18. SITE 686!

Shipboard Scientific Party?

HOLE 686A

Date occupied: 1730 L, 1 December 1986

Date departed: 1130 L, 2 December 1986

Time on hole: 18 hr

Position: 13°28.81'S, 76°53.49'W

Water depth (sea level; corrected m, echo-sounding): 446.8
Water depth (rig floor; corrected m, echo-sounding): 457.3
Bottom felt (m, drill pipe): 458.7

Penetration (m): 205.7

Number of cores: 23

Total length of cored section (m): 205.7

Total core recovered (m): 181.71

Core recovery (%): 88.3

! Suess, E., von Huene, R., etal., 1988. Proc. ODP Init. Repts., 112: College
Station, TX (Ocean Drilling Program).
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Oldest sediment cored
Depth (mbsf): 205.7
Nature: diatomaceous mud
Age: Quaternary

HOLE 686B

Date occupied: 1130 L, 2 December 1986

Date departed: 0030 L, 3 December 1986

Time on hole: 13 hr

Position: 13°28.81'S, 76°53.49'W

Water depth (sea level; corrected m, echo-sounding): 446.8
Water depth (rig floor; corrected m, echo-sounding): 457.3
Bottom felt (m, drill pipe): 458.3

Penetration (m): 303.0

Number of cores: 32

Total length of cored section (m): 303.0

Total core recovered (m): 225.53

Core recovery (%0): 74.4

Oldest sediment cored
Depth (mbsf): 303.0
Nature: diatomaceous mud
Age: Quaternary; possibly Pliocene

Principal results: Site 686, the southernmost point of the paleoceano-
graphic north-south transect along the outer Peru shelf, is located in
the West Pisco Basin. This site was selected (1) to obtain a high-reso-
lution record of upwelling and climatic histories from Quaternary
and possibly Neogene sediments, (2) to calculate mass accumulation
rates of biogenic constituents from an upwelling regime, and (3) to
document in detail early diagenetic reactions and products specific
to the coastal upwelling environment.

Two holes were drilled at Site 686. Hole 686A was cored to a total
depth of 205.7 mbsf using the hydraulic piston (APC) tool to 64.7
mbsf, followed by coring using the extended-core barrel (XCB) tool.
Using these same drilling operations, Hole 686B was cored to 303.0
mbsf. In both holes, overall core recovery was good (80%); recovery
was only moderate, however, in several sand layers. Cores from both
holes were readily correlated using lithostratigraphic and biostrati-
graphic markers as well as physical index properties.

The sediments at Site 686 are made up of diatomaceous mud.
Three major laminated intervals (Units I, III, and V) alternate with
three bioturbated intervals (Units II, IV, and VI). All sediments re-
covered are of Quaternary age, based on the occurrence of an ash
layer at 153.6 mbsf (which was also recognized at Site 687), where its
age assignment was well constrained and estimated as between 0.7
and 0.9 m.y. At Site 686, the bioturbated intervals commonly con-
tain silty, sandy, and shelly beds, whereas the laminated intervals,
having friable phosphate layers, are more phosphoritic. Dolomites
are common in all units except Unit I between 0-16 mbsf, which is a
laminated diatomaceous mud with peloidal phosphorites. The ma-
jor cyclic sequences contain numerous smaller cycles alternating be-
tween bioturbated and laminated diatomaceous muds. These cycles
may record fluctuations in sea level and the position and intensity of
the oxygen-minimum zone. Diatoms can be grouped into floras in-
dicative of strong-, intermediate-, and low-intensity coastal upwell-
ing, with oceanic admixtures. At least three prolonged phases of in-
tense coastal upwelling appear to coincide with lithologic Units I, II,
and I1I. Superimposed on these major and minor cycles is a clear

705
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tectonic trend of subsidence in the depositional environment of the
West Pisco Basin from 1.5 Ma to the present. Benthic foraminifer
assemblages record four successively deeper habitats from the shelf
(50-100 m) at 300 mbsf to upper middle-bathyal depths (500-1500
m) at 14.5 mbsf, Calcite formation followed by dolomitization is the
ubiquitous diagenetic sequence along the Peru margin. We recog-
nized this sequence at Site 686 by its reflection in maxima and min-
ima of dissolved calcium and magnesium profiles. A subsurface
brine, clearly seen as a chloride anomaly, continually replenishes cal-
cium and magnesium used up in the formation of carbonate miner-
als. At Site 686, the brine contains large quantities of dissolved am-
monia and phosphate and is depleted in sulfate, quite unlike the
brines found along the transect at 11°S. We believe that this reflects
the brine’s passage through organic-rich sediments that undergo
mineralization by sulfate reduction and the injection of dissolved
metabolites.

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 that constitute the water depth
transect are Site 681 at 146 m deep, Site 680 at 252 m, Site 687
at 307 m, and 686 at 443 m. The sites of the latitudinal transect
are Sites 684 at 9°S, Site 679 at 11°S, and Site 686 at 13°S (see
Site 679 chapter, Fig. 1); these latter sites are all within the same
water depth of 450 + 20 m. Some general considerations apply
equally to Sites 686 and 687, whereas others apply specifically
to each site. Therefore, the first part of the respective “Back-
ground and Scientific Objectives” sections of the Site 686 and
687 chapters are identical, but the second parts contain separate
discussions for each site.

General Objectives

Site 686 in the West Pisco Basin (Fig. 1) and Site 687 at the
southernmost end of the Lima Basin were selected to provide a
continuous high-resolution record of upwelling and climatic his-
tories, 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.

History of Oxygen Minima 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, this zone shoals along the path of the undercur-
rent by about 300 m through the depth interval bracketed by
Sites 684 and 686. Sea-level fluctuations and tectonism superim-
pose additional long-term trends on the depth distribution of
those sediments that were deposited within the oxygen-minimum
zone. We expected that sampling the latitudinal and water-depth
transects would allow us to evaluate these trends separately.

Upwelling plumes generated along today’s eastern-boundary
current system off Peru show a distinct zonation along their
paths (Fig. 2). The temperature increases from the center near
the shore toward the margin offshore. The nutrient pattern
changes from silica-dominated to nitrogen-dominated composi-
tions, and the resulting biological succession likewise displays a
zonal nearshore-offshore pattern, changing roughly from phy-
toplankton to zooplankton dominance (Jones et al., 1983; Dug-
dale, 1983). Site 686 is located at the northern fringe of a promi-
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nent upwelling center around Capo Nazca (14.5°S), and Site
687 is located at its extreme edge. Comparing both sites to each
other and to Site 681, which 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 accumula-
tion rates and accumulation rates of individual components (i.e.,
organic matter, calcium carbonate, phosphate, nitrogen, and
silica) will be calculated later from the samples drilled at these
sites.

Early Diagenesis

Rapid sedimentation rates of organic-rich sediments promote
extreme 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, should provide exhaustive data about dis-
solved and gaseous compounds of pore waters, about isotope
characteristics, and, hence, about in-situ temperatures of dolo-
mite formation. With these data, we will be able to model the
reactions of diagenesis by a detail and extent in time rarely pos-
sible before.

Effects of Hypersaline Fluids

A new objective emerged after Leg 112 drilling began that
affected early diagenetic dolomitization processes, because we
consistently found indications of saline brines at sites on the
shelf and upper slope. These fluids were discovered in the sub-
surface at Sites 680, 681, and 684. The extent of their area over
the Peru margin appears enormous, but their origin remains un-
certain. This is of great significance because hypersaline pore
fluids exert a strong influence on reaction pathways. Prelimi-
nary interstitial-water and gas analyses suggest that the brine
continuously replenishes dissolved sulfate, the oxygen donor used
by sulfate-reducing bacteria. Consequently, the competing ef-
fective pathway of microbial methanogenesis is suppressed. Such
a process could strongly alter the carbon-isotope signal of the
metabolic carbon dioxide that is incorporated in dolomites or
any other authigenic carbonate mineral. The brine also is an in-
exhaustible source of calcium and magnesium for dolomitiza-
tion. Therefore, sampling of interstitial water was intensified at
Sites 686 and 687. Special attention was directed toward detect-
ing elevated salinity; sulfate, magnesium, and calcium contents;
and any change in the intensity of methanogenesis. The data ac-
quired from Sites 686 and 687 about the distribution and chem-
istry of this brine will help us understand the full implications
of this phenomenon.

Specific Objectives

The drilling area is located between two structural ridges that
separated the shelf and upper-slope region. This part of the
West Pisco Basin is heavily sedimented and underwent long and
continuous subsidence and, hence, preserved a largely undis-
turbed record (Thornburg and Kulm, 1981). The East Pisco Ba-
sin contains an even thicker sediment cover, probably with a
large terrigenous component. Both basins are adjacent to expo-
sures on land of the famous Miocene Pisco Formation, a classic
association of diatomites, cherts, and dolomites believed to have
formed under coastal upwelling conditions (Muizon and Bellon,
1980).

The site lies landward of the depositional center of the West
Pisco Basin (Fig. 1). The distance from shore is 66 km. We ex-
pected sedimentation rates to be high but thought that terrige-
nous input might be reduced because of the more proximal East
Pisco Basin acting as a trap. Seismic data across the site indicate
a shallow mud lens, about 40 m thick, that progrades seaward
over older strata that conformably follow the basin morphol-
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_Figurc 1. Bathymetry and sediment isopachs along the Peru Continental Margin at Site 686; depths are in
mte‘rva‘]s of 1000 m, beginning at a water depth of 200 m; sediment isopachs are in increments of 0.5 km,
beginning at 0.1 km; for an overview of all sites, see Figure 1, Site Chapter 679 (this volume).

Figure 2. Idealized structure of an upwelling center in the southern hem-
isphere (Jones et al., 1983). The coastline is depicted on the right. The
arrows indicate hypothetical stream lines of the cross-shelf flow. Zone I
is the zone of intense upwelling; temperature is lowest, nutrients are
highest, and biomass is generally low. As the water progresses outward
(Zones II and III), it begins to warm, and the phytoplankton begin to
adapt to both high nutrients and near-surface light intensities, which in-
creases their rates of growth. Zone IV represents the oceanic conditions
of the Peru Current regime. Zone V is the poleward-flowing countercur-
rent.

ogy. The mud lens shows strong multiple internal reflectors and
thins out toward both ends, i.e., seaward and landward of Site
686. During its youngest history, the West Pisco Basin appar-
ently subsided at a much faster rate than the adjacent Lima Ba-
sin, which would account for the thicker basin deposits (present
water depth is 447 m). We believe that during deposition and
high rates of subsidence this site traversed from shelf depths to
its present depth and recorded the change in the oxygen-mini-
mum zone and in oscillations of sea level during climatic cycles

on an expanded scale of continuous high rates of sedimenta-
tion. Two holes were planned at Site 686 using the APC and
XCB coring tools so as to reach 300 meters below seafloor
(mbsf). This target depth was intended to provide sufficient sam-
ple coverage for high-resolution studies of the uppermost sedi-
ment sequence in the area of strongest coastal upwelling.

OPERATIONS

The ship approached Site 686 after a transit of 30 hr from
the northern area at 2100 UTC (1600 L) on 1 December, 1986.
(All times are UTC, Universal Time Coordinated, formerly GMT,
Greenwich Mean Time, unless otherwise indicated.) The course
followed SCS line YALOC 12-03-74 (Fig. 3) to locate the new
site, which was situated on the broad, heavily sedimented and
gently dipping flank of the West Pisco Basin at a water depth of
447 m. We deployed our geophysical gear, reduced speed to 6 kt,
and began seismic surveying at 2120 hr. The survey was designed
to ascertain that no acoustic turbulent features, “wipe-out”
zones, or “pull-down” structures were present in the subsurface
that might signal the presence of free methane gas. We did not
observe such features. During this run, both the water-gun and
3.5-kHz records quickly showed a morphology and subbottom
topography that allowed us to correlate clearly with existing
YALOC seismic records, as well as to recognize its features.
Thus, we had no trouble recognizing the new site, and dropped
a wide-angle positioning beacon at 2200 hr. After retrieving the
geophysical gear, the JOIDES Resolution came to a position on
the new site. About 2 hr later, after running drill string to the
bottom and shortly before spudding, our dynamic positioning
alarm sounded because the beacon signal was weak and erratic.
A backup beacon was lowered on taut wire, and we regained dy-
namic positioning mode at 0100 hr, 2 December. During this ad-
justment, we moved the ship about 200 m south. Checking the
3.5-kHz record showed us that the gently dipping sub-bottom re-
flectors and the thickness of near-surface strata remained un-
changed.
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Figure 3. Tracking chart of approach to locating Site 686.
The first APC core came on deck at 0300 UTC, 2 December Unit 1
(2200 L, 1 December). We continued drilling Hole 686A to a to- Cores 112-686A-1H through 112-686A-4H-3, 80 cm; depth: 0-27.9
tal depth of 205.7 mbsf, using our APC tool to 64.7 mbsf and mbsf.
then the XCB mode for the rest of the hole (Table 1). Recovery Cores 112-686B-1H through 112-686B-3H-5, 30 cm; depth: 0-24.3
of all APC and XCB cores was excellent (average of 89%). Modi- mbsf.

fied jets on the drill bit and the soft formation encountered pro-
vided favorable conditions for improved core recovery. We mea-
sured temperatures in the hole at 33.6 and 52.6 mbsf using the
heat-flow shoe and at 110.7 and 186.7 mbsf using the in-situ
probe.

Hole 686B was cored at the same water depth, after moving
the ship about 10 m south (Table 1). The APC-XCB combina-
tion again yielded good recovery rates (76%), with 100% recov-
ery in the olive gray diatomaceous muds but <50% in frequent
sand beds and silty layers. Phosphatic and dolomitic layers did
not seem to affect recovery adversely. During these coring oper-
ations at shallow water depths, we accelerated retrieval of the
core barrel from the hole significantly by running the wire line
down the drill string before the core was completely cut. During
this modified operation, 27 cores were brought on deck in 9 hr.

At about 1700 hr, 2 December, it was obvious that unfavor-
able global positioning system (GPS) conditions would delay
the start of drilling the following day at Site 687. We decided to
lengthen Hole 686B by 100 m. Our need to acquire a longer sed-
iment section was prompted by the unexpectedly high sedimen-
tation rates in the cored Quaternary sequence, which prevented
our reaching the desired Neogene strata during 200 m of drill-
ing. At 2250 hr, the last core was brought on deck. This core
penetrated the first sediments of Pliocene age at 303.0 mbsf.
The mud line was cleared at 2400 hr, and the ship was under way
to the next site by 0200 L (0700 UTC), 3 December.

LITHOSTRATIGRAPHY

Lithologic Units

Sediments cored at Site 686 were divided into six lithologic
units (Fig. 4 and Table 2), based on sediment composition and
the dominance of either laminated or burrowed sequences.
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Unit I consists mainly of sandy diatomaceous muds that are
predominantly, but not exclusively, laminated. These muds have
20% to 55% diatom frustules, 10% to 55% clay minerals, and
0% to 30% sand-sized terrigenous grains. Minor lithologies in-
clude phosphate nodules (both D and F types), a few layers of
unlithified dolomitic muds, one layer of lithified dolomite, and
thin beds of quartzo-feldspathic sand, silty sand, and silt, some
of which are foraminifer-rich. D-phosphate nodules occur in a
series of prominent gravel beds, some of which appear to be
phosphatic hardgrounds and may mark hiatuses (Figs. 5 through
9; see following extended discussion).

Laminated muds are of two basic types. Type 1 laminations
are typically thicker than 0.5 cm (Figs. 10 through 14). Some
have sharp basal contacts and faint size grading and thus appear
to have been deposited by currents. Others are diatom oozes
(greater than 50% diatoms) with a distinctive olive color; these
appear to be pelagic oozes recording either intervals of high dia-
tom productivity or sorting by bottom currents. Still other type
1 laminations show subtle small bioturbation structures and orig-
inated through burrowing and disruption of type 2 laminations.
Type 2 laminations are thinner (less than 0.5 cm) and more
evenly spaced (Figs. 11 through 14). These likewise appear to
have diverse origins; some are olive diatom oozes that probably
record high productivity intervals, others show microripples and
small scoured surfaces, indicating current activity. Laminated
muds of both types have a variety of small-scale structures, in-
cluding slump folds, microfaults, and dewatering veins.

Bioturbation occurs on several scales in Unit I. As noted be-
fore, very thin burrowed intervals produce some type 1 lamina-
tions (Fig. 13) and indicate shallow burrowing. Larger burrows
disrupt bedding and contain sediments of a composition and
texture different from the enclosing laminated muds (Figs. 14
through 16). Intense burrowing destroys all vestiges of bedding



Table 1. Coring summary for Site 686.

Date Length Length
Core-section (Dec. Time Depth cored recovered  Recovery
interval (cm) 1986) (L) (mbsf) (m) (m) (%)
112-686A-1H 1 2155 0-5.1 5.1 5.12 100.0

2H 1 2210 5.1-14.6 9.5 9.88 104.0
3H 1 2230 14.6-24.1 9.5 9.85 103.0
4H 1 2300 24.1-33.6 9.5 9.88 104.0
SH 1 2320 33.6-43.1 9.5 9.92 104.0
6H 1 2350 43.1-52.6 9.5 7.15 75.2
TH 2 0030 52.6-62.1 9.5 313 329
8H 2 0100 62.1-64.7 2.6 2.68 103.0
9X 2 0143 64.7-72.7 8.0 7.01 87.6
10X 2 0214 72.7-82.2 9.5 4.73 49.8
11X 2 0240 82.2-91.7 9.5 9.69 102.0
12X 2 0308 91.7-101.2 9.5 6.70 70.5
13X 2 0334  101.2-110.7 9.5 10.05 105.8
14X 2 0515  110.7-120.2 9.5 2.56 26.9
15X 2 0559 120.2-129.7 9.5 13.37 140.7
16X 2 0620  129.7-139.2 9.5 11.08 116.6
17X 2 0645 139.2-148.7 9.5 9.65 101.0
18X 2 0704  148.7-158.2 9.5 11.43 120.3
19X 2 0728  158.2-167.7 9.5 9.53 100.0
20X 2 0750 167.7-177.2 9.5 9.58 101.0
21X 2 0807  177.2-186.7 9.5 9.66 101.0
22X 2 0941 186.7-196.2 9.5 0.56 5.9
23X 2 1005 196.2-205.7 9.5 8.50 89.5
112-686B-1H 2 1210 0-8.5 8.5 8.56 101.0
2H 2 1220 8.5-18.0 9.5 9.86 104.0
H 2 1235 18.0-27.5 9.5 9.76 103.0
4H 2 1250 27.5-371.0 9.5 7.07 74.4
5H 2 1305 37.0-46.5 9.5 9.86 104.0
6% 2 1345 46.5-56.0 9.5 5.19 54.6
7 2 1400 56.0-65.5 9.5 1.90 20.0
8X 2 1420 65.5-75.0 9.5 6.10 64.2
9X 2 1435 75.0-84.5 9.5 9.39 98.8
10X 2 1455 84.5-94.0 9.5 6.49 68.3
11X 2 1510 94.0-103.5 9.5 10.55 111.0
12X 2 1530  103.5-113.0 9.5 7.22 76.0
13X 2 1550  113.0-122.5 9.5 0.98 10.3
14X 2 1605  122.5-132.0 9.5 9.89 104.0
15X 2 1625  132.0-141.5 9.5 8.72 91.8
16X 2 1640  141.5-151.0 9.5 9.91 104.0
17X 2 1700 151.0-160.5 9.5 9.44 99.3
18X 2 1725 160.5-170.0 9.5 10.51 110.6
19X 2 1745 170.0-179.5 9.5 1.04 10.9
20X 2 1805 179.5-189.0 9.5 9.97 105.0
21X 2 1820  189.0-198.5 9.5 3.46 36.4
22X 2 1835  198.5-208.0 9.5 9.68 102.0
23X 2 1850  208.0-217.5 9.5 5.85 61.6
24X 2 1910 217.5-227.0 9.5 4.93 51.9
25X 2 1925  227.0-236.5 9.5 9.46 99.6
26X 2 1945  236.5-246.0 9.5 9.79 103.0
27X 2 2005  246.0-255.5 9.5 1.50 15.8
28X 2 2025  255.5-265.0 9.5 9.62 101.0
29X 2 2050  265.0-274.5 9.5 4.18 4.0
30X 2 2115 274.5-284.0 9.5 10.05 105.8
X 2 2130 284.0-293.5 9.5 0.85 9.0
32X 2 2150 293.5-303.0 9.5 3.75 39.5

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

and produces massive, more or less homogeneous sediment. Such
homogeneous intervals are relatively rare in Unit I, and those
present are usually less than 1 m thick (Section 112-686A-2H-2).

Unit I also contains relatively small amounts of thin quartzo-
feldspathic sands and silts in layers of 1 to 10 cm thick (Section
112-686A-3H-6; Figs. 10 and 16 through 18). Some of these
beds show sharp basal contacts, subtle graded bedding and, in a
few cases, laminations (Fig. 18), characteristics that suggest de-
position from a waning current. Several of these beds have con-
centrations of foraminifer tests and mollusk shell fragments
(Fig. 18). Dispersed shell fragments are also present in some of
the burrowed diatomaceous muds.

Unit 1T

Cores 112-686A-4H-3, 80 cm, through 112-686A-11X; depth, 27.9-
91.7 mbsf.

Cores 112-686B-3H-5, 30 cm, through 112-686B-11X-3, 40 cm; depth,
24.3-97.4 mbsf.

SITE 686

Burrowed sandy diatomaceous muds, silts, and sands consti-
tute most of Unit II. Completely bioturbated intervals of these
lithologies occur in packets up to 7 m thick. These are separated
from other bioturbated packets by thinner intervals (1-2 m) of
laminated or slightly bioturbated, laminated diatomaceous mud.
These alternations of bioturbated packets with laminated pack-
ets form about five or six cycles whose details are discussed
later.

Superimposed on these cycles are graded beds 10 to 20 cm
thick having sharp, scoured basal contacts and composed of
quartzo-feldspathic sand and sandy silt. Two gravels containing
reworked D-phosphate nodules occur in Unit II; one of these
lies just above two dolomite beds and forms an excellent corre-
lation between Holes 686A and 686B (Samples 112-686A-6H-4,
103-105 c¢cm, and 112-686B-6X-2, 106-113 cm). F-phosphate nod-
ules do occur at several levels in Unit II but are comparatively
rare. A few thin dolomite beds up to 10 cm thick likewise are
scattered throughout the unit in both the laminated and massive
packets (Fig. 19).

Unit II differs from Unit I in (1) the dominance of burrowed
intervals in Unit II vs. laminated intervals in Unit I, (2) the
greater abundance of sand and silt layers in Unit II, and (3) a
somewhat greater abundance of sand-sized terrigenous grains in
the diatomaceous muds of Unit II. These attributes suggest a
higher-energy, more-oxygenated, and perhaps shallower-water,
environment for Unit 11 compared with Unit I. Laminated inter-
vals in Unit II contain both type 1 and type 2 laminations as
well as a variety of small structures, such as microfaults, dewa-
tering veins, and slump folds (Figs. 20 and 21).

Unit IIT

Cores 112-686A-12X through 112-686A-17X-4; depth, 91.7-145.2
mbsf.

Cores 112-686B-11X-3, 40 cm, through 112-686B-16X-2; depth, 97.4-
144.5 mbsf.

Laminated diatomaceous muds dominate Unit III and ap-
pear to be less sandy than comparable muds in lithologic Units I
and II. As in Unit I, the laminated or slightly bioturbated lami-
nated muds occur in packets up to 7.5 m thick, separated from
other laminated packets by bioturbated intervals a few meters
thick. The range of structures in the laminated muds resembles
that of Units I and II. Thin graded beds of quartzofeldspathic-
and lithic-rich sands and silts occur throughout the unit. Phos-
phate nodules are rare, but thin beds of dolomite are more com-
mon than in Unit II, particularly in the bottom one-half of Unit
I11. In addition, there are a few thin beds of micritic limestone.
Two thin, ash-bearing beds occur in Section 112-686A-12X-3
but were not recognized in Hole 686B.

Unit IV
Cores 112-686A-17X-5 through 112-686A-23X; depth, 145.5-205.7
mbsf.
Cores 112-686B-16X-3 through 112-686B-24X-2, 25 cm; depth, 144.5-
220.8 mbsf.

Burrowed, massive diatomaceous muds and distinctive shelly
beds characterize Unit IV, which also contains a few interbed-
ded packets of laminated or slightly burrowed laminated mud
up to about 3 m thick. Also present are muddy sand layers hav-
ing abundant reworked foraminifer tests. Concentrations of small
mollusk shells and shell fragments occur in thin sand beds, in
burrow fills, and also as dispersed grains in massive, biotur-
bated muds. Thin, lithified dolomite beds or nodular layers
(Fig. 22) are common, and several such layers occur in nearly
every core from lithologic Unit IV. A few F-phosphate nodules
occur in both laminated and burrowed diatomaceous muds, and
Section 112-686A-22X-1 contains D-phosphate nodules. A dis-
tinctive pair of volcanic ash layers occurs in both holes (Samples
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Figure 4. Lithostratigraphic units at Site 686.

112-686A-18X-5, 85-95 cm, and 112-686B-17X-3, 45-56 cm)
and allows correlation between these layers, as well as between
Sites 686 and 687, as subsequently discussed.

Unit V

Cores 112-686B-24X-2, 25 cm, through 112-686A-27X; depth, 220.8-
255.5 mbsf.
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The laminated diatomaceous muds that dominate Unit V also
include a few thin burrowed intervals, some of which contain
mollusk shells and shell fragments. Thin layers of lithified dolo-
mite (Fig. 23) and micritic limestone occur throughout the unit,
as do unlithified micritic (calcitic) and dolomitic diatomaceous
mud layers. Thin sand and silt layers, present in most of the
other units, are rare in Unit V.



Table 2. Lithologic units at Site 686.

Approx.
depth
Unit Lithology Core range (mbsf)
1 Laminated diatomaceous mud  112-686A-1H through 0-27.9
with thin sand and silt -4H-3, 80 cm
layers 112-686B-1H through 0-24.3
-3H-5, 30 cm
Il Burrowed diatomaceous mud 112-686A-4H-3, 80 cm 27.9-91.7
with beds of sand and silt through -11X
112-686B-3H-5, 30 cm 24,3-92.4
through
-11X-3, 40 cm
111 Laminated diatomaceous mud  112-686A-12X 91.7-145.2
through -17X-4
112-686B-11X-3, 40 97.4-144.5
cm through
-16X-2
v Burrowed diatomaceous mud 112-686A-17X-5 145.5-205.7
with layers of shelly beds through -23X
112-686B-16X-3 144.5-220.8
through -24X-2,
25 cm
\'s Lami d diat ous mud ~ 112-686B-24X-2, 25 220.8-255.5
cm through -27X
VI Burrowed diatomaceous mud 112-686B-28X 255.5-303.0
with layers of shelly beds through -32X
Unit VI
Cores 112-686B-28X through 112-686B-32X; depth, 255.5-303.0
mbsf,

Unit VI closely resembles Unit IV in that the unit is largely
bioturbated and contains distinctive shelly mollusk beds (Fig.
24) as well as dispersed mollusk fragments in burrowed diato-
maceous muds and silts, the dominant lithologies of the unit.
Interspersed with these burrowed muds and silts are the shelly
beds noted above and a few thin (10-15 cm) beds of gray sand.
The shelly beds contain concentrations of bivalves and gastro-
pods (including distinctive “slipper” gastropods) as well as re-
mains of crustaceans and fish.

In contrast to all other units, completely unbioturbated, lami-
nated diatomaceous muds are very rare and thin in Unit VI (Fig.
25). A 1-cm-thick, white volcanic ash layer occurs in Sample
112-686B-29X-2, 65-66 cm. Both authigenic calcite and dolo-
mite are present th