * SAND, SILT, FINE-GRAINED SAND, and SILTY CALCAREOUS MUD
Major lithology: Section 1, 0-150. and Section 2, 0-150 cm: sand, gray (N 5/,
K Section 3, 0-150 cm: sand and silt, gray (N 5) to greenish gray (5Y 5/1); Section 4,
< 0-150 em: sand, gray (N 4/), and gray (5Y 5/1) silty mud, with shell debris at
1 i 30-38 cm; Section 5, 0-150 cm; fine-grained sand, dark gray (N 4/), with gray (5Y
3 5/1) calcareous mud at 20-30 and 73-92 cm; Section 6, 0-150 cm: fine-grained
0 sand. dark gray (N 4/); Section 7, 0-7 cm: silly calcareous mud, gray (5Y 51). and
- Section 7, 7-36 cm, and CC, 0-11 cm: fine-grained sand, dark gray (N 4/
SMEAR SLIDE SUMMARY (%)
p 1.4 2,135
E M ]
=] TEXTURE:
2 Sand 85 70
Sint 15 30
e COMPOSITION:
5 & | Ouarnz 20 25
3 Feldspar 30 s
Rock fragmenis B -
Mica 10 2
b Calcite/dotomite T 15
s Accessory mingrals 5 3
] Opaques 10 10
3 h Glauconite 2 1
e Homblende 3 5
Foraminifers T -
> Mannofossils T -
?’( Diatoms 5 3
= E Sponge spicules b4 1
= ]
= ] X
<
3 X
4 4
i X
h X
X
Bl
© 8 -
n @ 6| 3
o o e
c c
o =4
@ o
=l =
o3 o ]
cl|= c .
o= o
cl|z c =
*|* * 7 b
CT

1
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SITE 687 HOLE B CORE 10H CORED INTERVAL 388.5-397.5 mbsl; 81.2-90.7 mbsf
BIOSTRAT. ZONE/ N
= | Fossic cuanactenr | | 8 2w
] m 2l 2|e
] E 2|2 E & GRAPHIC H E
2|z s
§ s E zl, E E :‘:’ ol LimoLosr | & :'3. s LITHOLOGIC DESCRIPTION
S| ] =
MHHHEBEHBHHE 35 |38
I Z|E|S|8| % g|8|a
5 =R =) SILTY MUD, SILTY DIATOMACEOUS MUD, FINE QUARTZ-FELDSPAR SAND, and
i = J FINE SAND
) .S: ] X t. Major lithology: Section 1, 0-150 cm: silty mud, coarse bands of gray (5Y 5/1) and
g o G S ‘i“ dark gray (N 4/) silt or silty sand, bioturbated, mottied conlacts, graded bed al 56 cm,
1 i Ci e RS = with dolomitic sandstone, gray (5Y 5/1), at 0-2 cm; Section 2, 0-73 cm: silty
3 diatomaceous mud, interbedded gray (5Y 51} and dark gray (5Y 4/1) silt or silty
1.0 sand, mottied and bicturbated, with fine fragmenis of white shell debris in siffy matrix;
- voID Section 2, 73-110 cm: fine quanz-feldspar sand, dark gray (5Y 4/1); Sections 3
N throwgh 5: fine sand, dark gray (5Y 4/1); Section 6, 0~150 cm: fine sand, dark gray
{5 4/1), with gray (5Y 5/1) muddy interval at 50-85 cm; and Section 7, 0-66 cm, and
CC, 0-19 cm: sand, fine-grained, dark gray {5Y 4/1).
SMEAR SLIDE SUMMARY (%):
2,28 262 2,84
D D D
2
| TEXTURE
Sand — 20 70
1 Sikt 45 55 30
n voIiD Clay 25 s
COMPOSITION:
Quarz 2 33 50
Feldspar 1 a 15
Rock fragments 1 5 14
3 1 7 10
Clay 50 20 =
Volcanic glass - 2 1
Accessory minevals
Pyrite 4 2
Glauconite — 2 —
Homblende - 3 3
Micrite 10 10 5
Diatoms. 5 T
= 4
5
6
e o
- -
0w
e 3
gn =
® &
© ©
c 7
S S
< e
b ¥ cCl

CORE 112-687B-11H NO RECOVERY
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SITE 687 HOLE B CORE 12X CORED INTERVAL 397.6-407.1 mbsl; 90.8-100.3 mbsf
BIOSTRAT , ZONE/ =
= |rFossiL character| | 8 gle
£ @ | @ 2le ElE
AHHE y £l Shpting 8 g LITHOLOGIC DESCRIPTION
§ H E & s|lz|= LITHOLOGY | o | & | w U
-;;g& HMEHE HEE
g3 |z uleld|s| & 2|ls|3
Fl2lzl2|a 2|lZ|5|8| % HEL
(o] SAND, MUD, SILT. SANDY MUD, FINE-GRAINED SAND, and CALCAREQUS SILT
o Major lithology: Sections 1 through 5: sand, gray (N 4.
.5 o} CC, 0-9 cm: mud, siit, and sandy mud, gray (5Y 5/1), bioturbated; 9-14 cm:
1 fo) fine-gratned sand. dark gray (Y 4/1). bioturbated; and 14-20 cm: calcareous sift,
] gray (N 5.
4
L o SMEAR SLIDE SUMMARY (%):
o cc
(8] D
o] TEXTURE
o Sand 75
2 o Sin 25
o COMPOSITION:
(o] Quartz 70
Feldspar 2
o Aock fragments 10 -~
o Mica 2
Accessory minerals
fe) Homblende 5
Pyrite 1
o Apalite T
Micrite 10
3 (o]
=
o
o
o
o
(o]
o
% o
(o]
o
o
(o]
o o
f. < o
e a o]
g c 5
3 8| 2
-] ° o
5 | | 0
[ =
o}
» x g .

687B-12X 1
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SITE 687 HOLE B CORE 13X CORED INTERVAL 407.1-416.6 mbsl; 100.3-109.8 mbsf 687B-13X CC 687B-14X 1 cC

BIOSTRAT. ZONES & :
Y | FOSSIL CHARACTER | , | w olw
z 1 3l
5 g 3 = ; g GRAPHIC § E
w 9 - a
§ S 8 g, g8 E =P Litkotogr | g - I LITHOLOGIC DESCRIPTION
S| w [ = L
REHHHBEHAHEE EIM
Z|8|3|8]3 F|z| 28] 9 HE
wlZ2|le|d ala|G|lm| = @ | o
f &5 T SAND
: Major lthology: sand, dark gray (N 4/), foraminifer-bearing, in CC, 0-28 cm
& = SMEAR SLIDE SUMMARY (%)
g cc, 20
& D
b TEXTURE:
c
s Sand 25
Sit 73
Clay 2 _l
COMPOSITION: 40'—* —
Quartz 30
Feldspar 10 45— —
Rock fragments 5 ]
Mica 5
Clay 7 50—.' -
Calcite/dojomite 8 ~
Accessofy minerals 2
Hornblende 3 55— ek
Opaques 20
Foraminifers 5 =
Diatoms 5 60— =
Sponge spicules L

SITE 687 HOLE B CORE 14X CORED INTERVAL 416 .6-426.1 mbsl; 109.8-119.3 mbsf 70‘— —

BIOBTRAT. ZONE/ W . —
£ |FossiL cHamacTeR | | & 20w 75_ =
32T 2)e :| &
5|83 E 2 £, SRAPIC a g THOLOGIC DESCRIPTION 1
2:2/3|w S|E|E| 2|, | vrmHoosr (e g s L I 80-- ad
MHEEIHEEHFEEE A -

3 |Z|2|5|% $121d8|5] = J1als 85___

BHEIEHE |E|5|8| % HEE -~
DIATOMAGEOUS MUD E

. ! : § O« 90— Al

w Major lithology: Section 1, 0-42 cm: diatomaceous mud, olive (5Y 4/4), mottied. -

=z 7 Fragments of shell from 1-25 cm. CC, 023 cm: diatomaceous mud, olive (5Y 4/4), |

b * cC| mainly massive. 95"i o

o @ -
= I c SMEAR SLIDE SUMMARY (%):

J|a N 100— —
ae 1,3 =
o

o o

4 e —— —

= “é TEXTURE '05_i

@ ] i
i -
S S - % (10— ¢ "—
= COMPOSITION: 15— -
Quarz 10 -
Feldspa 5
Rock frag 2 120— ol
Mica 1 .
Clay 33 "
Galcite/dol 5 125— —
Accessory minerals 1 —
Pyrite 3
Foraminifers 2 iso_ R
T —_—
Diatoms 38
Sponge spicules b '35_ o
Silicoflagefiates T

L89 LIS
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SITE 687 HOLE B CORE 15X CORED INTERVAL 426.1-435.6 mbsl; 119.3-128.8 mbsf
BIOSTRAT. ZONE/ . ;
£ | FosSIL CHARACTER | ., | w 2le
o - 2
AABARRHE HE
g |d|alz HEE sl [ 1 LITHOLOGIC DESCRIPTION
€ |Z121<]2 $|*|6|2]| e 2lz|8
" EIER K 2| .|2|2] & M
- = - - w | o F | - = p | 2
ERHEIEIE HEERHR |82
Flu|lz|e]a d|E|5|8| 2 a|m|®
T DIATOMACEOUS MUD and CALCAREOQUS MUD
-
:VT : Major lithology: Section 1, 0-68 cm: dutomacecus mud, dark olive gray (5Y 32),
0.5 * homogenous; and 65—117 cm: calcareous mud, dark gray (5Y 4/1), with white shell
I~ fragments, concentrated near uppar conlact (erosional contact)
1 < (™
:VT Section 2, 0—142 cm: digtomaceous mud, gray (5Y 4/1) 1o olive gray (5Y 52),
- 1 o Q} and with crude lami (pelow 68 cm), with dark gray (N 4/) fine
o L1 - * sand and silt (2-9 cm). Shell fragments al 20 cm (bioturbaled basal contact). Gray
w =3 b ™ (5Y 5/1) calcitic dolomite with shell fragments at base al 63-68 cm.
= 5 ]
w = oe CC, 0-25 cm: diatomaceous mud, olive gray (5Y 4/2), with thin foraminiler
g & 4 ! concentrations near 3 and 6 cm. Shell debris near 19 cm.
3 s ™ SMEAR SLIDE SUMMARY (3%):
| N =
o 2 B ] 1,38 1,104 2123
| |2 N + e
] 1 TEXTURE:
HEBE 1 M
2 2 s Sand - 1 10
-4 J 1 Qj *1 s 65 65 60
3 = ol s Clay s 25 30
* * COMPOSITION
Quartz 15 20 10
Feldspar 10 15 15
Rock fragments 5 5 8
Mica 3 2 1
Clay 3 25 21
Calcite/dolomite 3 5 5
Accessory minerals 1 -_— =
Glauconite 2 1 1
Homblende 2 2 1
o 3 4 2
Micrite -_ 2 -
Collophane 5 — 1
Pyroxena - T —
Foraminifers - 3 5
Nannolossils -— 1 —
Diatoms 20 15 30
spicules — Tr h g
Silicoflagellates T T —

6878-15X
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SITE 687 HOLE B CORE 16X CORED INTERVAL 435.6-445.1 mbsi; 128.8-138.3 mbsf
BIOSTRAT. ZONE/ 3
= | FossiL character | , | 8 HE
z ol = 2| &
@ | oo = 4 B
5883 g . e |35 ITHOLOGIC DESCRIPTION
g ls|8|z|, 2| 5(2)] & Lihoosr [ g | 2 fw LITHOLOGIC DESCRIPTIO
v 15|812]2 2l.12l2] & HEE
wilg|lz|s|E wlw|EF|r| w 411§
2 |z|Z)la|« lzlel2| & =lal3
= l2|2|&|a HEAEIEIE ] HIEE]
& @ ™ MC - DOLOMITIZED or CALCIFIED MUD and DIATOMACEOUS MUD
= c 91 -~ *
w |=lE 2 I Major lithology: Section 1, 0-13 cm: dolomitized or calcified mud, olive (SY 5/4);
z |o|m - 05— -~ u Section 1, 13=112 cm: dialomaceous mud, olive (5Y 4/3), burrows, and piece of
wl|gle = L] 1 T A * dolomite al 32-37 cm; and CC, 0-30 cm: datomaceous mud, olive (5Y &30; with
o | &= ‘m: ag " =M pale olive (5Y 6/3) dolomite at 15-20 cm and white volcanic ash at 28-30 cm
O |e=]|= D) 7] —
=28 |8 W™ e SMEAR SLIDE SUMMARY (5%)
alela 'S kVE
2|e = 4 s o) 1,20 :'i?‘ ‘DM ﬁC?}'
(x| |* CC 4 - i D
TEXTURE
Sand - - 20 70
Sit 40 90 35 30
Clay 10 45 -
COMPOSITION:
Quartz 7 2 2 2
Feldspar L 2 2 3
Rock fragments 5 1 1 -
Mica T L T a
Clay 28 10 40 s
Voicanic glass = — i 91
Calcite/dolomite 5 2 1 T
Accessory minerals
Pyrite 10 2 2 -
Glauconite 1 — 1 —
Homblende T — T —
Micrite — 75 1 —
Callophane — — 2 —
Opaques - - - 1
Foraminilers 2 1 1 L
Diatoms: 34 5 45 -
Radiolarians ™ - - -
Sponge spicules - T L —
Silicoflageliates T - - —
Fish remains - - 2 ad
SITE 687 HOLE B CORE 17X CORED INTERVAL 445.1-454 .6 mbsl; 138.3-147.8 mbsf
BIOSTRAT . ZONE/ - z
£ | FossiL cHARACTER 2
z = g|E HEH
- 2|32 5l o @2
wlz|= GRAPHIC a
§ s g z g g E g L. LimoLoer | § s LITHOLOGIC DESCRIPTION
E 2 |2]s e
A HHEHEBEEHEE: i
=4 =3 - - = = | T z wl w 3 il -
e & |x |0 a a oo 3 a|®| o
R - 1 I _4 ;s@ DIATOMACEQUS SILTSTONE
. s
w 2 Majar lithology: dolomitic: siltstone, two pleces, dark gray (N 4/), in Section 1,
z o 0-27 cm.
w ~N
5]
o w
3 =
& 2
o
e
=

6878-16X

L1

cC

B87B-17X

100—/
105—
110—
15—
120—
125—
130—
135—
140—
|45~
150—

1
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SITE 687 HOLE B CORE 18X CORED INTERVAL 454 6-464.1 mbsl; 147 .8-157.3 mbsf
BIOSTAAT, ZONE/ ’
£ | FossiL chamacten | | @ gla
5 [eT=l= 2= 2ls
AR E GlE o GRAPHIC 2 5
HHEEHP Slg|E|. umocosr [o| 2| w LITHOLOGIC DESCRIPTION
N EIEIEAE 2l .12is| 8 Sl=1y
HAHHHEREIHEEE: Zlg| &
- =3 - - - - x x d - 3 i -
- = x| a Y o o @ = =] - L
iCC C-I DOLOMITIC SANDSTONE
Major lithalogy: dolomitic sandstone, ten little pleces. gray to dark gray (N 4/~N 57, in
LB CC. 0-5cm
SMEAR SLIDE SUMMARY (%)
cc.2
M
TEXTURE
Sand 60
Silt a0
COMPOSITION:
Quartz 35
Faldspar 12
Rock fragments ]
Mica 4
Calcite/dolomite 5
Cement 30
Accessory minerals 3
Opaques 2
Pyrowene T
Glauconite T
Diatoms T
SITE 687 HOLE B CORE 19X CORED INTERVAL 464 .1-473.6 mbsl; 157.3-166.8 mbsf
BIOSTRAT . ZONE/ i
% FOSSIL CHARACTER 8 o g g
- =
g |£ HE THE el HE ITHOLOGIC DESCRIPTION
elilals 2x)= LITHOLOGY | o | B | w LATIRL
112|518 HE R L
mEIE al 12|12 = b Badl
=|lz|=|= Wl e 2| | & 1 B
X |elZz|la|= Sl xlwlel = HELE
Fle|2|d|a |E|5|8)| % HEE
™~ VE=] @ DIATOMAGEOUS MUD
1 - B
I v | Major lithology: Section 1, 0-150 cm: diatomaceous mud, olive gray (5Y 4/2), with
5— 4 crude olive (5Y 5/4) laminae rich in diatoms, and olive (5Y 5/4) dolomite at 1719 em;
T 1 Section 2, 0~150 cm: diatomaceous mud, olive gray (5Y 4:2), with crude olive (5Y
1 1 ~r H 5/4) laminations rich in diatoms, and mud britile with incipient fissility; and Section 3,
P T ‘ 0-104 cm, and CC, 0-11 cm: diatomaceous mud, olive gray (SY 4/2), with crude,
o ~r :h * bioturbated, olive (5Y 54) laminations rich in diatoms.
T ‘A —1 SMEAR SLIDE SUMMARY {%):
1
T = 1,101 3,81
4 f L] D
1 SRRy
- 1~ —-— TEXTURE
w ad —
Z 2 i Sand 5 —
w 21 A sat 70
2 = ke = Clay 25 10
7] | I—
3 o | COMPOSITION:
a 1> as
o T ] Quartz 3 10
< 1~ —| Feldspar 2 5
o o p — Mica T —
e T B e . ci 5 20
H i Kin a
~ o= 7 Calcite/dolomite T 1
. L o — Accessory minerals 1 -
o q Y Pyroxene — 1
= 3 Jor ] Phosphate - T
] 91 f Glauconite — T
n o Foraminifers - T
e 23 = Nannofossils T T
62 1 IW | Diatoms 89 63
. - Silicofiageliates T -
@ = GG . o6
* * it = aw

6878-18X CC 687B-19X |
.
|O': )
|5—_
20— -
25—
30 ”
35
40—
45—
50—
55—
60*_
65—
10-
15—
80—
85—
90—
95—
100—
105—
10—
15—
120 . -
125—
130 -
135~ ~
40—
45—
50—+ -~

2 3 cC
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SITE 687 HOLE B CORE 20X CORED INTERVAL 473 6-483.1 mbsl; 166.8-176.3 mbsf
BIOSTRAT. IONE/ " .
| FossiL cHARACTER | o | w 2le
3 FTaTs gz HH
w |El=]|Z "] sl 6
HIE] & GRAPHIC B
§ § 2 H ‘;‘ E g g ul LihoLoor | g E . LITHOLOGIC DESCRIPTION
[ 3 212 = 3 =t
A HHEHREIHEHE 2s8
2|22 |5 s|E|E|8] ¥ HEBEG
) © ] :& DIATOMACEOUS MUD, SILT. SAND, CLAY, and DIATOMACEQUS MUD
ol Bl -— N
g % g ] - Major lithology: Section 1, 0-31 cm: diatomaceous mud, dark olive gray (5Y 3/2);
clo c 1 lo.5- - 31-56 cm: alllaﬂdsartuwmmodbyﬁolmbe 56-64 cm: clay, finety laminated, olive
g- = g- B * gray (5Y 4/2); 64-67 cm: sand, gray (N 5), cemented by dolomite; and 67-111 cm:
) S 3 diatomaceous mud, olive (SY 4/3), and gray (N 5) mud layer at 72-74
h=]
5 e = s . CC, 633 cm: diatomaceous mud, olive (5Y 4/3), finely laminated. Dolomitic: siltstone
s|le s al 19-27 and 30-33 cm.
[ = c -
| * * c 2% % | SMEAR SLIDE SUMMARY (%):
1,53 1,63 1,97 CC.27
M M D
TEXTURE
Sand - - 10 5
Si 95 k] 50 85
Clay 5 75 40 10
COMPOSITION:
Quartz 3 3 3 4
Faldspar 3 3 3 3
Rock fragments 1 2 2 3
Mica — T 1 T
Clay 4 45 a5 20
Calcite/dolomite 75 5 2 2
Accessory minerals
Pyrite 3 10 3 2
Collophane 1 1 - —
Glauconite - - 1 1
Micrite - 5 5 2
Foraminifers T 1 5 3
Nannolossils - = T —
Diatoms 10 ] 40 60
Sponge spicules S5 = = T
CORE 112-687B-21X NO RECOVERY
SITE 687 HOLE B CORE 22X CORED INTERVAL 492 .6-502.1 mbsl; 185.8-195.3 mbsf
. BIOSTRAT. ZONE/ - .
- FOSSIL CHARACTER o | W E @
5 5T= 2z HE
g HHE % il saemic | 3| % LITHOLOGIC DESCRIPTION
i =
=§§§; ;§E€wumomﬂ 553
g | 2|2 al -l=z|=| = e
R EHEHBEHHEE: 3lgl5
clel=l=13 =(z|z|w| w Elw|=
= = - o o Y o o = =] o w
| % * cCl :‘Jlf_'--_'_'--fﬁ-- (o] * | DOLOMITE-CEMENTED SILTSTONE
o E » Major lithology: dolomite-cemented siltstone, gray (5Y 5/1), in CC, 19-25 cm,
pia:
~ 2l |8 CC, 0-18 cm: drill shurry.
= c
g‘ g SMEAR SLIDE SUMMARY (%)
@ o cC, 9
= c D
o
c TEXTURE:
Sitt 70
Clay 30
COMPOSITION:
Quartz 10
Faldspar 10
Rock fragments 4
Mica T
Clay 30
Caicite/dolomite 15
Accessory minerals
Glauconite T
]
Micrite 5
Diatoms 20

6878-22X CC

5
10
15
20
25
30
35: -
40t -
45:
50—_'
55— "~
SOj
65‘: -
TO—_ -
?5t
80'_’
85—
90—
05— | -
100—
05— —
o -
Hs— -
120—
125— -
130— —
1364 L
10— -
45— -
50— ~

|
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