11. SITE 679!

Shipboard Scientific Party?

HOLE 679A

Date occupied: 1015 hr L, 31 October 1986

Date departed: 1950 hr L, 31 October 1986

Time on hole: 9 hr 35 min

Position: 11°03.52'S, 78°15.92'W

Water depth (sea level; corrected m, echo-sounding): 439.5
Water depth (rig floor; corrected m, echo-sounding): 450
Bottom felt (m, drill pipe): 434.2

Penetration (m): 7.0

Number of cores: |

Total length of cored section (m): 7.0

Total core recovered (m): 7.0

Core recovery (%): 100

Oldest sediment cored
Depth (mbsf): 7.0
Nature: foraminifer and nannofossil mud
Age: Quaternary

1 Suess, E., von Huene, R., et al., 1988. Proc. ODB Init. Repts., 112: College
Station, TX (Ocean Drilling Program).

2 Erwin Suess (Co-Chief Scientist), Oregon State University, College of Ocean-
ography, Corvallis, OR 97331; Roland von Huene (Co-Chief Scientist), U.S. Geo-
logical Survey, Branch of Pacific Marine Geology, 345 Middlefield Rd. M/S 999,
Menlo Park, CA 94025; Kay-Christian Emeis (ODP Staff Scientist), Ocean Drill-
ing Program, Texas A&M University, College Station, TX 77843; Jacques Bour-
gois, Département de Géotectonique, Université Pierre et Marie Curie, 4 Place
Jussieu, 75230 Paris Cedex 05, France; José del C. Cruzado Castafieda, Petroleos
del Peru S. A., Paseo de la Republica 3361, San Isidro, Lima, Peru; Patrick De
Wever, CNRS, Laboratoire de Stratigraphie, Université Pierre et Marie Curie, 4
Place Jussieu, 75230 Paris Cedex 05, France; Geoffrey Eglinton, University of
Bristol, School of Chemistry, Cantock’s Close, Bristol BS8 1TS, England; Robert
Garrison, University of California, Earth Sciences, Applied Sciences Building,
Santa Cruz, CA 95064; Matt Greenberg, Lamont-Doherty Geological Observa-
tory, Columbia University, Palisades, NY 10964; Elard Herrera Paz, Petroleos del
Peru, S. A., Paseo de la Republica 3361, San Isidro, Lima, Peru; Phillip Hill, At-
lantic Geoscience Centre, Bedford Institute of Oceanography, Box 1006, Dart-
mouth, Nova Scotia B2Y 4A2, Canada; Masako Ibaraki, Geoscience Institute,
Faculty of Science, Shizuoka University, Shizuoka 422, Japan; Miriam Kastner,
Scripps Institution of Oceanography, SVH, A-102, La Jolla, CA 92093; Alan
E. S. Kemp, Department of Oceanography, The University, Southampton SO9
5NH, England; Keith Kvenvolden, U.S. Geological Survey, Branch of Pacific Ma-
rine Geology, 345 Middlefield Rd., M/S 999, Menlo Park, CA 94025; Robert Lan-
gridge, Department of Geological Sciences, Queen’s University at Kingston, On-
tario K7L 3A2, Canada; Nancy Lindsley-Griffin, University of Nebraska, Depart-
ment of Geology, 214 Bessey Hall, Lincoln, NE 68588-0340; Janice Marsters,
Department of Oceanography, Dalhousie University, Halifax, Nova Scotia B3H
4J)1, Canada; Erlend Martini, Geologisch-Paldontologisches Institut der Univer-
sitiit Frankfurt, Senckenberg-Anlage 32-34, D-6000, Frankfurt/Main, Federal Re-
public of Germany; Robert McCabe, Department of Geophysics, Texas A&M Uni-
versity, College Station, TX 77843; Leonidas Ocola, Laboratorio Central, Insti-
tuto Geofisico del Peru, Lima, Peru; Johanna Resig, Department of Geology and
Geophysics, University of Hawaii, Honolulu, HI 96822; Agapito Wilfredo San-
chez Fernandez, Instituto Geologico Minero y Metalurgico, Pablo Bermudez 211,
Lima, Peru; Hans-Joachim Schrader, College of Oceanography, Oregon State
University, Corvallis, OR 97331 (currently at Department of Geology, University
of Bergen, N-5000 Bergen, Norway); Todd Thornburg, College of Oceanography,
Oregon State University, Corvallis, OR 97331; Gerold Wefer, Universitit Bremen,
Fachbereich Geowissenschaften, Postfach 330 440, D-2800 Bremen 33, Federal Re-
public of Germany; Makoto Yamano, Earthquake Research Institute, University
of Tokyo, Bunkyo-ku, Tokyo 113, Japan.

HOLE 679B

Date occupied: 2030 hr L, 31 October 1986

Date departed: 0700 hr L, 1 November 1986

Time on hole: 10 hr 30 min

Position: 11°03.80'S, 78°16.34'W

Water depth (sea level; corrected m, echo-sounding): 450.5
Water depth (rig floor; corrected m, echo-sounding): 461
Bottom felt (m, drill pipe): 458

Penetration (m): 107.2

Number of cores: 13

Total length of cored section (m): 107.2

Total core recovered (m): 103.01

Core recovery (%): 96.1

Oldest sediment cored
Depth (mbsf): 107.2
Nature: diatomaceous mud
Age: Pliocene
Measured velocity (km/s): 1.5

HOLE 679C

Date occupied: 0700 hr L, 1 November 1986

Date departed: 1245 hr L, 1 November 1986

Time on hole: 5 hr 45 min

Position: 11°03.81'S, 78°16.33' W

Water depth (sea level; corrected m, echo-sounding): 450.5
Water depth (rig floor; corrected m, echo-sounding): 461
Bottom felt (m, drill pipe): 458

Penetration (m): 75.5

Number of cores: 8

Total length of cored section (m): 75.5

Total core recovered (m): 69.78

Core recovery (%): 92.4

Oldest sediment cored
Depth (mbsf): 75.5
Nature: diatomaceous mud
Age: Pliocene
Measured velocity (km/s): 1.5

HOLE 679D

Date occupied: 1245 hr L, 1 November 1986

Date departed: 1315 hr L, 2 November 1986

Time on hole: 24 hr 30 min

Position: 11°03.83'S, 78°16.33'W

Water depth (sea level; corrected m, echo-sounding): 439.5
Water depth (rig floor; corrected m, echo-sounding): 450
Bottom felt (m, drill pipe): 461.7
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Penetration (m): 245.4

Number of cores: 27

Total length of cored section (m): 245.4
Total core recovered (m): 116.8

Core recovery (%): 47.6

Oldest sediment cored
Depth (mbsf): 245
Nature: sandy mud
Age: late Miocene
Measured velocity (km/s): 1.6

HOLE 679E

Date occupied: 1315 hr L, 2 November 1986

Date departed: 0400 hr L, 5 November 1986

Time on hole: 62 hr 45 min

Position: 11°03.78'S, 78°16.34' W

Water depth (sea level; corrected m, echo-sounding): 450.8
Water depth (rig floor; corrected m, echo-sounding): 461.3
Bottom felt (m, drill pipe): 461.7

Penetration (m): 359.3

Number of cores: 13

Total length of cored section (m): 114.0

Total core recovered (m): 36.3

Core recovery (%): 31.8

Oldest sediment cored
Depth (mbsf): 356.3
Nature: black fissile shale
Age: middle Miocene
Measured velocity (km/s): 2.04

Principal results: Site 679 is located at the seaward edge of an outer
shelf mud lens that formed under the influence of the Peru coastal
upwelling system. Sediments beneath this facies extend seaward across
the upper-slope forearc basins to the outer continental margin. Cor-
ing at Site 679 sampled records of coastal upwelling and of the verti-
cal tectonic motion of the continental shelf associated with Andean
orogeny.

Five holes were drilled at Site 679. Hole 679A, an operational
test necessitated by the shallow water depth, consisted of one core
containing olive-green diatomaceous mud with abundant calcareous
and phosphoritic interbeds. Hole 679B penetrated Quaternary, ol-
ive-gray, diatom-foraminifer mud between 0 and 45 mbsf and Plio-
cene, olive to black, diatomaceous mud between 45 and 107 mbsf.
Hole 679C, with 95% recovery, was devoted to whole-round sam-
pling. In Hole 679D, the same stratigraphic sequence was drilled a
third time, with a similar high rate of recovery. Below 107 mbsf,
however, recovery declined within an upper Miocene unit of the same
overall lithology of olive-gray to dark gray diatomaceous mud, silt,
and fine sand that contained phosphorite, opal-CT, and dolomite
layers. Induration and cementation eventually caused the APC core
barrel to stick during our one attempt to improve recovery at 245
mbsf. Although low recovery continued, an upper Miocene series of
light- to dark-gray mudstones and siltstones having calcite cementa-
tion was recovered.

At 225 mbsf a change in lithology marks a major unconformity
between the upper and middle Miocene, below which sonic velocities
are higher, especially in the calcite-cemented section near the top. At
338 mbsf the lithology changed to a very dark gray shale. At the bot-
tom of the hole this unit contained low concentrations of thermo-
genic hydrocarbons (C, to C+ and methane) within a thin silt layer
and in traces disseminated throughout a dark gray shale. Thus, drill-
ing stopped about 100 m above the basement target. An excellent
suite of logs gave no indication of unusual lithologies in unrecovered
intervals and confirmed depths to major unconformities. However,
by suspending drilling at this hole, we failed to answer questions
concerning the origin of this unconformity and the age of the trans-
gressive sequence above it.
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At Site 679 the compressed stratigraphic section contains a rec-
ord of late Neogene and Quaternary coastal upwelling. The sparse
clastic influx, relative to the rate at which the organic-rich upwelling
facies accumulates, produces a chemical environment conducive to
the rapid formation of dolomites, phosphates, and sulfides during
early stages of diagenesis. The absence of bioturbation, resulting
from oxygen-deficient bottom water, beautifully preserves primary
sedimentary structures characteristic of the hemipelagic environment.
Also preserved are subsequently formed fluid-escape structures and
microfaults related to the extensional and shear deformation from
the downslope movement of gravity.

Underlying the upwelling facies is a facies dominated by turbi-
dites with terrigenous and near shore characteristics. This section
contains pore fluids significantly diluted by fresh water that may have
migrated or been buried there. The two facies are separated by an
unconformity between the upper and middle Miocene that appears
as a prominent marker zone at the base of the strata covering the
midslope of this margin. The late Neogene age of these slope strata,
being much younger than previously inferred, indicates a more rapid
rate of vertical tectonism across the Peruvian margin than has been
assumed.

BACKGROUND AND SCIENTIFIC OBJECTIVES

The transect of holes across the Peruvian margin at 11°S lat-
itude was designed to address the full scope of tectonic and
paleoceanographic objectives of Leg 112 in the southern area,
which will be compared with results along a northern transect at
about 9°8 latitude. Site 679 was located so as to provide the ma-
jor reference section between the Salaverry Basin on the upper
slope and the Lima Basin on the midslope (Hussong et al.,
1985; Kulm et al., 1981) (Figs. 1 and 2). Three APC holes were
cored at this site to provide enough samples for high-resolution
studies of the Quaternary sediment sequence in the area of
strongest Holocene coastal upwelling (Suess and Thiede, 1983;
Suess et al., 1987); the last of these holes was extended by XCB
drilling to crystalline basement and was expected to provide a
sample record from Quaternary to Paleozoic time. The other
holes were targeted to penetrate between 100 and 200 mbsf, Seis-
mic data across the site indicated basement at about 600 m,
whereas the section in the midslope area was 1200 m thick. The
section in this area is greatly compressed.

A major tectonic objective at Site 679 was to establish (at the
most landward part of the traverse) a history of vertical motion
associated with the Andean orogeny. The sedimentary section
here is generally flat and undeformed, except by small normal
faults in seismic records. The adjacent coastline shows evidence
of uplift, whereas seaward the continental slope shows evidence
of subsidence, indicated by possible subareal erosion in pro-
nounced angular unconformities. Thus, the site appears to be in
a pivotal position with regard to vertical tectonism (Kulm et al.,
1981; von Huene et al., 1985). Other tectonic and sedimentolog-
ical questions have to do with the origin of high-amplitude re-
flections in seismic records that may mark significant geological
events. A reflection at about 200 m (0.2 s) at the site corre-
sponds to the base of a unit that thickens dramatically in the
midslope area. Environmental conditions in this area, which
produced sedimentary strata rising from almost 1 km deep to
the seafloor, may reflect an unusual current regime in the past.
Another reflection at about 500 m (0.45 s) defines the top of a
profound angular unconformity beneath the midslope area. The
strong reflection (presumed to be from the top of the crystalline
basement) can be followed downslope to the vicinity of the trench
axis. Thus, this first penetration of the stratigraphy (which pro-
duced a fascinating reflective sequence) by also providing the
corresponding biostratigraphy and lithostratigraphy should re-
veal details of the geology of the front of the Andean margin
(von Huene et al., 1985).

Site 679 is located at the seaward edge of a pronounced
upper-slope mud facies, which underlies one of the persistent
coastal upwelling centers of the Peru margin. The position of
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Figure 1. Bathymetry of Peru Continental Margin and sediment thickness along upper slope; depths are in intervals 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; The
proposed drill sites for Leg 112 were (1) Transect 9°S: 9A, 10, 14, and 17A; (2) Transect 11°S: 1, 3, 3A, 5, 7A, 8; and (3)
Transect 13°S: 2, 2A, 2C, 2D, 4A, 4B, 4C, 4D. Estimated sediment thickness from Couch et al., 1985,

this lithologic unit at upper-slope water depths is now controlled
by the poleward-flowing undercurrent, the on- and offshore Ek-
man flow, and the upper-slope and shelf morphologies (Kulm et
al., 1984; Suess et al., 1987). The upwelling record at the depo-
sitional center of this lithologic unit was cored at Sites 680 and
681 later. Our objectives for sampling at Site 679 along the edge
of this unit were (1) to provide data for reconstructing the cur-
rent and upwelling regimes during times of different sea-level
stands and (2) to provide a link to the depositional history as re-
corded in the midslope basin. We assumed that the depositional
center of past upwelling facies was situated beneath or farther
downslope of Site 679 during lowered sea levels. During higher
sea-level stands, the sediments deposited here should be similar

to a midslope environment, and the upwelling facies would be
found farther upslope.

The organic-rich mud facies deposited at Site 679 undergoes
diagenesis in chemically reducing environments (Baker and
Burns, 1985; Baker and Kastner, 1981). Depending upon the
rate of sediment accumulation and the burial rate of organic
matter, this environment should be dominated by either micro-
bial sulfate reduction or methanogenesis. During each of these
conditions, “organic” dolomites that have characteristic stable-
isotope signatures and mineral chemistries form (Garrison et
al., 1984; Irwin et al., 1977; Suess et al., 1987). Site 679 should
provide information from interstitial-water and gas composi-
tions about the prevailing chemical environment during early
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Figure 2. Bathymetry and sediment isopachs along Peru Continental Margin at 11°S; Site 679 is located
seaward of the thick (>2.5 km) Salaverry Basin sediments.

diagenesis and thus define in more detail the conditions of for-
mation of organic dolomites (Claypool and Kaplan, 1974).

OPERATIONS

After testing our new steering gear at about 2200 hr (local
time), the JOIDES Resolution left the Callao area on a north-
erly course for a position about 12 nmi east of our site survey.
The transit and turn to the site were accomplished using satellite
navigation because our global positioning system (GPS) did not
receive satellite fixes. We turned and reduced speed to 6 kt at
0645 hr, 31 October 1986, and began our survey. The seismic
system, which could not record anything readable at 10 kt, be-
gan to show about 0.6 s of sediment, enough to reach basement
depth. Only one 80-in.? water gun was deployed. The 3.5-kHz
transducer displayed reflections to a depth of about 40 m in the
CESP mode. Enough geophysical data were displayed in real
time to pinpoint the desired mud lens and to avoid faults at lev-
els that met our depth objectives. These data were used to locate
the site instead of the position suggested by pre-cruise site data
because the precision of those data sets was only about 1 mi
(Fig. 3). A spar-buoy was deployed at 0831 hr in a water depth
of 441 m on the precision depth recorder (PDR); the ship con-
tinued on course and recorded geophysical data until 0850 hr.
At this time we retrieved our seismic gear; the ship then came
about on a reciprocal course to deploy a beacon on a wire at the
spar-buoy position. This beacon was in place at 1015 hr, and the
first core came on board at about 1540 hr. Mud-line depth was
established at 452.2 m. However, owing to a bent core barrel
and a shredded liner, we checked our depth and the ship’s posi-
tion. We established that the ship had moved about 0.9 nmi in a
southeasterly direction since the deployment of the beacon and
that the depth had shoaled by about 7 m. Once our beacon po-
sition was stabilized, we tried another piston core, which re-
sulted only in our recovering phosphate nodules and a broken
core-liner. Because the beacon’s position was probably off the
seismic record and we encountered unfavorable coring condi-
tions, we decided to pick up the beacon and drill pipe and move
to the nearest point on the plotted seismic line. Hole 679B was
spudded at a water depth of 434 m and was drilled to 107 m
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mbsf. At that depth the piston core barrel became stuck and
could no longer be retrieved. This ended any further drilling.
The ship then moved 50 ft shoreward, where Hole 679C was pis-
ton-cored to a refusal depth of 75 m. The ship moved another
50 ft shoreward, where Hole 679D was drilled (Table 1).

After 12 piston cores, we continued drilling using the ex-
tended-core barrel (XCB) because of multiple hard layers that
made piston-coring and deployment of in-situ sampling devices
impossible. Once we penetrated this hard material, we tried to
piston-core at 245 m, which resulted in a stuck core barrel; we
then abandoned the hole. In hindsight, our logs showed a major
unconformity at this depth with some unrecovered materials
having a high sonic velocity. After moving another 50 ft, Hole
679E was spudded and washed to 245 m, the total depth of the
previous hole. Coring continued to 356 m with improved recov-
ery until high concentrations of methane and thermogenic hy-
drocarbon species contained in a black fissile shale forced us to
stop drilling for reasons of safety. We prepared the hole for log-
ging, made three successful logging runs, and then cemented the
hole for safety reasons. Just before 0400 hr on 5 November
1986, the ship departed for the next site after shooting a short
seismic line across Site 679D.

LITHOSTRATIGRAPHY AND SEDIMENTOLOGY

Introduction

The sediments recovered at Site 679 are divided into five lith-
ologic units, based on visual core descriptions and smear-slide
analyses (Fig. 4 and Table 2). Each of these units is described in
detail.

Unit I
Core 112-679A-1H-1; depth, 0-7 mbsf; age, Holocene-Pleistocene.
Cores 112-679B-1H-1 through 112-679B-5H, CC; depth, 0-44.5 mbsf;
age, Holocene-Pleistocene.
Cores 112-679D-1H-1 through 112-679D-5H, CC; depth, 0-45.9
mbsf; age, Holocene-Pleistocene.

Unit I consists mainly of diatomaceous-foraminifer mud that
is olive, olive gray, dark olive, dark gray, or black. The upper
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Figure 3. Track chart showing location of Site 679.

few tens of centimeters of Unit I are soupy down to the top of a
prominent ash layer that occurs from 62 to 73 ¢m in Core 112-
679A-1H, from 37 to 42 ¢cm in Core 112-679B-1H, and from 57
to 67 cm in Core 112-679D-1H; below this marker ash layer, the
sediment is mostly firm. Three components dominate this sedi-
mentary unit: clay (20%-80%), diatoms (20%-95%), and fora-
minifers (0%-55%). The carbonate content of this unit varies
from 2% to 76.4% (Fig. 5). The sediment varies in character
from massive to laminated. The laminations are of two main
types. The most prominent are thin (0.5-1.0 cm), light yellow
layers having concentrations of diatoms ranging up to 95% and
sparse nannofossils. More common are thin (1-4 cm), graded
layers having sharp, erosional basal contacts. Concentrations of
foraminifer tests make up the base of these layers that grade up-
ward into a clay-rich upper part. Both types apparently resulted
from periodic winnowing events. No large burrows were noted
in Unit 1.

Gray vitric-ash layers 2 to 10 cm thick occur sporadically in
Unit I. Dolomite occurs as disseminated rhombs as well as thin
layers and small nodules. Phosphate occurs throughout the unit
in two forms: (1) as friable cream-colored layers and small nod-
ules (Fig. 6) and (2) as hard, dark nodules and peloids. Phos-
phate nodules are particularly common in Cores 112-679B-1H
through 112-679B-4H and in Core 112-679D-4H. A 3-cm-thick
layer of amber-colored opal-CT chert occurs in Sample 112-
679D-3H-2, 93-96 cm (19.8 mbsf).

Benthic-foraminifer assemblages indicate that deposition of
Unit I occurred at middle to upper bathyal depths in an oxygen-
minimum environment (see “Biostratigraphy” section, this chap-
ter).

Unit 11

Cores 112-679B-6H-1 through 112-679A-12H, CC; depth, 44.5-106.8
mbsf; age, Pleistocene-Pliocene.

Cores 112-679D-6H-1 through 112-679D-11H-6, 45 cm; depth, 45.9-
101.3 mbsf; age, Pleistocene-Pliocene.

Diatomaceous mud is the dominant lithology of lithologic
Unit II. The major components are clays (40%-70%) and dia-

78°10" 78°00°

tom frustules (25%-50%); silt-sized quartz, feldspar, and authi-
genic pyrite are minor but common components. Color ranges
from olive to dark gray to black. Carbonate contents are gener-
ally less than 5% (Fig. 5). As in Unit I, this sediment varies
from massive to thinly bedded to laminated, with thin, diatom-
rich, yellow laminae and thin, graded layers that record periodic
winnowing by bottom currents. Dewatering veins and micro-
faults occur throughout the unit (see the discussion). We ob-
served no burrows in Unit II.

Minor lithologies of Unit II are similar to those in Unit I.
Gray ash layers, 3 to 25 cm thick, occur throughout the unit;
these are particularly common in Cores 112-679B-10H and
112-679D-10H, which may be correlative. Dolomite occurs as
sparse, thin layers and small nodules (Fig. 7). Phosphate nod-
ules are more abundant. These are distributed regularly through-
out the unit, occurring as small, friable, light-colored nodules
and as hard, dark nodules. The latter appear to be reworked;
this is particularly evident in Core 112-679D-11H, where such
nodules are concentrated in lag deposits above sharp erosional
contacts in three thin beds.

Analysis of benthic-foraminifer assemblages suggests that de-
position of Unit II was at upper bathyal depths in a low-oxygen
environment. These assemblages also contain elements resed-
imented from shallower water (see “Biostratigraphy” section,
this chapter).

Unit IIT

Core 112-679B-13H; depth, 106.8-107.2 mbsf; age, early Pliocene-
late Miocene.

Samples 112-679D-11H-6, 45 cm, through 112-679D-26X, CC; depth,
101.3-235.9 mbsf; age, early Pliocene-late Miocene.

Substantial amounts of fine clastic sediment characterize lith-
ologic Unit III, which consists of interbedded thin layers of dia-
tomaceous mud, silt, and fine sand. A coarse conglomeratic
layer (or layers) apparently occurs near the top of the unit; drill-
ing breccias at the top of Cores 112-679B-13H and 112-679B-
12H contain fragments of dolomite, phosphorite, volcanic rock,
and chert that are apparently derived from this layer. Prominent
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Table 1. Coring summary for Site 679, Leg 112.

Length Length
Date Time Depth cored  recovered Recovery
Core (1986) (L) (mbsf) (m) (m) (%)
Hole 679A
IH 31 October 1735 0 7.0 7.0 7.00 100.0
Hole 679B
1H 31 October 2135 0 6.5 6.5 6.50 100.0
2H 31 October 2210 6.5 16.0 9.5 9.97 105.0
3H 31 October 2230 16.0 25.5 9.5 9.81 103.0
4H 31 October 2255 25.5 35.0 9.5 9.95 105.0
5H 31 October 2315 35.0 44.5 9.5 9.86 104.0
6H 31 October 2340 44.5 54.0 9.5 9.92 104.0
TH | November 00035 54.0 63.5 9.5 9.89 104.0
8H 1 November 0215 63.5 73.0 9.5 9.77 103.0
SH | November 0305 73.0 82.5 9.5 9.88 104.0
10H 1 November 0325 82.5 92.0 9.5 9.70 102.0
I11TH 1 November 0350 92.0 101.5 9.5 2.01 21.1
12ZH 1 November 0450 101.5 106.8 5.3 5.33 100.0
13H 1 November 0540 106.8 107.2 0.4 0.40 100.0
Hole 679C
1H | November 0835 0 9.0 9.0 9.00 100.0
2H | November 0855 9.0 18.5 9.5 9.50 100.0
3H | November 0938 18.5 28.0 9.5 9.50 100.0
4H 1 November 1000 28.0 37.5 9.5 9.60 101.0
5H | November 1023 17.5 47.0 9.5 5.88 61.9
6H | November 1053 47.0 56.5 9.5 7.71 81.1
TH 1 November 1118 56.5 66.0 9.5 9.16 96.4
8H 1 November 1136 66.0 75.5 9.5 9.43 99.2
Hole 679D
IH | November 1410 0 7.9 7.9 7.85 99.3
2H 1 November 1430 1.9 17.4 9.5 9.43 99.2
iH I November 1450 17.4 26.9 9.5 9.59 101.0
4H 1 November 1535 26.9 36.4 9.5 9.37 98.6
5H 1 November 1730 364 45.9 9.5 6.57 69.1
6H | November 1815 45.9 55.4 9.5 7.63 80.3
TH | November 1900 55.4 64.9 9.5 9.56 100.0
8H 1 November 1945 64.9 74.4 9.5 9.22 97.0
9H | November 2020 74.4 83.9 9.5 B.73 91.9
10H | November 2050 83.9 93.4 9.5 5.91 62.2
ITH | November 2135 934 102.9 9.5 8.88 93.5
12H 1 November 2205 1029 104.4 1.5 1.53 102.0
13X 1 November 2345 104.4 113.9 9.5 2.12 223
14X 2 November 0030 113.9 123.4 9.5 j.02 31.8
15X 2 November 0115 123.4 1329 9.5 1.80 18.9
16X 2 November 0153 132.9 142.4 9.5 0.24 2.5
17X 2 November 0230 1424 151.9 9.5 2.38 25.0
18X 2 November 0320 151.9 161.4 9.5 4,27 4.9
19X 2 November 0410 161.4 170.9 9.5 .57 37.6
20X 2 November 0458 1709 180.4 9.5 2.04 21.5
21X 2 November 0600 180.4 188.4 8.0 0.21 2.6
22X 2 Movember 0717  188.4 197.9 9.5 0.19 2.0
23X 2 November 0BOO 1979 2074 9.5 0.25 2.6
24X 2 November 0900 2074  216.7 9.3 0.44 4.7
25X 2 November 0945 2169 226.4 9.5 0.30 3.2
26X 2 November 1030 2264 2359 9.5 0.93 9.8
27X 2 November 1150 2359 2454 9.5 0 0
Hole 679E
1X 3 November 0228 2453 251.8 6.5 0.15 2.3
2X 3 Movember 0348  251.8  261.3 9.5 1.30 13.7
X 3 November 0445  261.3  270.8 9.5 1.83 19.2
4X 3 November 0620 270.8  280.3 9.5 5.09 53.6
5X 3 November 0735 280.3  289.8 9.5 6.74 70.9
6X 3 November 0850 289.8 299.3 9.5 4.62 48.6
X 3 November 1050 2993  308.8 9.5 2.27 239
8X 3 November 1250  308.8 3183 9.5 239 25.1
9X 3 November 1630 318.3 327.8 9.5 1.44 15.1
10X 3 November 1918 327.8 3373 9.5 4.23 44.5
11X 3 November 2200 337.3 346.8 9.5 3.42 36.0
12X 4 November 0010 346.8  356.3 9.5 2.44 25.7
13X 4 November 0150 356.3 359.3 3.0 0.38 12,6

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

positive inflections on the resistivity, sonic, and gamma-ray logs
between 104 and 107 mbsf may record this layer (uranium-bear-
ing phosphorite layers could be responsible for the gamma-ray
spike; see “Logging” section, this chapter).
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Although the diatomaceous muds of Unit III resemble those
of the overlying units, they differ by having higher proportions
of silt- and sand-sized grains. These muds are dark olive to dark
gray to black and are massive to laminated. Silt and fine sand,
containing abundant quartz, feldspar, and diatoms, occur in thin
layers that are laminated to cross-laminated. These structures
are particularly well developed in Core 112-679D-19X, where
(as in the described following) they resemble hummocky cross-
stratification and suggest reworking by wind-forced currents.
Some silt and sand layers are cemented by calcite. A prominent
positive inflection of the sonic log between 186.5 and 188.5
mbsf is interpreted to reflect such cementation. Core 112-679D-
22X recovered 10 cm of hard, calcite-cemented sandstone (and
little else) at a depth of 188.4 mbsf.

Dolomite and phosphate nodules are less abundant compared
with the previous lithologic units. Most phosphate occurs as
hard, dark nodules and peloids in conglomeratic, sandy layers;
light-colored phosphate nodules in diatomaceous mud are rare.
As detailed in the “Logging” section (this chapter), a series of
prominent positive inflections on the gamma-ray log appears to
record at least five cycles between 104 and 162 mbsf in Unit I11.
Core recovery from this interval was poor, but cycle 1 appears to
correlate with dark phosphate nodules recovered in Cores 112-
679B-11H and 112-679B-12H and in Cores 112-679D-12H
through 112-679D-14X; cycle 2 correlates with phosphate nod-
ules in the lower part of Core 112-679D-14X and in Core 112-
679D-15X; cycle 4 correlates with phosphate nodules in Cores
112-679D-17X and the upper part of 112-679D-18X; and the
upper part of cycle 5 correlates with Core 112-679D-18X-3 (cy-
cle 3 does not appear to have been recovered). Although correla-
tion is imperfect (perhaps partly because of incomplete core re-
covery), this tentative correlation suggests that the gamma-ray
spikes may indicate the positions of reworked phosphate nod-
ules. Moreover, we speculate that these phosphatic conglomer-
ates record hiatuses, current reworking, or other changes in the
sedimentary regime. These possibilities indicate the potential of
gamma-ray logging for stratigraphic and paleoceanographic
work.

As in Units I and II, we noted no obvious evidence of bur-
rowing by large animals. As detailed in the “Biostratigraphy”
section (this chapter), the foraminifer assemblages in Unit III
are dominated by forms transported into the depositional envi-
ronment from shallow water.

Unit IV

Cores 112-679E-1X through 112-679E-11X-1, 30 cm; depth, 245.3-
337.6 mbsf; age, middle to late Miocene(?).

Unit IV consists of interlayered organic-rich gray to dark
gray mud, mudstone, and siltstone in which microfossils are ab-
sent to exceedingly rare. Some siltstone layers are cemented by
calcite; this may account for the prominent inflections on the re-
sistivity, sonic, and gamma-ray logs between 252 and 256 mbsf
corresponding to the top of lithologic Unit IV.

Smear-slide analyses revealed that many of the mud layers
consist largely of clay minerals (70%-80%) having only small
amounts of detrital silt and no microfossils. Composition of
these siltstone layers is dominated by quartz, rock fragments,
and feldspar (mostly plagioclase). A few small, light brown, fri-
able phosphate nodules occur in this unit.

Although recovery from this unit was poor, a few cores con-
tain bedding sequences and structures. Cross-lamination and
thin (3-7 cm), graded turbidite beds are present in Cores 112-
679E-4X, 112-679E-5X, 112-679E-6X, and 112-679E-11X, along
with minor small burrows and microfaults.

Unit V

Cores 112-679E-11X-1, 30 ¢m, through 112-679E-13X, CC; depth,
337.6-359.3 mbsf; age, middle Miocene.
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Figure 4, Lithologic units at Site 679.

Unit V is composed of finely laminated, fissile black shale,
which in places contains abundant foraminifers; thin laminae of
fine sand; and small, scattered, light-colored phosphate nodules.
Weak to strong ultraviolet fluorescence in Cores 112-679E-12X
and 112-679E-13X suggests the presence of hydrocarbons. Ben-
thic foraminifer assemblages suggest deposition at upper bathyal
depths. The presence of genera such as Bolivina and Bolimi-
nella may indicate a low-oxygen environment (see “Biostratigra-
phy” section, this chapter).

Clastic Lithologies

The sand and sandstone stratigraphy of Site 679 is not well
defined because recovery was poor in unconsolidated sections;

Total depth 245.2 m

much of the sediment was flushed by drilling circulation. Con-
sequently, sedimentary structures were obliterated and bedding
disrupted.

A thick, terrigenous sand bed within the laminated diatoma-
ceous muds of Unit II was encountered at Samples 112-679B-
5H-6, 28 cm, and 112-679D-5H-4, 118 cm, providing an obvi-
ous correlative lithology between the two holes. This bed is esti-
mated to be between 1 to 5 m thick; it moves upward abruptly
into well-laminated diatomaceous muds (typical of Unit II) but
is underlain by several meters of massive to faintly laminated
muds. A sand bed more than 60 cm thick was encountered in
Core 112-679D-12H-1. This bed is succeeded by more than
100 cm of sandy mud—homogeneous, gray, and micaceous—
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Table 2. Lithologic units at Site 679.

Approximate

depth
Unit Lithology Range (mbsf)
I Diatomaceous-foraminifer mud,  112-679B-1H through -5H 0-45
olive to dark gray 112-679D-1H through
-5H
1 Diatomaceous mud, olive to 112-679B-6H through -12H 45-101
black 112-679D-6H through
112-679D-11H, 45 ¢cm
111 Interlayered dark olive gray silty  112-679B-13H 101-245
diatomaceous mud and 112-679D-11H-6, 45 cm
dark olive to very dark gray through 112-679D-26X
silt and fine sand
v Mudstone and silistone, gray to 112-679E-1X through 245-338
dark gray, in thin graded 112-679E-11X-1, 30 cm
beds with sporadic calcite
cementation
v Shale, very dark gray, lami- 112-679E-11X-1, 30 cm 338-359
nated, fissile through
112-679E-13X, CC
=
17
o
E
£
a
O
a
200— —
No recovery
------ A Hole 6798
——@ Hole 679D
300 ——=a Hole 679E =i
L I | | |
4] 20 40 60

Carbonate (%)

followed by an additional 25 cm of sand, which signifies an in-
terval of intensified terrigenous input within the laminated dia-
tomaceous unit.

At Hole 679E, a thick turbidite sequence extends about 65 m
from Cores 112-679E-4X through 112-679E-10X. In the seismic
section, these strata are folded and possibly reverse-faulted, but
we observed negligible deformation in the cores at this scale.
The turbidite strata were broken into coherent drill biscuits dur-
ing the coring process; however, complete depositional events
can be reconstructed across the biscuits in many instances. The
beds range from 2 to 30 cm thick and display basal scouring,
grading, and the low-energy parts of Bouma sequences—pri-
marily T,.4es Thedes Tedes @and Ty.—corresponding to Facies D of
Mutti and Ricci-Lucchi (1972). Without more regional control
of samples we cannot define the environment of deposition more
precisely. Fine-grained, low-energy turbidites are not restricted
to distal environments; they may occur reasonably close to a
sediment source if (1) laterally removed to interchannel basins,

Depth (mbsf)

A~ -
] o
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8 - ]
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Figure 5. Carbonate contents of sediments at Site 679 (see Table 3). A) Plot of data for Holes 679B, 679D, and 679E. B) Carbonate contents in the
upper 10 m of Unit I.
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Figure 6. Layer of light-colored, friable phosphate nodules in Unit I
(112-679B-2H-5).

(2) elevated on topographic highs, or (3) isolated by structural
barriers. Coarser-grained intervals also may have been preferen-
tially washed out by drilling, thereby biasing the recovery record.

Invariably, the sands encountered in all holes and facies at
Site 679 are both compositionally and texturally immature. Ar-
gillaceous content (silt and clay) ranges continuously from 20%
through sandy and silty mud lithologies; individual grains are
angular with fresh cleavage and fracture surfaces. The light com-
ponents typically contain about 50% volcanic lithic grains that
indicate microlitic and pumiceous flow textures and about 50%
quartz and feldspar in equal amounts. The heavy mineral com-
ponents include biotite, hornblende, pyroxenes, opaques, and
epidote. Source rocks were clearly dominated by thick volcanic
and volcaniclastic sequences that accumulated during Mesozoic
and Cenozoic time in the High Andean Cordillera and its west-
ern foothills. Although Site 679 is situated directly above the
offshore projection of the Peruvian Coast Range, the pre-An-
dean crystalline basement rocks of this structure have appar-
ently contributed little detritus to this site during the time repre-
sented by the cored intervals, which might have occurred if struc-
tural blocks were locally exposed along the strike.

Sandy lithologies are locally cemented by fine-grained carbon-
ate at several zones in the section (e.g., Samples 112-679D-12H-1,
40-44 cm, and 112-679D-22X, CC [10-25 cm]; 112-679E-3X, CC

SITE 679

cm

30

Figure 7. Light-colored dolomite nodule in diatom-foraminifer mud,
Unit II (112-679B-8H-3).

[20-33 cm], 112-679E-5X-1, 112-115 cm, and 112-679E-12X,
CC [27-33 cm]). The size of the cement crystals ranges from a
few to 15 m. In addition, unconsolidated sands occasionally
contain as much as 40% silt-sized, carbonate rhombs (e.g., Sam-
ples 112-679D-10H, CC [20 cm] and 112-679E-2X-1, 87-98 cm).
These observations suggest that permeable clastic lithologies in-
fluenced the migration pathways of cementing pore fluids.

Carbonate Measurements

We determined the amount of carbonate using samples from
all lithologic units recovered from Site 679. To characterize car-
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bonate minerals further and to estimate relative proportions, we
tentatively determined the ratios of calcite to dolomite, based
on reflection intensities in bulk X-ray diffraction analyses of
samples from Hole 679B. Methods are detailed in the “Explan-
atory Notes” chapter (this volume). Results of carbonate deter-
minations in all holes drilled agree reasonably well and under-
score the validity of hole-to-hole correlations, even though sedi-
mentary structures indicate frequent slumping, debris flow, and
winnowing.

Values of carbonate (given as CaCO, in Table 3) range from
76.4% in Unit I (Sample 112-679D-3H-3, 71-73 cm, 18.11 mbsf),
a foraminifer-rich laminated mud overlying a slump fold, to 0%
in Unit II (Sample 112-679B-10H-4, 67-70 ¢m, 87.7 mbsf), a
volcanic-ash-bearing diatomaceous mud. Based on the carbon-
ate contents, the sediment sequence at Site 679 may be divided
into three parts: (1) an upper carbonate-rich part (Unit I), (2) a
middle carbonate-poor part (Units II and III), and (3) a lower
carbonate-bearing part (Unit IV).

Unit I, the diatom-foraminifer mud of about 45 m thick, is
characterized by relatively high CaCO, contents, with a mean of
about 15% to 20%. Closely spaced sampling of Cores 112-
679A-1H and 112-679B-1H, however, show that the olive dia-
tomaceous muds of Sections 112-679A-1H-1, 112-679A-1H-2,
112-679B-1H-1, and 112-679B-1H-2 are generally low in car-
bonate content (Fig. 5). Carbonate concentrations appear to be
determined primarily by the presence or absence of calcareous
plankton in discrete layers, not by disseminated diagenetic car-
bonate cement.

CaCO; concentrations decrease dramatically to fairly consis-
tent values at about 0.5% in the olive to black diatomaceous
mud of sedimentary Units II and III (top at about 45 m; Fig. 5).
These samples are characterized by low calcite/dolomite ratios,
which might indicate carbonate dissolution and/or dolomite for-
mation. In smear slides of sediments from Unit 1I at Site 679,
dolomite occurs as idiomorphic rhombs disseminated in a sili-
ceous matrix or as micritic aggregates.

Carbonate contents increase in Unit IV; values are about
5%. Because calcareous microfossils are absent to rare in this
unit, carbonate may be in the form of calcite cements, which
were observed in smear slides.

Diagenesis

Phosphates

As noted previously, phosphate occurs in two forms. Light-
colored, friable nodules (Fig. 6) appear to have formed in situ
during replacement of the host diatom mud; we define these as
F-phosphates (friable phosphates). They are well developed in
Units I and II (e.g., Cores 112-679A-1H, 112-679B-1H, and
112-679D-2H) and occur sporadically in Units III through V.
Hard, dense phosphate nodules (defined here as D-phosphates)
having a dark outer rind occur in conglomeratic beds, com-
monly with a basal-scoured contact, and appear to be products
of repeated winnowing and reworking, thus marking hiatuses or
condensed zones. These phosphates are similar to what Euro-
pean stratigraphers refer to as “hiatus concentrations.” They
occur in Unit I and are especially prominent in Unit II (e.g.,
Core 112-679D-1H). D-phosphates appear less abundant in Unit
I11, although poor recovery from this unit makes this uncertain.
As mentioned in the general description of Unit III at the begin-
ning of this section, phosphatic conglomerates appear to occur
in cyclic sequences in the upper part of Unit II1.

Authigenic Carbonates

Dolomite is most abundant in Units I and II and occurs as
(1) disseminated small rhombs in unlithified sediments, (2) as
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Table 3. Carbonate content in sedi-
ments of Site 679, Leg 112.

Sample Depth  CaCOj;
(em) (mbsf) (%)
Hole 679A
1H-1, 50-52 0.50 12.58
1H-1, 57-59 0.57 8.33
1H-1, 67-67 0.65 2.67
1H-1, 107-109 1.07 39.57
1H-1, 115-117 1.15 1.17
1H-2, 46-47 1.96 2.17
1H-2, 77-79 2.27 57.48
1H-2, 134-136 2.84 1.33
1H-3, 50-52 3.50 5.33
1H-3, 51-53 3.51 44.23
1H-3, 66-68 3.66 12.08
1H-3, 100-102 4.00 3.33
1H-3, 148-150 4.48 23.57
1H-4, 50-52 5.00 32.74
1H-4, 100-102 5.50 35.99
1H-4, 148-150 5.98 34.32
1H-5, 50-52 6.50 44.73
1H-5, 100-102 7.00 34.90
Hole 679B

1H-3, 34-36 3.34 1.42
1H-3, 126-128 4.26 42.98
1H-4, 55-57 5.05 5.66
1H-4, 94-96 5.44 3.58
1H-5, 5-7 6.05 53.73
2H-1, 99-101 7.49 1.42
2H-3, 29-31 9.79 0.33

2H-5, 117-119 13.67 1.50
2H-6, 103-105 15.03 7.00
3H-3, 121-123 2021 13.41
IH-4, 34-36 20.84 22,99
3H-4, 49-51 20.99 9.16
3H-4, 100-102 21.59 4.58
3H-5, 118-120 23.18 6.66

3H-6, 118-121 24.68 8.00
3H-7, 20-23 25.20 14.58
4H-1, 45-47 25.95 8.25
4H-2, 45-47 27.45 18.08
4H-3, 45-47 28.95 3.83
4H-4, 37-40 30.37 7.25
4H-5, 45-47 31.95 3.83
4H-6, 45-47 33.45 6.08
4H-7, 45-47 34.95 5.25

5H-1, 109-111 36.09 5.41
5H-2, 109-111 37.59 4.50
5H-5, 109-111 42.09 9.08

5H-6, 25-26 42.75 6.00
5H-6, 52-55 43.02 10.41
6H-6, 54-57 52.54 0.10
6H-6, 114-116 53.14 0.17
7H-2, 51-52 56.01 0.90
TH-6, 67-70 62.17 0.92
8H-2, 69-72 65.69 2.33
8H-4, 75-78 68.75 0.25
8H-4, 124-126 69.24 0.25
8H-6, 87-90 71.87 4.75
9H-2, 58-61 75.08 0.67
YH-6, 59-62 81.09 0.50
10H-2, 85-87 B4.85 1.08
10H-4, 67-70 87.67 0.00
10H-7, 57-61 92.07 0.92
11H-1, 38-41 92.38 1.33
12H-2, 63-66 103.63 1.83
12H-2, 96-98 103.96 1.08
12H-3, 60-63 105.10 0.24
12H-4, 7-9 106.70 2.17

small hard nodules (Fig. 7), and (3) as thin lithified beds (Fig. 8).
Dolomite rhombs first appear in sediments as shallow as 96 cm
below the seafloor (Section 112-679A-1H-1). The shallowest oc-
currence of lithified dolomite is at 20 mbsf (Sample 112-679B-
3H-3, 98-99 cm).



Table 3 (continued).

Sample Depth  CaCO,

(cm) (mbsf) (%o)

Hole 679D

1H-3, 45-47 3.45 2.08
IH-4, 145-150 5.95 1.83
1H-5, 62-65 6.62 36.03
2H-1, 92-95 8.82 0.92
2H-2, 68-70 10.08 0.25
2H-3, 130-133 12.20 5.42
2H-5, 70-72 14.60 33.90
3H-1, 63-65 18.03 18.91
3H-1, 71-74 18.11 27.66
3H-2, 43-45 19.33 13.08
3H-2, 65-68 19.55 22.82
3H-3, 71-73 21.11 76.39
3H-3, 91-93 21.31 9.16
3H-3, 140-150 21.80 13.66
3H-4, 69-71 22.59 6.58
3H-5, 130-132 24.70 14.66
3H-6, 68-71 25.58 10.08
3H-2, 70-73 29.10 1.83
5H-1, 59-61 36.99 7.16
5H-3, 75-78 40.15 14.16
5H-3, 88-90 40.28 2291
5H-4, 70-73 41.60 7.49
6H-1, 112-115 47.02 0.33
6H-2, 57-60 41.97 0.42
6H-3, 65-68 49.55 0.33
6H-3, 140-150 50.30 0.25
6H-5, 68-69 52.58 2.17
TH-2, 77-80 57.67 0.17
TH-4, 64-67 60.54 0.17
8H-2, 66-69 67.06 1.25
8H-4, 81-84 70.21 4.50
8H-6, 83-86 73.23 1.00

9H-3, 140-150 78.80 2.33
10H-2, 85-88 86.25 0.33
11H-1, 56-59 93.96 233

11H-3, 53-56 96.93 1.33
11H-5, 15-17 99.55 1.17
11H-5, 103-106 100.43 1.58
17X-1, 140-150  143.80 3.58
20X-1, 115-125  172.05 2.67
Hole 679E
4X-3, 140-150 275.20 6.51
6X-2, 140-150 292.70 5.92
7X-1, 104-105 300.34 4.50
7X-1, 135-136 300.65 317
7X-1, 140-141 300.70 7.59
TX-1, 147-148 300.77 8.92
7X-2, 15-19 300.95 3.58
TX-CC, 3-4 308.75 8.26
8X-1, 56-57 309.36 10.43
9X-1, 43-44 318.73 27.74
OX-1, 89-90 319.19 5.08
9X-1, 89-93 319.21 5.00
9X-CC, 15-18 327.75 9.17
10X-1, 11-13 327.91 8.33
10X-1, 64-65 328.44 1.67
10X-2, 42-43 329.72 2.08
10X-3, 68-69 331.48 1.17
10X-CC, 23-24  337.25 7.41
11X-1, 108-109  338.38 3.58
11X-CC, 11-12  346.75 3.17
12X-1, 140-150 348.20 4.34

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

Authigenic Silica

The only silica diagenesis we noted was a 3-cm-thick layer
of amber-colored opal-CT chert at 19.8 mbsf (Sample 112-679D-
3H-2, 93-96 c¢m). This layer occurs within a phosphatic band.
Textural evidence that we observed in a thin section indicates
that the phosphate replaced a dolomite-bearing foraminifer sand,
which in turn was replaced in part by opal-CT.
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Figure 8. En-echelon tension gash arrays and dewatering veins, Unit I1.
Light-colored layer is dolomite (112-679B-10H-5, 83-93 cm).

Sedimentary Structures and Processes, Unit III

A distinctive sequence of sand and sandy silt beds occurs in
the lower part of Unit III. Core 112-679D-19X displays this
sequence especially well; Figure 9 is a graphic log of sections
1 and 2 of this core. Although drilling biscuits are pervasive
throughout this core, individual biscuits are large enough so
that one can distinguish real sedimentary structures from the
drilling disturbance. Beds that are thicker than drill-biscuit size
can also be identified, but contacts are often obscured by the in-
trusion of drilling slurry between drill biscuits.

A 3-m upward-fining sequence (recognized in this core; Fig.
9) that moves from moderately to thickly bedded, very fine sand
at the base of Core 112-679D-19X-2 to predominantly silt or
sandy silt in Core 112-679D-19X-1 can be recognized. The sand
beds in Core 112-679D-19X-2 have a sharp base (where seen)
and individually grade upward into thin intervals of sandy silt.
Parallel and cross-laminations can be distinguished in some beds.
The sandier beds are composed of predominantly terrigenous
material (approximately 45% quartz, feldspar, and volcanic glass)
as well as a significant proportion of diatoms (35%). The siltier
beds in section 1 are both parallel and cross-laminated. These
beds are commonly separated by thin (less than 1 cm), very fine
sand beds. The silts have a similar terrigenous composition, but
contain an even higher proportion of diatoms.

The cross-laminations in both silt and sand beds have a dis-
tinctive character (Figs. 10 and 11). Sets of silt and sand lami-
nae display both upward and downward divergence or “splay-
ing.” Sets of laminae are separated by irregular, often concave,
scour surfaces; the thickness of each bed set is on the scale of
several centimeters. Sedimentary laminae mantle or conform to
the basal erosional surface and are truncated by the overlying
scour surface in a manner similar to that of hummocky cross-
stratification. Hummocky cross-stratification (HCS), as identi-
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Silt Sand
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Figure 9. Graphic representation of Sections 112-679D-19X-1 and 112-
679D-19X-2 (Unit III).

fied in the field, generally has wavelengths on the order of 1 to
1.5 m. Identification of HCS in cores is more difficult, but simi-
lar structures have been described using the lamination scale
that Walker (1984) attributes to HCS. These examples are char-
acterized by concave and convex upward curvatures of lamina-
tion and “subtle low angle changes in dips of laminae” (Walker,
1984).

170

. Horizontal, planar laminae

—-=——— Scour surface

—————=——— Almost massive with
_____‘_—‘-—-— very subtle laminae

\..._ Laminae splaying to right

—
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Splaying laminae
indicating convex-up
surface to original bedform

C ——

L ———Siltier
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—=—— Sandier
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C— Sandier

Figure 10. Sketches of cross-laminated intervals in Unit III (A, B, and
C, and sketches from Section 112-679D-19X-1): A) Cross-laminated
fine sand layer within laminated silt interval (76-78 cm); B) Details of
laminations in sandy silt showing splaying (16-21 cm); C) Hummocky
bedform, splayed laminae, and scoured surface (31-34 cm).

The sands and silts of Core 112-679D-19X clearly show the
action of currents. The presence of HCS suggests reworking by
wind-forced currents in shelf or uppermost-slope water depths
(Walker, 1984).

Depositional Environments

We interpret Units I and II to be products of hemipelagic de-
position at middle to upper bathyal depths in an area of highly
productive surface waters and low-oxygen bottom waters. These
conditions produced laminated diatomaceous muds, as well as
diagenetic dolomites and friable phosphates. Unit 1 has more
calcareous microfossils than Unit II for reasons that are not
clear; possibly paleoceanographic conditions were different or
diagenesis destroyed more calcareous microfossils in Unit II, or
both of these factors were in effect. Modification of the sedi-
ments in Units I and II occurred during winnowing and/or scour-
ing events, the more severe of which generated the phosphatic
conglomerates. These events perhaps resulted from a combina-
tion of wind-driven currents and periodic vigorous thermoha-
line currents; the latter could have included poleward-flowing
bottom currents.

Unit 111 contains evidence of hemipelagic, high-productivity
deposition, periodically interrupted by wind-driven currents
(large storms?) that transported and deposited detrital sand and
silt in hummocky bed forms, along with shallow-water benthic
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Figure 11. Photograph of small-scale structures of Unit III (112-679D-
19X-2). Note hummocky layer at top of photo, cross-lamination in the
middle and lower parts, and a hummocky surface at the base of the
photo.

foraminifers. This in turn suggests that deposition at Unit III
occurred at shallower depths than at Units I and II, with sub-
stantial influxes of terrigenous sediment. Unit IV is a turbidite
unit having an uncertain depositional environment; the lack of
microfossils could result from deposition in a nonmarine envi-
ronment or from their dissolution during diagenesis. Unit V
represents marine deposition in a low-energy, low-oxygen envi-
ronment, possibly of upper bathyal depth.

Because the section at Site 679 appears to be partly con-
densed, we again present the evidence for erosion and winnow-
ing of sediments in Units I, II, and I11. Major features that sug-
gest these processes are as follows:

1. Thin, graded, sandy silts and muds with scoured basal
contacts (Units 1 and 2).

2. Reworked, dark phosphate nodules (Units I, II, and III).

3. Small ripples, cross-lamination, and hummocky cross-lam-
ination (Unit V).

Structure

Drilling-Induced Structures

Numerous structures attributable to drilling disturbance oc-
cur in cores from Site 679. One must be careful to distinguish
such features from real structures. Most common are symmetri-
cal and asymmetrically bowed beds that are concave downward,
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formed by drag along the edges of the core (Fig. 6). These beds
are most pronounced in thinner bedded units. Drilling breccias
typically occur near the tops or bottoms of cores, but may occur
anywhere and can be recognized by disruption around individ-
ual fragments (whereas sedimentary breccias exhibit no disrup-
tion at clast contacts) (Fig. 7). At the tops of cores these brec-
cias commonly include exotic material from higher levels of the
hole.

At deeper stratigraphic intervals, especially within the turbi-
dites, drill biscuits are pervasive. These biscuits can be recog-
nized by (1) their smooth upper and lower boundaries, (2) the
abrupt termination of internal structures such as laminae, and
(3) the homogeneous nature of the slurry surrounding them

(Fig. 12).

Deformational Structures

Veins and Dewatering Structures, Unit IT

We observed numerous veins related to sediment dewatering
in the diatomaceous mud unit (Unit II). These features first ap-
pear at depths of 57 mbsf in Hole 679B and 56 mbsf in Hole
679D and are common at depths of 60 to 68 mbsf. These veins
are better developed (or better preserved) in some intervals than
in others and were not observed below 103 mbsf (Hole 679D).
We saw no veins in Units III through V.

The veins do occur as three types of infill: (1) extensional mi-
crofaults (Figs. 13A and 13B), (2) en-echelon tension gash ar-
rays (Fig. 8), and (3) wider discrete gashes. They are typically
2 to 5 mm thick but can reach a maximum thickness of 5 to
6 mm. These veins most commonly are oriented at a high angle
to bedding (70° to 85°), although where veining is intense, small
subhorizontal vein arrays occur between larger, highly angled
veins. Individual veins can be traced up to 1 m vertically within
core sections. At relatively shallow burial depths, the veins oc-
cur as isolated or widely spaced, mud-filled fractures, although
as the depth increases they are more closely spaced and com-
monly form anastomosing networks of thin en-echelon gashes
that are spaced only a few millimeters apart.

Dewatering veins are recognized by a change in color, being
generally darker than the surrounding sediment (Figs. 8, 13A,
and 14). Microscopic examination of vein material indicates that
it is a concentration of the fine fraction of the surrounding sedi-
ment; however, this material also includes a higher proportion
of authigenic carbonate, which suggests that carbonate-rich pore
fluids migrated to the veins. When coarser layers of fine sand
are present, veins do not penetrate but appear to die out as grain
size (and hence permeability) increases (Fig. 14). However, dia-
tom-rich layers show jagged edges at vein margins, which sug-
gests brittle failure.

Mass transfer of material within the veins is illustrated by
paler mud associated with dolomitic layers (Fig. 8). Movement
of up to 15 mm both above and below the dolomite layer sug-
gests segregation of fluidized material into tensional openings
within the sediment, rather than the simple upward escaping of
fluid.

Extensional microfaults are important loci of vein formation.
Subvertical veins typically fill in small normal faults (Figs. 13A
and 14), thus offsetting thin beds and laminae of silt and mud.
Extension was tentatively measured across Sample 112-679D-
7H-4, 17-25 cm. At this location (Fig. 13B), a thin diatom-rich
layer (3 mm) overlying a dolomite lamination (1 mm) separates
upper and lower zones of extensional faulting with an opposing
fault dip. In the upper zone, the fault dip is 70° to 75° in rela-
tion to the core axis, and in the lower zone, 150° to 155° to the
core axis. Stretching was evaluated by comparing the length be-
tween two points before and after faulting, using the crossing
points between bed and fault as reference (Fig. 13B). In the
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Figure 12. “Drilling biscuits” (112-679E-10X, CC, 9-35 cm).
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lower zone, LO = AB + B'C = 45cm and L = AC' =
7.5 cm, thus St = L — LO = 3 cm, giving 65% extension. In
the upper zone, LO = DE' + EF' + FG' + GH' = 2.9 cm,
and L = D'H = 5 cm, giving 42% extension. Therefore, the
extension is 23% less in the upper zone. The fault displacement
and geometry and the difference in stretching values require an
offset along the boundary between the upper and lower zones,
most probably in the thin-dolomite/diatomaceous mud layer.
Thus, the bedding plane slip must also have occurred to accom-
modate differential extension within the sequence.

The microfaults indicate subparallel extension of the layers.
However, en-echelon tension gash arrays with consistent asym-
metry (Fig. 8) indicate a component of simple shear. This re-
gime may be associated with the bedding plane slip. Although
several types of veins are present, no cross-cutting relationships
between veins are observed, and the veins appear to have devel-
oped during only one deformational episode.

The combination of extensional and simple shear deforma-
tion may relate to stretching associated with gravity-related down-
slope settling of the sediment mass. Alternatively, these struc-
tures could be related to movement on the major fault adjacent
to Site 679. High strain rates associated with fault motion may
have combined with high pore-fluid pressures to promote the
observed brittle behavior.

Although similar veins were described by Cowan (1982) at
DSDP Sites 496 and 497 off Guatemala, no displacement paral-
lel to the veins was reported. The association of microfaults
with mud veins observed at Site 679 has important implications
for the timing and extent of deformation of the sediment pile.

Small Scale Deformation, Unit IV

Microfaulting is present at several intervals in the Unit IV
turbidites. Unlike those of Unit II, these microfaults are discrete
zones of movement that lack discernable infill and are invari-
ably compressional, with faults oriented at 30° to 45° to the
bedding. The types of thrust faults displayed include “piggy
back” thrust ramps, “pop-up,” and “pop-down” structures
(Fig. 15).

Slump Folds and Related Structures

Slump folds and convolute bedding are common in the dia-
tomaceous muds of Unit II and occur locally in the turbidites of
Unit IV. A 1- to 2-m-thick slump unit containing variably ori-
ented, discrete sediment clasts and isolated fold hinges was rec-
ognized in both Holes 679B and 679D. Only rarely is an actual
slump-fold nose recovered. Commonly, slump folds may be rec-
ognized in the core as bedding of anomalous to vertical orienta-
tion (Fig. 16), in some cases with internal unconformities that
probably represent the basal shear planes of an overlying slump-
fold sequence (Fig. 17). Styles of slump folds and convolute
bedding are shown in Figure 17.

BIOSTRATIGRAPHY

Five holes were drilled at Site 679, four of which were exam-
ined for microfossils from core-catcher samples. The Quater-
nary to middle Miocene section was deposited at upper bathyal
depths. Siliceous microfossils were abundant in all holes except
Hole 679E; calcareous microfossils occurred only sporadically.
Diversity and abundance varied greatly from sample to sample.
Detailed information is contained in the individual microfossil
subchapters for each hole. Sedimentation rates, based on pre-
liminary diatom and calcareous-nannoplankton stratigraphy for
Hole 679D, are 140 m/m.y. for the interval at 0-64 mbsf, 10 to
20 m/m.y. for the interval from 64 to 114 mbsf, and 80 m/m.y.
for the interval at 114-244 mbsf. Each interval seems bounded
by major unconformities (Fig. 18). Correlation among Holes
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Figure 13. A) Extensional microfaults, Unit IT (112-679D-7H-7, 1-18 cm). B) Sketch of extensional microfaults, Unit II (112-679D-
7H-4, 15-25 cm).Letters A to H' denote originally adjacent points on planar surfaces that were disrupted by faulting; their geomet-

ric relationship can be used for calculating amount of extension.

679B, 679C, and 679D is presented in Figure 19, based on last
abundance datum (LAD) and first abundance datum (FAD) of
selected diatom and nannoplankton species.

Diatoms

Hole 679B

Diversity and abundance are generally high, and assemblages
are well preserved in the samples taken routinely from core catch-
ers. Silicoflagellates were rare and occasionally sponge spicules
were found.

Typical upwelling floras having Delphineis, Chaetoceros bris-
tles and spores, Thalassionema nitzschioides, and Thalassio-
thrix species formed the major constituents. Occasionally, flo-
ras were enriched in neritic, large, heavily silicified frustules of
Actinocyclus ehrenbergii and Actinoptychus undulatus a.o.

Sections 112-679B-1H, CC through 112-679B-6H, CC are of
Quaternary age. Actinocyclus oculatus is abundant in Section
112-679B-7TH, CC and places this sample in the Actinocyclus
oculatus zone of Akiba (1985) with an age of 1.7-0.9 Ma. Sec-
tions 112-679B-7H, CC through 112-679B-8H, CC contained no
age-diagnostic diatoms. Section 112-679B-9H, CC had Rossi-

ella tatsunokuchiensis and large Goniothecium, which also oc-
curred in the following samples down to Section 112-679B-12H,
CC. A tentative age of lower Pliocene is assigned to this inter-
val. Section 112-679B-13H, CC was an ash bed(?) and was bar-
ren of diatoms and silicoflagellates.

Hole 679C

Core-catcher samples were studied for opaline planktonic mi-
crofossils. All samples contained a diversified and well-preserved
diatom floral assemblage of cold-water species. Occasionally,
floods of isolated girdle bands and other undentified small Tha-
lassiosira and Melosira species were encountered (Sections 112-
679C-3H, CC and 112-679C-4H, CC). Synedra indica was com-
mon and was associated with other “upwelling” species, such as
Delphineis, Thalassiosira spp., Thalassionema nitzschioides, and
Chaetoceros.

Actinocyclus oculatus was found in Sections 112-679C-5H,
CC and 112-679C-7H, CC, placing this interval in the Actinocy-
clus oculatus Zone (0.9-1.7 Ma) of Akiba (1985); Nitzschia fos-
silis occurred in trace amounts in Section 112-679C-7H, CC. Be-
cause the range of this species is not well defined and because
no Pseudoeunotia doliolus was found, a tentative age of early
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Figure 14. En-echelon tension gash arrays and dewatering veins, Unit II.
Light-colored layer is a volcanic ash (112-679B-10H-4, 86-114 cm).

Pliocene is assigned for Section 112-679C-7H, CC because of
the common occurrence of Rossiella tatsunokuchiensis and
Goniothecium.

Hole 679D

All core-catcher samples were studied; these contained abun-
dant and well-preserved diatom assemblages. Because most of
the biostratigraphically useful marker species were extremely rare
and because their LAD or FAD could not be determined accu-
rately, all ages presented are tentative. The zonations of Akiba
(1985) and Barron (1985) could not be used. Ages were derived
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Figure 15. Microfaults in thin turbidites, Unit IV (112-679E-8X-1, 10~
15 cm).

from an unpublished compilation by Schrader (1987) of species
that occur in marine Cenozoic sections on land and offshore
Peru.

Samples below Section 112-679D-18X, CC consisted of sand
with diatom admixtures. Floras were enriched by decanting
heavy, large particles in some samples.

The section above 112-679D-4H, CC is of Quaternary age;
the Actinocyclus oculatus Zone of 0.9-1.7 Ma was found in
Sections 112-679D-5H, CC through 112-679D-7TH, CC. Ros-
siella tatsunokuchiensis, (LAD, 2.5 Ma), was found in Section
112-679D-9H, CC in association with Goniothecium. Denticu-
lopsis hustedtii (LAD, 4.2 Ma) was found in Section 112-679D-
11H, CC. Forms that resembled Thalassiosira praeoestrupii were
abundant in Section 112-679D-10H, CC, placing this sample
close to the Pliocene/Miocene boundary. Thalassiosira jacksonii
was seen last in Section 112-679D-19X, CC; the FAD of this
species is reported as 6.8 Ma. Nitzschia porteri, (LAD, 6.8 Ma)
occurred last in Section 112-679D-25H, CC. The lowest sample
contained abundant Nitzschia porteri, Rouxia californica, and
minor admixtures of a new Rouxia species, Actinocyclus ingens
(flat form); a tentative late Miocene age was assigned to this
sample.

Reworked older diatoms occurred in the following samples:
112-679D-25H, CC with Rossiella tatsunokuchiensis, 112-679D-
24X, CC with Thalassiosira convexa, 112-679D-18X, CC with
Denticulopsis punctata and Denticulopsis kanayae, 112-679D-
16X, CC with Oligocene Pyxilla, and 112-679D-15X, CC with
D. punctata.

Hole 679E

Except for some phosphorite chips recovered from the core-
catcher sample of Core 112-679E-1X, all other samples were
barren of diatoms. As only the core catcher was recovered in
Core 112-679E-1X, it is likely that some or all of the recovered
material is drilling detritus. One should not rely on the late Mi-
ocene-Pliocene age of floras encountered here. A detailed search
for diatoms in the turbidite section was unsuccessful.

Silicoflagellates

Silicoflagellates occurred in Holes 679B, 679C, and 679D at
various levels and were associated with abundant diatoms and
rare sponge spicules. These were not studied in detail, but in-
clude representatives of the Dictyocha messanensis and Diste-
phanus speculum groups. Mesocena species were not found dur-
ing our smear-slide studies. Note the occurrence of Distephanus
speculum speculum var. pseudofibula in Section 112-679C-6H,
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Figure 16. Slump fold, Unit I (112-679B-5H-2, 72-98 cm).
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Figure 17. Styles of slump folds and convoluted bedding observed at
Site 679.

CC; according to the diatoms this points to an early Pliocene
age.

In Hole 679E a similar silicoflagellate assemblage containing
Distephanus speculum speculum var. pseudofibula was found in
phosphate nodules recovered in Section 112-679E-1X, CC, but
we considered this to be downhole contamination from a higher
stratigraphic level.

Calcareous Nannoplankton

Based on core-catcher investigations of the upper part of
Site 679, three main nannoplankton assemblages can be differ-
entiated that have preservation varying from good to moderate.
These are (1) Gephyrocapsa spp./Helicosphaera carteri assem-
blage, (2) Coccolithus pelagicus assemblage, and (3) Reticulofe-
nestra pseudoumbilica/Coccolithus pelagicus assemblage.
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The youngest sediments seem to be present in Sections 112-
679C-1H, CC and 112-67D-1H, CC, where the Gephyrocapsa
spp./Helicosphaera carteri assemblage also contains Emiliania
huxleyi, indicating the Holocene calcareous nannoplankton Zone
NN21 (Emiliania huxieyi Zone), which is younger than 0.275 Ma.

The Gephyrocapsa spp./Helicosphaera carteri assemblage was
found in Sections 112-679A-1H, CC, 112-679B-1H, CC through
112-679B-3H, CC, and Sections 112-679D-2H, CC and 112-
679D-3H, CC. As we could not find E. huxleyi, these samples
were placed in the late Pleistocene nannoplankton Zone NN20
(Gephyrocapsa oceanica Zone) above the last occurrence of Pseu-
doemilignia lacunosa (0.47 Ma).

The Coccolithus pelagicus assemblage, indicating cold-water
conditions, occurs in Sections 112-679B-4H, CC, 112-679C-2H,
CC, 112-679C-4H, CC, 112-679C-5H, CC, and 112-679D-4H,
CC. A few Gephyrocapsa and Cyclococcolithus leptoporus speci-
mens also occur in some of these samples. Since index species
are missing in this particular assemblage, we could not assign an
age.
The Reticulofenestra pseudoumbilica/Coccolithus pelagicus
assemblage was observed in Sections 112-679B-8H, CC, 112-
679B-9H, CC, 112-679B-12H, CC, 112-679B-13H, CC, 679C-
7H, CC, 112-679C-8H, CC, and 112-679D-8H, CC, which is
not younger than 3.5 Ma because the last occurrence of R. pseu-
doumbilica marks the top of calcareous nannoplankton Zone
NNI15 (Reticulofenestra pseudoumbilica Zone). These samples
were tentatively placed in the early Pliocene nannoplankton
Zone NNI5, although owing to the low diversity these may be
somewhat older and may indicate a possible hiatus just above
this level. In Section 112-679D-19H, CC, a sudden occurrence
of well-preserved Reticulofenestra pseudoumbilica together with
Sphenolithus abies, Cyclococcolithus leptoporus, and Cocco-
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Figure 19. Diatom (dashed lines) and calcareous nannoplankton (solid lines) correlation of holes; based on first abundance

datum (FAD) and last abundance datum (LAD).
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lithus pelagicus was noted in an otherwise barren sequence be-
tween Sections 112-679D-12H, CC and 112-679D-27H, CC.

Several samples between the Coccolithus pelagicus assem-
blage and the Reticulofenestra pseudoumbilica/Coccolithus pe-
lagicus assemblage were barren. These included Sections 112-
679B-5H, CC, 112-679B-6H, CC, and 112-679B-7H, CC as well
as Sections 112-679C-3H, CC and 112-679C-6H, CC. In addi-
tion, Section 679B-11H, CC in the Reticulofenestra pseudoum-
bilica/Coccolithus pelagicus assemblage was barren.

Samples from Hole 679E (245.3-359.3 mbsf) have no calcar-
eous nannoplankton, with the exception of some levels within
Cores 112-679E-11X and 112-679E-12X. The meager assemblage
contains some discoasters besides Reficulofenestra pseudoum-
bilica, Coccolithus pelagicus, and Helicosphaera carteri. Species
include Discoaster variabilis and Discoaster exilis. In Section
112-679E-12X, CC Cyclococcolithus cf. floridanus was observed;
the assemblage was tentatively placed in the middle Miocene
calcareous nannoplankton Zone NN6 (Discoaster exilis Zone).

Radiolarians

Hole 679B

Core-catcher samples from Hole 679B were studied for radi-
olarians; these are rare in most samples and are diluted by dia-
toms. Although preservation is generally good, we could not as-
sign ages.

Quaternary radiolarians are common in Section 112-679B-
1H, CC and include Cycladophora davisiana, Euchitonia spp.,
Lamprocycias junonis, L. maritalis, Octopyle stenosa, Tetrapyle
octacantha, Theocalyptra bicornis, and Theoconus minithorax.
Section 112-679B-2H, CC contained rare occurrences of Theo-
calyptra bicornis, Polyspira octopyle, Euchotonia sp., Litho-
strobus botrycyrtis, Spongocore puella, Echinomma cf. lepto-
dermum. Abundance varied between rare to absent in Sections
112-679B-3H, CC through 112-679B-12H, CC. In Section 112-
679B-10H, CC, these are more abundant. Estimated from
counts, radiolarian abundance relative to diatoms represents
0.07% of the siliceous microfossils.

Hole 679E

Core-catcher samples from Hole 679E were studied for radi-
olarians. These samples are barren from Sections 112-679E-1X,
CC through 112-679E-13X, CC.

Planktonic Foraminifers

Hole 679B

Thirteen core-catcher samples were examined for planktonic
foraminifers. Planktonic foraminifer species were found in Sec-
tions 112-679B-1H, CC, 112-679B-4H, CC, and 112-679B-8H,
CC. Foraminifers were abundant and well preserved in Section
112-679B-1H, CC and were rare and well preserved in Sections
112-679B-4H, CC and 112-679B-8H, CC.

Globigerina bulloides, G. quinqueloba, Orbulina suturalis,
O. universa, Globigerinita glutinata, G. uvula, Neogloboquad-
rina blowi, N. dutertrei, and N. pachyderma were commonly
found in Section 112-679B-1H, CC and co-occurred with Globi-
gerina falconensis, Globigerinoides ruber, G. sacculifer, Globo-
rotalia menardii, G. tumida tumida, Globigerinella siphonifera,
and Pulleniatina primalis. A total of 16 different species were
encountered. All of the common species are of Holocene age
and are known from the temperate coastal upwelling regions.
However, Globigerinoides sacculifer, Globorotalia tumida tu-
mida, and Pulleniatina primalis are known to occur in tropical
regions. Cool-water faunas predominated in this sample.

Age-diagnostic species are Pulleniatina primalis and Neoglo-
boguadrina dutertrei. The range of Pulleniatina primalis is from
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Zones N17B to N21 (as determined at DSDP Site 208, Kennett,
1973), and Neogloboguadrina dutertrei (Bolli and Premoli-Silva,
1973) is from Zone N21 to the Holocene. Based on planktonic
foraminifers, this sample falls in Zone N21 and is of Pliocene to

Quaternary age.

Hole 679C

Eight core-catcher samples were examined for planktonic fora-
minifers. Planktonic foraminifers occurred in Sections 112-679C-
1H, CC and 112-679C-5H, CC. These were abundant in Section
112-679C-1H, CC and rare in Section 112-679C-5H, CC.

Globigerina bulloides, G. quinqueloba, Neogloboquadrina
pachyderma, and N. incompta were commonly found in Section
112-679C-1H, CC; these species occur primarily in cool-water
environments. Other species recognized included Globigerina fal-
conensis, G.rubescens, G. calida, Globigerinoides ruber, Globi-
gerinita glutinata, Orbulina universa, O. suturalis, Globorotalia
menardii, G. crassaformis, G. scitula, Globorotaloides hexagona,
and Sphaeroidinella dehiscens. Of these, Globigerina calida,
Globigerinoides ruber, Orbulina suturalis, O. universa, Globo-
rotalia menardii, and Sphaeroidinella dehiscens are known from
warm-water regions. Globigerina bulloides, Neogloboguadrina
dutertrei, and Globigerina quingueloba are indicative of the tem-
perate Peruvian upwelling regime (Kulm et al., 1981; Thiede,
1983). The general aspect of the benthic and planktonic groups
is similar to the faunal content of the Albacora Formation (syn-
onym of the Mal Pelo Formation) in the Progreso Basin of
northwestern Peru, which is of Pliocene/Pleistocene age. All
the mentioned species range well through the Quaternary.

Hole 679D

All core-catcher samples except Section 112-679D-24X, CC
were examined for planktonic foraminifers. Planktonic foramini-
fers occurred only in Section 112-679D-1H, CC.

Globigerina bulloides, G. quinqueloba, and Neogloboquad-
rina incompta are common, and they are known to occur in
cool-water regions. Other species recognized were Globigerina
falconensis, G. rubescens, G. calida, Orbulina universa, O. su-
turalis, Globorotalia crassula, Globorotaloides hexagona, Neo-
globoquadrina humerosa, and N. pachyderma. Some of them
(Globigerina calida, Orbulina universa, and O. suturalis) are
known from warm-water regions.

All species range into the Holocene except Globorotalia cras-
sula. Stratigraphic distribution of Globorotalia crassula is from
Zone N18 to N22 (latest Miocene to Pleistocene at DSDP Site
284, Kennett and Vella, 1974). As a result, this sample falls in
Zone N22 and is of Pleistocene age.

Hole 679E

Planktonic foraminifers were examined from 13 core-catcher
samples. Planktonic-foraminifer species were found in Sections
112-679E-1X, CC, and 112-679E-11X, CC. These specimens
were rare and preservation was poor.

Globigerina bulloides, G. falconensis, Neogloboguadrina du-
tertrei, and N. pachyderma were found in Section 112-679E-1X,
CC; these species occur in temperate upwelling environments.
All of the species mentioned previously are of Holocene age. We
assigned a Quaternary age to this sample.

Globigerina praebulloides, Globigerinoides triloba, Globo-
quadrina altispira altispira, G. venezuelana, Globorotalia obesa,
and G. lenguaensis were found in Section 112-679E-11X, CC.

The stratigraphic distribution of Globigerina praebulloides is
from Oligocene to late Miocene, Zone P16 to Zone N16 (Blow,
1969; Srinivasan et al., 1981). Globorotalia lenguaensis occurs
in middle Miocene (Blow, 1969; Bronnimann et al., 1971). We
placed this sample in the middle Miocene, based on planktonic
foraminifers.
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Benthic Foraminifers

Hole 679B

Benthic foraminifers in samples from Hole 679B occur in
three apparently in-sifu assemblages and two transported assem-
blages. These assemblages generally proceed down the section
as follows.

Cancris inflatus-Trifarina carinata. Foraminifers are abun-
dant and well-preserved in this assemblage, which occurs in Sec-
tion 112-679B-1H, CC (6.3 mbsf). Cancris carmenensis and Bo-
livina costata are abundant; Bolivina plicata, B. spissa, Bulimi-
nella subfusiformis, and Cassidulina delicata are common. A
few Cancris inflatus, Trifarina carinata, and Gyroidina roth-
welli also characterize the assemblage. This assemblage indi-
cates an upper-bathyal environment. The small species Bolivina
costata characterizes outer-shelf depths in this area (Resig, 1981)
and may have been transported to the site.

Bolivina n. sp. Assemblage. Foraminifers are abundant and
well preserved in this assemblage, which occurs in Sections 112-
679B-2H, CC through 112-679B-4H, CC (16.3-35.3 mbsf). In
addition to the nominal species, Bolivina floridana and Bulimi-
nella subfusiformis are common, and “Ellipsoglandulina” frag-
ilis specimens are few. These species represent an upper-bathyal,
oxygen-minimum environment.

Bulimina uvigerinaformis-Valvulineria californica Assem-
blage. Foraminifers are abundant and well preserved in this as-
semblage, which occurs in Section 112-679B-8H, CC (73.2 mbsf).
In addition to the nominal species, Bolivina sinuata, B. seminuda
humilis, B. cf. vaughani, and Buliminella subfusiformis are com-
mon to abundant. This assemblage characterizes an upper-
bathyal, low-oxygen environment (Ingle, 1980).

Bulimina uvigerinaformis-Valvulineria californica Assem-
blage (transported). In Sections 112-679B-7H, CC, 112-679B-
9H, CC, and 112-679B-11H, CC few to rare specimens of fora-
minifers (among which the nominate species occur) apparently
represent transported tests. They are well preserved in Section
112-679B-7H, CC, but preservation is poor in Sections 112-
679B-9H, CC and 112-679B-11H, CC. Bolivina sinuata also oc-
curs in these samples.

Buliminella elegantissima-Bolivina cf. vaughani Assemblage
(transported). Foraminifers of this association are common and
well preserved in Section 112-679B-12H, CC and few and well
preserved in Section 112-679B-13H, CC. These species are small
and probably represent tests transported from the inner-shelf
environment and deposited at the distal end of a turbidite.

Hole 679D

Benthic foraminifers of Hole 679D occur in two apparently
in-situ assemblages and two transported assemblages and occur
downsection, as discussed next.

Cancris inflatus-Trifarina carinata Assemblage. Foramini-
fers are abundant and well preserved in this assemblage, which
occurs in Section 112-679D-1H, CC (7.7 mbsf). The relative fre-
quencies of various species differ from those in Section 112-
679B-1H, CC. In addition to the nominate species, other com-
mon forms are Bolivina interjuncta, B. plicata, B. spissa, Cassi-
dulina auka, Epistominella cf. subperuviana, and Uvigerina
striata. These species indicate upper to upper-middle bathyal
environments.

Bolivina n. sp. Assemblage. Foraminifers are abundant in
this assemblage, occurring in Sections 112-679D-2H, CC through
112-679D-4H, CC (17.1-36.1 mbsf). Preservation is moderate
to good in Section 112-679D-2H, CC and moderate to poor in
Sections 112-679D-3H, CC through 112-679D-4H, CC because
these specimens show signs of recrystallization. The species rep-
resentation is similar to that in Sections 112-679B-2H, CC
through 112-679B-4H, CC. These species represent an upper-
bathyal, oxygen-minimum environment.
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Bulimina uvigerinaformis-Valvulineria californica Assem-
blage (transported). Foraminifers are common to rare in this as-
semblage, which occurs in situ in Hole 679B but often with an
admixture of shallow-water foraminifers. This assemblage be-
gins in Sections 112-679D-7H, CC through 112-679D-9H, CC
and was found sporadically in Sections 112-679D-18X, CC and
112-679D-23X, CC. Preservation is moderate owing to broken
specimens and abrasion. In addition to the nominate species,
Bolivina sinuata is common; these are upper-bathyal species.

Buliminella elegantissima-Bolivina cf. vaughani Assemblage
(transported). The nominate species are common to rare and are
accompanied by Nonionella in some samples and by Ammoba-
culites in Sections 112-679D-17X, CC through 112-679D-18X,
CC. The species are small and presumably were transported
from shallow water and deposited at the distal end of a turbi-
dite. These transported deposits dominate from Sections 112-
679D-10H, CC through 112-679D-23X, CC, below which fora-
minifers do not occur.

Hole 679E

Benthic foraminifers are few to rare and have moderate to
poor preservation in Sections 112-679E-1X, CC, 112-679E-2X,
CC, 112-679E-8X, CC, 112-679E-9X, CC, and 112-679E-11X,
CC. These species are abundant in Sections 112-679E-12X, CC
and 112-679E-13X, CC, but have poor preservation and cannot
be separated from the rock matrix. Sections 112-679E-3X, CC
through 112-679E-7X, CC are barren of foraminifers. The few
foraminifers above Section 112-679E-10X, CC include Episto-
minella subperuviana, Bolivina plicata, B. costata, and Bolivi-
nita minuta; however, these probably represent drilling detritus.
Section 112-679E-10X, CC contains only rare specimens of Bu-
liminella elegantissima, which probably was transported from
depths shallower than 50 m. Section 112-679E-11X, CC con-
tains the two species Valvulineria cf. araucana and Robulus sp.
These species have resistant tests and appear to be residual. Bo-
livina and Buliminella are among the abundant foraminifers in
Sections 112-679E-12X, CC and 112-679E-13X, CC. This assem-
blage probably was deposited at upper to upper-middle bathyal
depths; further identification is impossible.

ORGANIC GEOCHEMISTRY

At Site 679 the following organic-geochemical programs were
undertaken:

1. Monitoring of hydrocarbon gases using two methods.

2. Measurement of organic-carbon, carbonate-carbon, and
Rock-Eval pyrolysis characteristics at regular intervals, usually
30 m apart.

3. Comparison of Rock-Eval parameters with the results ob-
tained using the Source Hound, a portable device designed by
British Petroleum for evaluating source rocks.

4. Collecting samples for detailed geomicrobiological studies.

5. Measurement of hydrocarbon shows, which led to aban-
donment of Site 679.

The methods and instruments used for these studies are de-
scribed in detail in the “Explanatory Notes” chapter (this volume).

Hydrocarbon Gases

Two different procedures were used to extract hydrocarbon
gases, mainly methane (C,), ethane (C,), and propane (C,),
from sediment samples. In the first procedure, called the can
procedure, an approximately 50-cm-long section of full-round
core (about 170 cm?) and degassed water was placed in a closed
container having a volume of 100 cm® and then filled with he-
lium. The container was shaken, and gases were extracted into
this volume. Part of this gas mixture was analyzed by gas chro-
matography on a Hach-Carle AGC Series 100/Model 211 (HC)



and on a Hewlett-Packard Model 5890A coupled with the Natu-
ral Gas Analyzer (HP). In the second procedure, the headspace
procedure, an approximately 10-cm?® sample of sediment was
placed in a 22-cm? vial. The vial was heated to 70°C in a Head-
space Sampler, and the gases in the headspace were transferred,
either automatically or manually, to the HP. The headspace
gases also were analyzed using the HC gas chromatograph. The
HC instrument measures C;, C,, and C,, whereas the HP in-
strument measures hydrocarbon gases to C,. Tables 4 and 5
show the results for C, and C, from both can and headspace
procedures, respectively. Canned samples were usually collected
at every sixth core, whereas headspace samples were commonly
obtained at every third core. Concentrations are reported as mi-
croliter of gaseous component per liter of wet sediment (uL/L).

The gas concentrations measured by the two procedures show
similar trends with depth, except that the headspace procedure
provides more detail because of closer spacing of samples. C, is
present in highest concentrations followed by C,. C; was often
noted in gases measured on the HP chromatograph by the head-
space procedure, but in most cases could not be confirmed on
the HC chromatograph because of differences in integration
sensitivities.

Table 4 shows the concentrations of C, and C, obtained from
the can procedure and measured on the HC and HP chromato-
graphs. Results from the the two instruments agree well. Any di-
vergence probably results from differences in calibration rou-
tines. C; and C, concentrations increase with depth to about
144 mbsf, where C, concentrations increase by two orders of
magnitude (Fig. 20). This change in C, concentrations occurs at
the same depth where sulfate values approach zero (see “Inor-
ganic Geochemistry” section, this chapter). This interval signals
the transition between the overlying zone of microbial sulfate re-
duction, where C, concentrations are low because of inhibition

Table 4. Methane (C,) and ethane (C,) in

SITE 679

of methanogenic processes, and the zone of microbial C, gener-
ation, where biogenic C, is produced in large amounts (Clay-
pool and Kaplan, 1974).

Table 5 lists the results for C; and C, from the headspace
procedure. Here, as in Table 5, the results from the two gas
chromatographs are generally comparable and most differences
relate to calibration problems. C; and C, concentrations show
the same trend of increase with depth to 144 mbsf; below this
depth the amounts of C, increase about three orders of magni-
tude (Fig. 20). However, with increasing depth, the amounts of
C, and C, decrease significantly at 320 and 330 mbsf and then in-
crease at greater depths. Evidence of this decrease in concentra-
tion was suggested from the results of the can procedure
(Fig. 20). Unfortunately, the spacing for the canned samples was
too large to provide additional analyses of apparently low gas
concentrations within this sediment interval. The deepest sam-
ple contains anomalous concentrations of C, and higher molec-
ular weight gases (Fig. 21) that were not seen in the canned
gases (Table 4). This sudden appearance of significant amounts
of C, and higher carbon number hydrocarbons, suggesting pos-
sible products of advanced thermogenic processes, was a factor
in the decision to stop drilling Hole 679E at 359 mbsf.

Carbon

Organic-carbon, carbonate-carbon, and Rock-Eval pyrolysis
characteristics of the organic matter were determined at inter-
vals of about 30 m at Holes 679D and 679E. Total carbon was
determined by using the Coulometrics 5020 Total Carbon Appa-
ratus coupled with the 5010 CO, Coulometer; carbonate carbon
was measured using the Coulometrics 5030 Carbonate Appa-
ratus, which was also connected to a 5010 Coulometer; organic
carbon was determined by difference between total carbon and
carbonate carbon (Table 6). This table also shows values for to-

canned-gas samples, Site 679.

Core/section Depth C;(HC) Cj(HP) Cy(HC) Cy(HP) Ci/C; C/G
interval (cm) (mbsf)  (uL/L) (uL/L) (uL/L) (uL/L) (HC) (HP)
112-679D-1H-4, 140-145 6.0 16 16 0.8 1.9 20 8
679C-2H-2, 138-143 11.9 27 22 1.8 2.6 15 9
679D-3H-3, 135-140 21.8 50 41 2.1 32 24 13
679C-6H-3, 145-150 51.5 81 63 2.9 3.7 28 17
679D-9H-3, 135-140 78.8 85 65 3.7 4.6 23 14
679D-17X-1, 135-140 1438 210 140 4.4 48 48 28
679E-6X-2, 135-140 292.7 32,000 19,000 8.8 8.5 3600 2200
679E-10X-1, 145-150  329.3 29,000 25,000 6.3 B.5 4600 2900
679E-13X, CC 359.3 37,000 31,000 11.0 12.0 3700 2700
HC = Hach-Carle Gas Chromatograph; HP = Hewlett-Packard Gas Chromatograph.
Table 5. Methane (C,) and ethane (C,) in headspace-gas samples, Site 679.
Core/section Depth  Cj(HP) Cy(HC) Cy(HP) GCy(HC) Cy/Cy C/C
interval (cm) (mbsf) (uL/L)  (pL/L) (uL/L)  (pL/L) (HP) (HC)
112-679D-4H-4, 139-140 6.0 25 30 7.8 7.8 a 4
679C-2H-2, 142-143 11.9 46 51 18 9.2 3 6
679D-3H-3, 134-135 21.5 46 53
679C-6H-4, 0-1 51.5 65
679D-9H-4, 0-1 78.9 75 80 9.2 4.1 8 20
679D-17X-1, 134-135 143.8 130 140 8.9 1.9 15 78
679D-20X-1, 114-115 172.1 18,000 56,000 22 12 816 4600
679E-5X-3, 149-150 284.8 76,000 97,000 140 99 534 970
679E-6X-2, 134-135 292.7 76,000 95,000 130 ! 570 1300
679E-9X-1, 116-117 319.5 580 1100 12 21 49 51
679E-10X-1, 144-145 329.3 130 660 35 13 37 50
679E-12X-1, 140-141 348.2 34,000 34,000 19 12 1700 3000
679E-13X, CC 359.3 8400 7400 470 350 18 21

HP = Hewlett-Packard Gas Chromatograph; HC = Hach-Carle Gas Chromatograph.

2 ., no data available.

179



SITE 679

200

Depth (mbsf)

400 L L 1
10 1000

Methane (uL/L)

100,000 10 1000
Methane (uL/L)

100,000

Figure 20. Concentrations of methane with depth at Site 679 as determined in Holes 679C, 679D, and
679E. Left: Methane from the canned-gas procedure. Right: Methane from the headspace procedure.
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Figure 21. Gas chromatogram of the hydrocarbon gases obtained by the
headspace procedure on a sediment sample from Core 112-679E-12X,
CC. Except for the unusual occurrence of ethane (which could possibly
result from the pyrolysis of organic matter during drilling), the mixture
of gases is similar to that commonly attributed to thermogenic sources.

tal organic carbon (TOC,) as determined by Rock-Eval pyroly-
sis. There is good agreement between organic carbon and TOC
(Fig. 22). The sediments are rich in organic carbon from the sur-
face to about 75 mbsf. Below this depth, the sediments are lean,
except for the sample from about 350 mbsf, which has 2% to
3% organic carbon.
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Table 6. Organic carbon and carbonate carbon at Site 679.

Total Inorganic  Organic

Core/section Depth  carbon carbon carbon TOC
interval (cm) (mbsf) (%) (%) (o) (%)
112-679D-1H-4, 145-150 6.0 10.60 0.22 10.38 9.36
IH-3, 140-150 21.8 8.64 1.60 7.00 7.32

6H-3, 140-150 50.3 3.88 0.03 3.85 3.90

9H-3, 140-150 78.8 5.84 0.28 5.56 5.26

17X-1, 140-150 143.8 1.07 0.43 0.64 0.54

20X-1, 115-125 172.2 1.17 0.32 0.85 0.59
112-679E-4X-3, 140-150 275.2 1.1 0.78 0.33 0.23
6X-2, 140-150 292.7 1.22 0.71 0.51 0.42

9X, CC 327.8 1.68 1.10 0.58 0.41

12X-1, 140-150 348.3 3.14 0.52 2.62 2.20

TOC = Total organic carbon from Rock-Eval pyrolysis.

Rock-Eval pyrolysis involves a microprocessor-controlled tem-
perature program that releases volatile hydrocarbons, recorded
as S;, and the thermal cracking of the kerogen matrix, produc-
ing S,. During pyrolysis of the sediment, CO, (produced from
organic matter) is indicated as S, and is trapped only between the
initial starting temperature and 390°C; this temperature range
avoids other sources of CO,, such as carbonates. Values of S,
and S, are in milligrams of hydrocarbon per gram of sediment;
S, is in milligrams of CO, per gram of sediment. A fourth pa-
rameter, Ty, is the pyrolysis temperature at which S, reaches a
maximum. Finally, TOC is measured. These parameters are used
to calculate Production Index (PI) = S,/(S, + S,); Petroleum
Potential or Pyrolyzed Carbon (PC) = 0.08 (S, + S,); Hydro-
gen Index (HI) = 100(S,)/TOC, and Oxygen Index (OI) =
100(S,)/TOC. Table 7 lists these Rock-Eval parameters for sedi-
ment samples recovered from Holes 679D and 679E. Results in-
dicate that the organic matter in all samples is immature, based
on the low T,,,, values. The organic matter in the upper 75 m of
sediment is present in moderate to high concentrations and is
hydrogen-rich and oxygen-poor, indicating that the organic mat-
ter is Type II from a dominantly marine source, which with in-
creasing maturation could form an excellent source rock for hy-
drocarbons. The same interpretation applies to the sample taken
at 350 mbsf. Below 75 mbsf, the sediments are less rich in or-
ganic-matter content and have low source-rock potential. From
about 270 to 320 mbsf, organic matter occurs in low amounts; it
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Figure 22. Profiles of organic carbon with depth at Site 679 as determined at Holes 679D and 679E. Left:
Organic carbon determined by difference between total carbon and carbonate carbon as measured by the
Coulometric Analyzers. Right: Total organic carbon (TOC) determined by Rock-Eval pyrolysis.

Table 7. Summary of Rock-Eval pyrolysis analysis, Site 679, Holes 679D and 679E.

Core/section Depth  Temp. TOC
interval (cm) (mbsf) (°C) Sy S, S3 Pl PC (%) HI o)
112-679D-1H-4, 145-150 6.0 391 7.76 46.84 6.86 0.14 4.55 936 500 73
3H-3, 140-150 21.8 384 7.09 3236 3.83 0.18 3.28 732 442 52
6H-3, 140-150 40.8 386 3.65 16.49 1.41 0.18 1.67 3.90 422 36
9H-3, 140-150 78.8 381 597 2648 230 0.18 270 526 503 43
17X-1, 140-150  134.3 393 0.14 093 0.73 0.13 008 054 172 135
20X-1, 115-125 172.2 391 0.28 1.7 095 0.14 0.16 0.59 296 161
112-679E-4X-3, 140-150 275.2 412 0.04 0.04 047 050 0.01 023 17 204
6X-2, 140-150 292.7 329 0.02 0.02 036 050 000 042 4 85
9X, CC 327.8 351 0.05 0.18 145 023 0.01 041 43 353
12X-1, 140-150  348.3 403 0.64 9.41 1.00 0.06 083 220 427 45

Note: PI = production index. PC = pyrolyzed carbon. TOC = total organic carbon. HI = hydrogen index.

Ol = oxygen index.

is probably type III and terrestrial in origin because of the low
HI and high OI values.

“Source Hound”

Rock-Eval parameters were compared with the results ob-
tained from “Source Hound,” a portable device supplied as a
prototype by British Petroleum for semiquantitative evaluation
of potential sources of oil in rock samples in the field. Rock-
Eval pyrolysis requires about 100 mg of dried powdered sample
and takes about 40 min per sample for complete analysis. The
Source Hound, using a chip of rock or a pellet of compressed
sediment (about 30 mg) gives a signal in units that can be inter-
preted in terms of oil potential (kg/ton) in about 2 min. The
Source Hound was used to examine samples from Site 679, in-
cluding those samples we felt concerned our immediate safety
from the bottom of Hole 679E. Data for seven samples of im-
mature sediments from Hole 679D (Fig. 23) show a parallel
trend with Rock-Eval data.

Termination of Site 679

When cutting Core 112-679E-12X (about 350 mbsf), we no-
ticed a peculiar odor in the organic-rich (2% organic carbon)
black shale from the core catcher. A 1-cm-wide silt stringer at
347.5 mbsf displayed dull yellow fluorescence under ultraviolet
light. A solvent extract of a sample from this interval was yel-
lowish brown and fluoresced light yellow. We immediately sus-
pended drilling Core 112-679E-13X. Another recovered core
had the same peculiar odor; extracts of samples from this core

also fluoresced. Pyrolysis results using the Source Hound indi-
cated the presence of pyrolyzable organic matter above back-
ground (equivalent to about 5 kg hydrocarbon/ton of rock). A
preliminary gas chromatographic analysis of the headspace gas
from Section 112-679E-12X, CC (Fig. 21) showed an abrupt in-
crease in gas components heavier than methane, including an
unusual occurrence of ethane (C,.,). These gases differed signif-
icantly from the methane-dominated gas mixtures observed in
previous cores. The methane/ethane ratio decreased from 3000
in Core 112-679E-12X to 20 in Core 112-679E-13X, mainly be-
cause of the increase in concentrations of ethane from 5.7 to
225 ppm (Table 5). The organic-geochemical information from
Cores 112-679E-12X and 112-679E-13X was sufficiently anom-
alous and confusing to suggest that abandonment of this hole
was prudent.

Subsequently, we again encountered the same peculiar odor
that was detected in earlier cores in Core 112-682A-46X during
the drilling of Hole 682A (see “Organic Geochemistry” section,
Site 682 chapter). The odor in the former was associated only
with the exterior portions of the core and not the interior. We did
not detect the odor in the core that followed (Core
112-682A-47X). Gas chromatography of the gas associated with
Core 112-682A-46X produced chromatograms similar to those
of Core 112-679E-13X, showing hydrocarbons to C; and anom-
alously large amounts of C,,. The generation of this peculiar
odor, the sudden presence of small amounts of hydrocarbons
larger than C;, and the anomalous amounts of C,,; led us to de-
duce that an artifact of the drilling process occurred in some
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Figure 23. Comparison of pyrolysis yields for parts of the same samples at Hole 679D with depth. Left: Ar-
bitrary response of Source Hound. Right: Rock-Eval TOC (%).

types of sediment when drilling rates were slow (see “Organic
Geochemistry” section, Site 682 chapter).

These observations led us to examine more samples from
Hole 679E. A fresh part of a stringer in Core 112-679E-12X,
which had been examined previously, was again sampled and ana-
lyzed; results differed from those observed earlier. The stringer
fluoresced a dull orange color that seemed to disappear when
exposed to air for any length of time. The solvent extract did
not fluoresce under ultraviolet light, but solid pieces of the ex-
tracted sample still showed surface fluorescence; that is, the flu-
orescent material did not extract into the solvent (methylene
chloride). A 0.29-g sample of the stringer was extracted with
1 mL of methylene chloride using sonication. The extract was
dried, dissolved in 30 uL of hexane, and 7 uL of the extract was
examined by high-resolution gas chromatography (see “Explan-
atory Notes,” this volume, for details about instruments).

Figure 24 shows the gas chromatogram of this extract com-
pared with a standard mixture of n-alkanes. In addition to low,
broad, unresolved regions indicating complex mixtures, the chro-
matogram exhibits n-alkanes ranging from about n-C;; to n-Cyg
in low concentrations. The chromatogram is much less complex
than those obtained earlier. The distribution of n-alkanes is sim-
ilar to that of high molecular-weight hydrocarbon waxes. Al-
though there are small amounts of hydrocarbons present in the
extract of the fluorescent stringer, this fluorescence is not due to
the hydrocarbons because the only hydrocarbons identified were
n-alkanes, which do not fluoresce. X-ray diffraction (Fig. 25) of
the fluorescent material failed to identify the source of the fluo-
rescence, which may be caused by a mineral or by high molecular-
weight organic material that does not show in the chromatograph.

These results, along with those at Site 682, illustrate the diffi-
culties in assessing the validity of evidence of petroleum. These
problems are compounded both by the variability which we en-
countered in the organic content of even closely spaced sedi-
mentary zones and by sporadic organic contamination at all
stages of recovering and handling samples, that is, drilling, core
recovery, core processing, and analysis. We frequently found it
difficult to reach a completely unambiguous conclusion.

INORGANIC GEOCHEMISTRY

Introduction

Three of the four holes drilled at Site 679 were sampled for
inorganic chemical analysis of interstitial water. Only whole-
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round (5 to 10 cm long) samples were analyzed in Holes 679C
and 679E. In the first six cores from Hole 679C, a combination
of whole-round (5 to 10 ¢cm) and 50-cm?® samples from split
cores were analyzed; below these cores, only whole-round sam-
ples were taken. The split sections were sampled between 0.5
and 1 hr after the whole-round sections.

The samples from Hole 679E are composed of hard, indu-
rated sediment pieces sandwiched between gray mud. In two of
these samples, the indurated sediment and the matrix mud were
squeezed separately. The salinity, chlorinity, SO,*~, and NH,*
are similar in both. In the indurated fraction, alkalinity, Ca2*,
Mg?+, and silica concentrations are, however, somewhat lower
than in the matrix mud.

Major decreases in salinity and chlorinity to 20.1 g/kg and
360.80 mmol/L, respectively, were observed in Hole 679E; this
was in the mudstone-siltstone turbidite zone below about
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Figure 24. Gas chromatograms of extract of Sample 112-679-12X-1 (72~
73 ¢cm) in hexane and of a standard mixture of alkanes in hexane.
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Figure 25. X-ray diffraction pattern of minerals in Sample 112-679-12X-1 (72-73 cm).

260 mbsf. Such a major decrease in salinity indicates dilution by
freshwater. This may relate to flow of either ancient or recent
freshwater from an aquifer in the Andes or the presence of a
fossil freshwater lens. The latter case indicates subsidence on
the order of several hundred meters since late Miocene time. We
excluded dilution by dissociation of gas hydrates on the basis of
the low CH, concentrations measured by shipboard organic
geochemists (see “Organic Geochemistry” section, this chap-
ter). Every other chemical component measured within this
depth interval is also strongly diluted within this freshwater lens
(see Figs. 26 through 31 and Table 8).

Diagenetic francolite most probably controls the constant
phosphate concentration of 3 to 4.5 pmol/L to 180 mbsf. Dolo-
mite formation may cause a slight downhole increase in Ca?*
concentrations from dissolution of calcite and a much steeper
downhole decrease in Mg?*+ concentrations at a burial depth of
between 1.5 and 170 m. We observed stronger negative Mg2*
profiles at greater depths, suggesting an increased rate of dolo-
mite formation and continuation below the depth at Site 679.

Sulfate reduction continues unexpectedly to a depth of be-
tween 140 and 170 mbsf; at > 170 mbsf sulfate concentrations
are <1 mmol/L. Perhaps sedimentation rates on the order of
5 cm/k.y. allow this sulfate diffusion to keep up with sulfate
consumption. i

Methods of Analysis

Interstitial waters were obtained by routine shipboard squeez-
ing of sediment samples (Manheim and Sayles, 1974) almost im-
mediately after retrieval of the cores. These samples were squeezed
at room temperature. No in-situ samples were taken at this site.
The analytical program includes salinity, chloride, pH, alkalinity,
calcium, magnesium, silica, ammonia, phosphate, and sulfate.

The following methods were used for our analyses:

Component Method Reference

Salinity Refractometer Manheim and Sayles, 1974
Chloride Titration Gieskes,. 1974

pH Gieskes, 1974

Alkalinity Titration Gieskes, 1974

Calcium Titration Gieskes and Lawrence, 1976
Magnesium  Titration Gieskes and Lawrence, 1976
Silica Colorimetric Mann and Gieskes, 1975
Ammonia Colorimetric Gieskes, 1974

Phosphate  Colorimetric Gieskes, 1974

Sulfate Ion chromatography  Gieskes and Peretsman, 1986

Results of Analyses

Chloride and Salinity (Fig. 26 and Table 8)

Both chloride concentrations and salinity are constant in the
uppermost 140 m. As shown in Figure 26, chloride concentra-
tions in the uppermost 172 m are close to the standard seawater
(IAPSO) value of 559 mmol/L (19.367 g/kg), except for a maxi-
mum of 562 to 564 mmol/L between 29 and 40 mbsf. Salinity,
however, decreases slightly between 140 and 172 mbsf from ap-
proximately 34.1 to 31.8 g/kg just before the chloride values de-
crease. This slight decrease in salinity may indicate the proxim-
ity of the upper boundary of the freshwater lens in the coarser-
grained mudstones and siltstones of lithologic Unit IV below.
At 348 mbsf, small but significant increases in both salinity and
chloride are observed that may indicate the proximity of the
lower boundary of the freshwater lens. Thus, the minimum
thickness of the freshwater lens is about 100 m. However, slight
contamination by drilling water cannot be excluded.
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Figure 26. Concentrations of Cl~ at Site 679.

Alkalinity and Sulfate (Fig. 27)

Between 1.4 and 172 m, the alkalinity profile is almost a mir-
ror image of the sulfate profile. Sulfate rapidly decreases in the
uppermost 10 m, from 28 to 24 mmol/L (4 mmol/L/10 cm).
Between 10 to 145 mbsf, sulfate decreases at a slower rate (at an
average rate of about 1.3 mmol/L/10 m). At a depth between
145 to 170 mbsf, sulfate reduction is complete. Steep increases
in methane concentrations occur in this same depth interval, as
observed by the organic geochemists (“Organic Geochemistry”
section, this chapter). Sulfate concentrations then remain below
1 mmol/L. At 345 mbsf, however, the 2 mmol/L SO,2~ that was
measured results from slight contamination of seawater in the
hole. Alkalinity continues to increase even in the freshwater
lens, suggesting continued extensive bacterial activity.

Ammonia (Fig. 28)

Ammonia concentrations increase continuously with depth
between 1.4 and 172 mbsf at an average rate of 30 umol/L/
10 m. Unlike alkalinity, which continues to increase with depth,
ammonia reaches a maximum concentration of 5.08 mmol/L at
172 m. We observed a small decrease to a minimum of
4.07 mmol/L in the center of this freshwater lens.

Phosphate (Fig. 29)

Phosphate concentrations do not increase with depth; from
1.4 to 172 mbsf all phosphate values are similar (i.e., between 3.5
and 5 ymol/L. In all previous sites drilled by DSDP phosphate
concentrations increase rapidly with depth to 200-300 umol/L in
organic-rich sediments (for example, DSDP Legs 64, 67, and
87). At Site 679, francolite (carbonate-F-apatite) solubility, the
most common authigenic phosphate mineral, may control the
phosphate concentration of the interstitial waters. Phosphate
concentrations decrease significantly in the freshwater lens.

Silica (Fig. 29)

Silica concentrations are sensitive indicators of lithological
changes and fluid flow. In these diatom-rich sediments, silica
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concentrations increase rapidly. We measured high silica values
of 650 to 750 pmol/L at only 1 to 3 mbsf. Between 20 to
172 mbsf{, silica concentrations in excess of 1100 ymol/L are in
equilibrium with opal-A. Silica concentrations are highly di-
luted in the freshwater lens, accordingly these were undersatu-
rated with respect to opal-A. This may be the reason for the
complete absence of diatoms in the mudstone-siltstone sedi-
ments of lithologic Unit IV. Diatoms that are bathed in a solu-
tion of approximately 300 pmol/L of silica dissolve rapidly.

Calcium and Magnesium (Figs. 30 and 31)

Small differences in Ca®* (and to a lesser extent in Mg?*)
concentrations between Holes 679C and 679D were observed
from 1.4 to approximately 40 m. Ca?* concentrations were gen-
erally somewhat higher in Hole 679C. On the basis of smear-slide
observations, Hole 679C sediments are more calcareous than
those of Hole 679D at this depth interval. Below 40 m, Ca** and
Mg?* concentrations in interstitial water from both holes remain
the same (Figs. 30 and 31; Table 8). Below 40 mbsf, Ca?* concen-
trations in interstitial water increase with depth, and Mg?* con-
centrations decrease with depth. The Ca* profile is considera-
bly less steep than the Mg?* profile. Some dolomite was ob-
served in this depth interval (see “Lithostratigraphy” section,
this chapter).

The calcium and magnesium distributions may be explained
by one of the following three dolomitization reactions or any
combinations thereof:

Ca?* + Mg?* + 4HCO,_ 2 CaMg(CO;), + 2CO, + 2H,0,(1)
2CaCO, + Mg** 2 CaMg(COy), + Ca?*, @
CaCo, + Mg?* + 2HCO,_ 2 CaMg(CO,), + CO, + H,0.(3)

Reaction 1 requires decreases in both Ca2* and Mg?+, which
was not observed. If Reaction 2 were the only dolomitization re-
action, Ca?* and Mg?* concentration profiles would exhibit op-
posite gradients but would have similar slopes, which we did not
observe either. If Reaction 3 were dominating the system, Ca?*
concentrations would not increase. However, Ca?* increases are
seen in Figure 30. Therefore, we concluded that a combination
of dolomitization reactions occurs in these sediments.

In the freshwater lens, both Ca?* and Mg?* concentrations
decrease because of dilution. Note that the Ca?* profile is topo-
logically almost identical to that of silica. Indeed, carbonate
microfossils are absent, as are diatoms, in lithological Unit IV
and may be preferentially dissolved from this lithology.

Influenced by freshwater, Mg?* concentrations decrease in
the zone. However, unlike all other interstitial-water profiles,
including Ca®* (which increases in concentration below
310 mbsf), Mg?* continues to decrease between 320 to 345
mbsf. We suggest that at greater depths, extensive dolomitiza-
tion continues to be the major sink for dissolved magnesium.

PALEOMAGNETICS

Introduction

A shipboard paleomagnetic study was conducted to obtain a
detailed magnetostratigraphy of the sedimentary cores. The up-
per 30 m of each core possessed a strong magnetic signal that
was easy to measure with the on-board spinner magnetometer.
The shipboard cryogenic magnetometer was unavailable for use
during this leg. The deeper sediment sections were characterized
by weak magnetic moments (<0.05 mA/m). These samples
could not be measured on board ship. Shore-based studies con-
ducted after the cruise will use a cryogenic magnetometer. We
hope that during these studies we will be able to measure the
weak remanence of these samples successfully.
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Results

Although the demagnetization steps used here were crude,
the rapid accumulation of cores for this site (about 1 core every
30 min) did not allow for more detailed demagnetization be-
tween 0 and 150 Oe. Vector plots of the samples show that be-
ginning the demagnetization at 150 Oe did not destroy the char-
acteristic signal. In fact, most useful samples showed unidirec-
tional decay of their magnetic behavior between 150 to 300 Qe
(Fig. 32). The magnetic character of these sediments formed
three distinct subsets. These subsets are described as follows:

1. Samples that showed unidirectional decay of magnetiza-
tion during demagnetization. This was the common behavior of
the samples in the upper 30 m of the section (Fig. 32A).

2. Samples having an NRM too weak to be measured with
the Molspin. This behavior was observed for most of the sam-
ples collected from below 30 mbsf,

3. Samples having magnetization carried by a phase with a

high coercive force. We could not unblock this phase with alter-
nating-field demagnetization. This behavior was characteristic
of all samples taken from gray sand zones (Fig. 32B).

Figures 33, 34, and 35 show inclination values vs. depth
from samples that fit into subset 1. The value selected and re-
ported in the plots is the 150 Oe demagnetization value, which
was selected based on the vector plots. The ages assigned to the
reversal time scale are based on discussions with the paleontolo-
gists on board the ship.

Hole 6794

Samples collected from the only core showed normal polar-
ity and are believed to belong to the Brunhes Chron (Fig. 33).

Hole 6798

This hole started with reversed polarity (Fig. 34), suggesting
that a significant interval representing all or part of the Brunhes
Chron is missing. Paleontological correlations, however, suggest
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Figure 29. Concentrations of silica and POJ~ at Site 679.

that this hole represents sediments deposited during the Brunhes
Chron. The upper part of this hole may represent rocks depos-
ited during one of the numerous reversed events proposed as oc-
curring during the late Cenozoic. The lack of detailed paleonto-
logical age controls for this hole does not allow us to correlate

this reversed polarity period.
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Hole 679D

Our best polarity data for Site 679 comes from this hole (Fig.
35). The Brunhes/Matuyama boundary was found near
7.5 mbsf. Nannofossil data (see “Biostratigraphy” section, this



Table 8. Geochemical data for interstitial water at Site 679.

SITE 679

Sample Depth Salinity ~ ClI™ Alkalinity ~ SO%~ NH,* PO}~ ca?t Mg+ Si0,
(cm) (mbsf) pH (g'kg) (mmol/L) (mmol/L) (mmol/L) (mmol/L) {pmol/L) (mmol/L) (mmol/L) (pmol/L)

112-679C-1H-1, 140150 14 7.6 348 55515 4.81 26.49 0.17 431 + 0.15 10.83 50.37 636.2
679D-1H-2, 148-150 3.0 74 344 55804 5.06 25.74 0.38 10.41 51.58 755.1
679C-1H-4, 140-150 59 1.7 349 55611 6.56 25.15 0.44 10.86 51.96 695.7
679D-1H-4, 145-150 59 7.5 342 558.04 6.17 22.45 0.49 3.91 + 0.15 10.32 52.00 7771
679C-2H-2, 128-138  11.8 7.3 339  (554.19) (6.10) 23.95 0.60) (299 + 0.14)  (10.29) (50.56)  (845.3)

679D-2H-3, 109-120 120 7.4 34,0 - 5.98 24,05 0.64 10.49 = —
679C-3H-1, 140-150  19.9 7.3 342  559.96 7.41 23.33 0.80 3.91 + 0.14 10.91 51.01 1016.9
679D-3H-3, 140-150  21.8 7.6 344  558.047 7.43 233 0.88 10.80 49.90 1241.4
679C-4H-1, 140-150  29.4 7.5 340  562.85 7.64 22.74 0.96 3.19 + 0.14 11.04 50.15 1223.8
679D-3H-5, 81-93 33715 341 562.85 6.21 21.3 0.71 10.91 49.61 1093.9
679C4H-5, 140-150 354 7.7 34.2 564.85 7.83 22.21 1.06 3.91 + 0.14 1111 49.75 1102.8
5H-3, 60-72 40.0 7.6 341 562.85 7.04 21.89 1.20 4.93 + 0.16 10.89 48.82 1093.9
679D-6H-3, 140-150 503 7.6 340  558.04 8.16 20,52 1.45 2.58 + 0.14 11.05 47.03 1098.4
679C-6H-3, 135-145 513 7.7 340  561.89 8.18 20.49 1.45 11.01 47.48 1166.6
BH-5, 140-150 734 7.6 340  558.04 8.38 17.37 1.99 3.50 + 0.14 11.00 44.78 1237.0
679D-9H-3, 140-150  78.8 7.7 338 558.04 9.08 16.99 2.01 3.19 + 0.14 11.20 45.17 1093.9
17x-1, 140-150 1438 7.8  33.0  559.96 11.64 7.31 3.73 7.68 + 0.17 11.36 39.44 1173.2
20X-1, 115-125 1720 7.6  31.8 560.92 9.56 1.07 5.08 3.09 + 0.14 15.29 30.60 1309.6
679E-4X-3, 140-150 2752 7.6 222 387.74 15.37 1.07 4.66 — 8.91 14.73 691.3
6X-2, 140-150 2927 7.6 20.2 362.72 15.28 0.54 4.66 - 6.49 9.87 301.7
6X-2, 140-150 %2927 7.6 201 360.80 16.56 0.03 4.07 0.54 + 0.13 7.23 10.76 513.0

9X, CC 33197 20.2 - — = -— - — —
9X, CC b3197 7.6 202 344.44 16.61 0.75 4.20 1.25 + 0.13 7.63 9.79 574.6
12X-1, 140-150 3482 20.8 360.80 - 1.88 4.33 9.14 9.18 781.5

2 Indurated sediment pieces.
Matrix gray mud.

chapter) suggest that the upper part of the Matuyama Chron
and the Jaramillo event are missing from the section. The next
eight sections (down to 25 mbsf) have reversed polarity and may
be identified as the Matuyama Chron. The Olduvai event was
found at 25 mbsf. Below 30 mbsf, the intensities in these sam-
ples fell below the measuring threshold of the magnetometer.

We observed two interesting phenomena while measuring
samples. First, all samples from the upper three cores were char-
acterized as relatively strong (>1 mA/m) with stable magneti-
zations. The low coercivity components from these samples
were easily removed, yielding higher coercive force components
that showed a unidirectional decay in magnetization at higher
levels of demagnetization. Samples collected from similar lithol-
ogies for deeper cores (> Core 112-679D-3H) showed strong de-
terioration of the magnetic signal. We did not measure these
deeper samples. As we observed this phenomenon in samples
from two separate holes, it may be related to a depth-dependent
diagenetic effect that replaces the magnetic phase (believed to be
magnetite) with pyrite.

Second, we observed that the coarser-grained samples were
characterized by either unstable magnetizations or by a magnetic
phase (or phases) with a high coercive force (hematite?). These
rocks did not respond to alternating-field demagnetization.

Magnetic Susceptibility

Magnetic susceptibilities were measured in cores from Holes
679A through 679E. The Bartington M.S.1 magnetic-suscepti-
bility meter was used to measure sections of whole core at 3-cm
intervals. Measurements were initiated and terminated 6 cm
from the ends of a given section to avoid edge effects. It was im-
possible to obtain measurements over the entire length of all
cores in the time available, so we surveyed only one section in
each core (typically Section 3). Holes 679B and 679C were the
most extensively measured, as at least one section in each of the
first seven cores was measured. Results are unclear and suggest
that because the cores were not allowed to reach ambient temper-
ature, some drift from instruments occurred from thermal ef-
fects. In addition, the percentage of saltwater in these whole cores
may account for some strongly negative susceptibility values.
These cores will be measured further at shore-based laboratories.

PHYSICAL PROPERTIES

Introduction

Whole-round cores from Hole 679C were reserved for shore-
based study, although GRAPE and velocity measurements with
the flow-through P-wave logger (PWL) were conducted on se-
lected samples from this hole. Samples were obtained from
good quality APC and XCB cores. Physical-properties measure-
ments were limited in the lower sections of the holes, particu-
larly between 150 and 250 mbsf owing to poor core recovery and
drilling disturbance in these intervals. Within the XCB zone,
shear strength was not measured because of sample disturbance.
Index properties and velocity measurements were measured over
these intervals on coherent sediment blocks or “biscuits.”

Index Properties

The index properties measured at Site 679 include bulk den-
sity, porosity, water content (reported as a percentage of dry
sample weight), and grain density (Table 9). The methods used
to measure the index properties at Site 679 were the same as
those specified in the “Explanatory Notes” (this volume) Sam-
ples for index properties were generally taken at 3- to 5-m inter-
vals (two or three per core), if time allowed. We also measured
densities using the GRAPE on at least one section per core,
with more sections included if time allowed.

Figure 36 shows GRAPE data and the index-property mea-
surements for these samples. Figure 37 illustrates the downhole
variations of water content, porosity, and bulk density for Holes
679B, 679D, and 679E. The upper 100 m of the site is character-
ized by high water content, with values greater than 100%, and
porosities generally greater than 80%. Units I and 11 can be dis-
tinguished on the basis of index properties. Water contents in
Unit I range from 150% to nearly 400% in one sample, while
Unit I1 shows lower water contents of between 100% and 200%.
The unit boundary is characterized by a steplike change in the
index properties. This is particularly obvious in the marked in-
crease in bulk density across the boundary from values of less
than 1.4 g/cm? to values between 1.4 and 1.7 g/cm?. Low bulk
densities correspond to the high water contents and porosities.
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ization is clearly not affecting the magnetic components of these sam-
ples.

Below 100 mbsf the number of measurements decreased, but
the boundary between Units II and III appears to be marked by
a significant downward decrease in water content and porosity
and a corresponding increase in bulk density. Water content
(70%-100%) and porosity (50%-75%) increase again below the
unit boundary, whereas bulk density (1.4-1.8 g/cm?®) increases.
The change appears to be associated with the boundary interval
itself, rather than a contrast between the two units.

The Unit IV boundary is not well constrained by the index
properties as sampling was sparse. Unit IV shows low values of
water content (less than 30%) and porosity (less than 50%), and
bulk densities greater than 2 g/cm?.

Compressional-Wave Velocity

The PWL operated in conjunction with the GRAPE. Veloci-
ties were also measured with the Hamilton Frame using the
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method outlined in the “Explanatory Notes” (this volume). In
most cases, velocities were measured in both horizontal and ver-
tical directions. We examined computer printouts of the PWL
data to discard values obtained from low-amplitude returns. In
such cases, the signal return probably cannot be distinguished
from system noise, resulting in our measuring anomalous veloc-
ity values. This was the case for many sections of APC cores
(where voids occurred) and for almost all XCB cores.

Velocities in Units I and II are relatively constant, near
1500 m/s down to 100 m. These low values (near the the velocity
of water) undoubtedly reflect the high water content of the sedi-
ments in Units I and II. No useful data were obtained below
Unit II at Site 679. We did obtain more reliable velocity mea-
surements for the lower parts of Hole 679E using geophysical
logging (see “Logging” section, this chapter).

Vane Shear Strength

We measured undrained vane shear strengths using the appa-
ratus and plotter described in the “Explanatory Notes” (this
volume; Table 10). However, the flat stress-strain curves ob-
tained using this equipment led us to believe that it was not op-
erating correctly. A few measurements were performed using the
Wykham-Farrance vane apparatus. Values obtained from the
two methods did not compare favorably. Thus, the data ob-
tained from the vane/plotter apparatus are not reported here.

Thermal Conductivity

We measured thermal conductivity using the needle-probe
method on samples recovered at Hole 679D down to
171.6 mbsf. Below this depth, samples were too disturbed or too
hard to measure. The values obtained are listed in Table 11 and
plotted vs. depth in Figure 38. Thermal conductivity is generally
about 0.7 W/m - K in lithologic Units I and II. Several high val-
ues observed in Unit I seem to be related to the existence of nod-
ules or sandy layers. The thermal conductivity in Unit III is
about 0.85 W/m - K. The increase near the boundary between
Units I1 and III probably corresponds to the decrease in the wa-
ter content, since the thermal conductivity of ocean sediment is
determined mainly by its water content (Ratcliffe, 1960).

Discussion

The physical properties at Site 679 indicate a close relation-
ship with the top two lithologic units and with the boundary be-
tween Units II and III. Differences in lithology have a major
impact on index properties and particularly the vane shear
strength as measured with a vane shear device. For example, in-
creases in silt and sand content are known to have an obvious
effect on water content, porosity, and bulk density. The high
water content and porosity of these diatomaceous muds indicate
that the sediments have an open framework similar to silts and
sands. Keller (1983) interpreted the high water contents of Peru
slope sediments to be related to high organic-carbon contents. It
seems more likely that diatom skeletons provide the open-pore
structure required to maintain high water contents. Further work
on the microscopic fabric of these sediments will be required to
confirm this hypothesis.

Nevertheless, changes in physical properties at the Unit 11/
Unit I1I boundary are difficult to explain. The lithologic bound-
ary is marked by poor core recovery and gravelly phosphatic
beds. The sequences on both sides of the boundary commonly
contain well-developed dewatering structures. Synthesis of the
site data with a detailed analysis of the effects of lithological
variation may provide a further explanation of the physical-
property behavior at this boundary.

The unconformable boundary between Units III and IV is
not well documented by physical properties, although velocities
and bulk densities are substantially higher in lithologic Unit IV
than in the overlying units.
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Figure 34. Magnetostratigraphy for Hole 679B from samples demagnetized in a 150-Oe alternating field. The
Brunhes Chron is not represented in this core, inferring that the upper part of the section was eroded. The core
is believed to represent the Matuyama Chron and Jaramillo event.

GEOPHYSICS

Seismic Records

Site 679 was located on seismic record Peru-14, a 24-channel
line surveyed by the Hawaii Institute of Geophysics during the
JOIDES-funded site survey (Fig. 39). Since both the Leg 112 pa-
leoceanographic and tectonic objectives were addressed at this
site, the upper reflections obscured by the long outgoing signal
on the multichannel record were projected from a single-chan-
nel record, YALOC-740320. Thus, the seismic data to locate the
optimum structure for our paleoceanographic objectives had
not been well established before the Resolution arrived in the
area of the site. Those objectives required that only the thin dis-
tal edge of a mud lens be present at the site, whereas those for
the tectonic objectives required shallow basement and an ab-
sence of faults. Site 679 was selected as the ship ran a single-
channel seismic record along the track of Peru-14 just shore-
ward of a large normal fault and just beyond where the mud
lens was visible in the 3.5-kHz record (Fig. 40).

The single-channel record run from the Resolution was made
with a single 80-in.? water gun (Fig. 41). The width of the out-

going signal appears to be about 50 ms at the strong seafloor re-
flection, whereas the outgoing signal in the multichannel record
is about 100 ms long. In the multichannel record the subhori-
zontal reflections appear to contain unconformities that are
more apparent farther downslope where the section has ex-
panded almost twice. An unconformity at 320 ms below the sea-
floor is visible in both the single- and multichannel records. Ap-
plying the velocities from the PWL and sonic velocity log (see
“Physical Properties” and “Logging” sections, this chapter),
the unconformity at a depth of 255 m corresponds to a major
lithostratigraphic and biostratigraphic break that was observed
in cored material. A second major unconformity occurs on the
basement surface. That surface was not drilled at this site. Its
projected depth, using a velocity of 2 km/s, is about 100 m be-
low the bottom of the maximum depth penetrated, or 460 m.
Although the seismic records appear to indicate few defor-
mational features other than numerous normal faults, the upper
unconformity represents a major tectonic break. Several small
folds occur below the unconformity in the upper-slope area. In
the midslope area this unconformity cuts a highly deformed se-
quence of strata immediately overlying the crystalline basement.
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of the Matuyama Chron.

This unconformity and the basement were targets at the site
proposed for the midslope area, where it occurs at about three
times the depth and thus was not within reach on the lowest part
of the slope.

Heat Flow

Temperature Measurements Using APC Tools

Two APC tools were run in Hole 679D during the recovery of
Cores 112-679D-6H and 112-679D-7H. In both cases, the preset
recording time was too short, so that the tools stopped record-
ing temperature before a valid reading could be obtained. We
could not measure temperature with the APC tools and the T-
probe because of hard sediments.

Temperature Data From Wireline Logging

Two temperature logs were run with the Schlumberger tool in
Hole 679E (see “Logging” section, this chapter). The tempera-
ture in the hole was disturbed by fluid circulation during drilling.
Following the method described in the “Explanatory Notes” (this
volume), the undisturbed formation temperatures were calcu-
lated from 90 to 285 mbsf and plotted with the logged tempera-
tures in Figure 42, Because the equilibrium temperatures were
estimated from these temperature data at only two different
times, separated by a short time interval, the errors in the equi-
librium temperatures might be too large.

Several deflections can be observed in the temperature vs.
depth profile. The deflection at about 250 mbsf obviously is
valid because we also can observe it in the original logs. Other
deflectors may result from errors in extrapolation.

Thermal Conductivity From Logging

Thermal conductivity was estimated from wireline-logging
data for the depth range of 80 to 290 mbsf using the procedure
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described in the “Explanatory Notes” (this volume). The results
are presented in Table 12 and in Figure 43 (indicated by pluses).

The thermal conductivity generally increases with depth in
lithologic Unit I11. A decrease in thermal conductivity occurs at
240-250 mbsf, which may correspond to the unconformity be-
tween Units III and IV. Thermal conductivity values measured
by the needle-probe method (see “Physical Properties” section,
this chapter) were corrected to in-situ temperature and pressure
conditions and are plotted in Figure 43 (indicated by circles).
Thermal conductivities estimated from logging data seem slightly
higher than those found using the needle-probe method.

Heat Flow Estimation

The change in temperature gradient at about 250 mbsf is too
large to be explained by the variation of thermal conductivity.
This change suggests that the vertical conductive heat flux is not
continuous at this depth. One possible explanation is that some
fluid flow carries heat advectively. The logging data show that
resistivity, velocity, and density increase significantly at
255 mbsf (the boundary between logging Units C and D), which
corresponds to the unconformity between lithologic Units III
and IV. Possibly a water flow occurs along this boundary, caus-
ing a large deflection in the temperature profile near 250 mbsf.
The salinity data obtained by logging and interstitial-water anal-
yses for our samples indicate the existence of upward-flowing
water below 255 mbsf (see “Inorganic Geochemistry” and
“Logging” sections, this chapter). Such fluid movement also
can result in a nonlinear temperature profile.

The mechanism of heat transfer is probably conductive from
90 to 240 mbsf. Thermal resistances of sediment layers for this
depth range were calculated from the thermal conductivity val-
ues measured by both the needle-probe method and logging
data. We assumed the thermal conductivity measured by the
needle probe was constant (1.0 W/m - K) below 172 mbsf be-



Table 9. Summary of index properties for Site 679, Leg

112.
Bulk Water Grain
Core/ Interval  density  Porosity contents densit;
section {cm) (g/cm3) (o) (7o) (g/em3)
Hole 679B
3H-4 32 1.24 87.32 250.3 -
4H-4 37 1.26 86.78 240.06 2.25
5H-2 52 1.24 86.65 250.25 2.18
5H-4 74 1.33 79.83 160.81 2.29
SH-6 23 1.99 43.51 28,79 2.63
6H-3 51 1.34 79.47 153.20 2.17
6H-6 54 1.38 76.90 133.30 2.26
TH-2 52 1.41 76.88 126.38 2.23
TH-4 76 1.56 64.57 73.76 2.31
TH-6 67 1.35 77.89 145.61 2.18
8H-2 67 1.29 79.52 169.61 2.10
8H-4 74 1.45 72.36 104.53 2,33
8H-6 87 1.30 80.12 172.55 2.03
9H-2 58 1.34 80.81 163.13 2.19
9H-4 76 1.44 69.98 98.72 2.12
9H-6 60 1.30 82.01 182.69 2.04
10H-2 85 1.34 79.81 155.11 2.28
10H-4 67 1.43 74.74 115.46 2.29
10H-7 57 1.31 80.45 168.36 2.22
11H-1 38 1.45 74.53 111.67 227
12H-2 63 1.46 71.15 99.21 2.30
12H-3 60 1.76 53.25 45.08 2.39
Hole 679D
IH-2 61 1.26 B2.64 207.32 2.04
1H-5 62 1.30 89.84 169.23 2.21
2H-1 92 1.36 71.20 138.52 225
2H-2 70 1.31 80.42 168.38 2.24
2H-3 130 1.24 85.71 245,80 1.95
3H-1 71 1.33 78.10 150.56 2:25
3H-2 65 1.24 86.36 246.86 2.12
3H-3 71 1.20 88.47 311.20 2.03
3H4 69 1.21 85.98 270.00 1.98
3H-6 68 1.31 80.42 168.50 2.06
4H-2 70 1.35 80.52 158.35 2,35
4H-6 70 1.19 92.40 391.24 2.20
5H-3 75 1.48 71.17 96.81 2.45
5H-4 70 1.36 79.72 151.07 2.34
6H-1 112 1.34 78.02 146.66 2.13
6H-3 65 1.40 76.64 127.63 2.34
6H-5 68 1.34 80.86 162.36 2.24
7H-2 77 1.28 81.70 188.47 2.15
TH-4 64 1.33 76.79 144,70 2.12
TH-6 76 1.32 81.42 169.57 2.12
8H-2 66 1.28 82.43 192.56 2.06
8H-4 81 1.26 83.11 210.54 1.99
8H-6 83 1.32 77.91 153.84 2.15
9H-2 92 1.32 81.52 173.62 2.19
9H-4 62 1.34 80.81 160.55 2.09
9H-5 82 1.29 80.48 175.51 2.23
10H-4 63 1.38 76.69 131.77 2.23
11H-1 56 1.64 66.46 71.21 2.63
11H-3 53 1.40 77.68 131.18 2.46
12H-1 25 1.81 53.66 43,78 231
13X-1 39 1.47 72.58 102.27 2.36
14X-2 45 1.59 68.11 77.80 2.52
15X-1 72 1.48 74.60 107.28 2.49
17X-1 82 1.43 75.02 116,13 2.49
19X-1 112 1.43 74.31 114.24 233
20X-1 90 1.58 68.13 79.16 2.55
Hole 679E
2X-1 87 2.13 35.07 20.18 2.73
IX-1 27 2.03 46.33 30.53 2.70
8X-1 66 2.02 44.59 29.22 2.62
9X-1 89 1.95 43.09 29.19 2.58
10X-1 %0 2.03 43.35 28.08 2.63

H = hydraulic piston; X = extended core barrel.

cause no data were available. We estimated the heat flow from
90 to 240 mbsf was 27 and 29 mW/m? for the needle-probe and
logging thermal conductivities, respectively.

The bottom-water temperature determined from logging is
11.1°C (see “Logging” section, this chapter). Thus, the temper-
ature difference between the seafloor and 90 mbsf is 3.0K.
Combined with the thermal resistance calculated from needle-
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probe thermal conductivities, the heat flow from 0 to 90 mbsf is
24 mW/m?2. However, this may not be a reliable value because
the bottom-water temperature is not stable in a shallow shelf
area such as Site 679.

These heat-flow values are lower than the values measured by
conventional surface heat-flow probes on the landward slope of
the Peru Trench (Yamano, 1986) and those obtained at Sites 686
and 687, which are also located on the shelf of the Peru margin
(see “Geophysics” sections, Sites 686 and 687 chapters). The
heat-flow pattern might be affected by a possible advective wa-
ter flux in the deeper part of Site 679 below 250 mbsf.

LOGGING

Hole 679E was logged continuously from 73 to 341 mbsf on
4 November 1986. Logging data were obtained from the Long
Spaced Sonic (LSS), Caliper, Dual Induction (DIT), Gamma
Ray (GR), Gamma Spectrometry (GST), Aluminum Clay (ACT),
Natural Gamma Spectrometry (NGT), Temperature (AMS), Litho-
density (LDT), and Compensated Neutron (CNL). All these log-
ging tools were provided by Schlumberger Well Services.

Operations

Logging conditions for Hole 679E were excellent. All tools
were run through drill pipe to a depth of 73 mbsf, below which
depth the hole was open. We did not condition the hole before
logging; therefore, it was filled with seawater. The first logging
run, LSS/DIT/GR, reached 341 m; the fill was 18.3 m in 5 hr.
The second run, GST/ACT/NGT, reached 329 m; the fill be-
tween runs was 12 m in 6.5 hr. During the final logging run,
LDT/CNL/NGT, a bridge was encountered at 307 mbsf.

A bottomhole borehole temperature of 18.4°C was measured
at 1716 hr, during the second run (11 hr, 16 min after circulation
stopped). A second bottom-hole temperature measurement of
18.6°C was recorded during Run 3, after an additional 4 hr and
3 min had elapsed. At the end of Run 3, the temperature inside
the drill pipe at the mud line was 11.1°C. This last measurement
was 16 hr after fluid circulation was stopped. We consider it to
represent equilibrium ocean bottomwater temperature for Site
679.

Logging Measurements

The Schlumberger logging tools we used are described thor-
oughly in the literature (Serra, 1984; Anderson and Pezard,
1986) and will not be reviewed here. The log data, referenced to
zero depth at the seafloor, are presented in Figures 44 through
47. The water depth at Site 679 was 453.1 m below sea level (as
measured by the driller) and 452.1 m below sea level (as deter-
mined by the NGT log). The delta-Tho measurement, presented
with bulk density in Figure 44, is a log quality curve that in-
creases (above zero) as the borehole wall becomes more rugose
and/or enlarged.

The log data are consistent with a normal compaction trend.
Neutron porosity decreases with depth, while acoustic velocity,
bulk density, and resistivity increase with depth. Total natural
radioactivity (SGR) increases with depth; inspection of the con-
tributing elements indicates that both thorium and potassium
concentrations increase with depth.

The GST ratios (Fig. 47) are defined as follows:

H/(Si + Ca)
CI/H

Si/(Si + Ca)
Fe/(Si + Ca).

PIR, Porosity Indicator Ratio
SIR, Salinity Indicator Ratio
LIR, Lithology Indicator Ratio
IIR, Iron Indicator Ratio

(1]

These ratios were not corrected for borehole effect, so that as
borehole radius increases, PIR increases, while SIR approaches
the value associated with the borehole fluid (seawater).
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also shown (open circles).

Although borehole radius varies, no trend of increasing or
decreasing hole size with depth occurs, so the GST indicator ra-
tios do not require further study. No obvious trend is apparent
in the LIR measurement either, but the SIR does appear to de-
crease with depth (discussed next). The Caliper measurement
was obtained by logging downhole because a tool failed during
uphole logging; we consider this measurement to be qualitative
at best.

We observed that the photoelectric effect (PEF) measured
using the LDT (Fig. 44) increased with depth. Although nonlin-
ear with respect to mineral volume proportions, PEF may be in-
terpreted qualitatively based on the following ideal responses
(from Serra, 1984):

Mineral PEF
Quartz 1.806
Calcite 5.084
Dolomite 3.142
“Average shale” 3.42
Carbon-fluorapatite  5.68

The PEF measurement is relatively unaffected by variations of
formation porosity.
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Lithologic Unit III, spanning the interval from 101 to
245 mbsf in Hole 679D, was found to have low carbonate con-
tent (see “Lithostratigraphy” section, this chapter). Core recov-
ery in this interval averaged 25% (ranging from 102% to 0% re-
covery). This significant increase in PEF with depth suggests
that the average carbonate content in Unit III may be greater
than what we observed in the core; however, further analysis is
required to correct PEF for clay and phosphate response.

Lithologic Units

The logged interval may be divided into four distinct litho-
logic units that correspond to Units I1, III, and IV, described in
the “Lithostratigraphy” section (this chapter). The logging units
described next are listed starting from the shallowest depth
where logging data was obtained. In parentheses, following the
depth interval assigned to each log unit, is the associated litho-
logic unit and its assigned depth interval (see ‘“Lithostratigra-
phy” section, this chapter).

Logging Unit A, 73-92 mbsf (Lithologic Unit II, 45-101
mbsf)

The top of this unit was not defined by the logs because the
drill string was at 73 m. This unit is distinguished by consistent,
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Figure 37. Index-properties profiles for Site 679.

low velocities, densities, and resistivity. Sonic velocity is close to
the expected response to pure seawater, while density varies be-
tween 1.4 and 1.8 g/cm?. The Caliper log appears to be stuck at
14 in.; we suspect the hole is much larger.

In Hole 679B, we recovered almost 100% of the lithologic
Unit II cores. Core analysis for acoustic velocity (see “Physical
Properties” section, this chapter) agrees closely with the log,
while density was found to be somewhat lower in the laboratory.
Thus, we can describe this unit as being highly porous. Acoustic
velocity approaches the limiting value of pore-water velocity at
sediment porosities below the 80% value measured for this in-
terval in the core. Therefore, velocity is not a useful measure-
ment for characterizing highly porous rock.

The two uranium-bearing beds in logging Unit A may have
uranium concentrations comparable to logging Unit B uranium
peaks. The reduced magnitudes in logging Unit A occur be-
cause large boreholes attenuate the gamma rays emitted from
the formation. We do not recommend quantitative evaluation of
the logs in Unit A because we do not know the size of the
borehole.

Logging Unit B, 92-176 mbsf (Lithologic Unit II, 101-245
mbsf)

This unit is delineated at its top by a significant increase in
resistivity, velocity, and density above the values observed in log-
ging Unit A. The base of logging Unit B was chosen at the next
deeper marked increase in these same measurements. Borehole
size varies but overall we considered it acceptable for measuring
logs.

Uranium-bearing beds at 93, 102, 107, 111, 120, 131, 144,
and 156 mbsf correspond to a distinct gamma ray (SGR) cyclic-
ity. These beds are thought to contain phosphate nodules (see
“Lithostratigraphy” section, this chapter). Increased iron con-
tent, based on IIR, correlates with the uranium peaks; however,
the 1IR also shows numerous other peaks.

The reference signature of the SGR cycle may be taken be-
tween 143 and 154 mbsf. This signature consists of (moving
downhole from 143 mbsf) a large spike (uranium-bearing bed),
followed by a broad peak of lower magnitude, and then by de-
cay to much lower total radioactivity. This signature is apparent
for at least five cycles, as follows:
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Interval ~ Thickness Table 11. Thermal-conductivity data for Hole 679D.
(mbsf) (m)
Interval Depth  Thermal conductivity
i?;:} ;g :f Core/section (cm)  (mbsh) (W/m * K)
130-143 13 112-679D-1H-1 70 0.70 0.765
143-154 11 1H-3 70 3.70 1.018
154-162 8 1H-4 70 5.20 0.734
2H-1 80 8.70 0.884
. . . . ; 2H-4 7 13.10 0.673
The compression of cycle thickness is consistent with compac- 2H-6 73 16.10 0.669
tion. The uranium peak at 102 mbsf probably represents a sixth 3H-4 70 22.60 0.708
cycle; we suggest that there is an unconformity at 104 mbsf that 3H-6 70 25.60 0.791
has erased the remainder of this cycle. As reported in the “Bio- ;:; ;g ;;ég g‘gi‘f
stratigraphy” section (this chapter), an unconformity was de- SH.4 70 41.60 0.834
tected at 114 mbsf based on the biostratigraphy of Hole 679D. 6H-4 70 51.10 0.708
The top of lithologic Unit III (see “Lithostratigraphy” section, 6H-5 70 52.60 0.691
this chapter) at 101 mbsf corresponds to a change in the diatom gﬂ:‘s‘ ;g ;?'ég g:‘;:g
content of the sediment. 8H-6 70 73.10 0.755
9H-1 70 75.10 0.730
9H-2 70 76.60 0.704
Table 10. Summary of vane shear 9H-3 70 78.10 0.719
strength data, Site 679, Leg 112. 9H-4 70 79.60 0.693
9H-5 70 81.10 0.701
Core/  Interval Peak Residual :gﬁ'lz ;g g‘;?g ggg;
mdios W GFy 2 GH I0H3 70 8160 0.850
10H-4 70 89.10 0.848
7
Hole 6798 11H4 70 98.60 0.780
3H-4 39 113.56 44.22 11H-5 70 100.10 0.883
aH4 P 95.41 30.25 11H-6 70 101.60 0.914
SHA4 78 61.67 31.88 13X-2 21 106.11 0.864
SH-6 2 14.66 4.65 14X-1 70 114.60 0.831
6H-3 ST 15126 65.16 14X-2 70 116.10 0.812
6H-6 P 80.29 17.23 15X-1 70 124.10 0.895
7H-2 59 195.48 93.08 18X-2 70 154.10 0.842
7H-4 74 11985  51.20 18X-3 70 155.60 0.858
TH-6 60 80.29 37.23 19X-2 70 163.60 0.823
8H-2 65 77.96 39.56 20X-1 70 171.60 1.039
8H-4 40 83.31 46.54
8H-6 86 148.94 89.59
9H-2 63 39.10 15.82
9H-4 75 142.42 86.10 Lith.
9H-6 58 148.24 86.10 unit
10H-2 91 90.76 44.22 0 @ —%
10H-4 48 9308 4422 Te | o |
10H-4 66 96.58  47.71 [ 4
10H-7 62 133.34  74.00 ! 4 °
11H-1 36 38.86 12.80
12H-2 74 8424  32.58 ° e®
12H-3 66 130.31 44.22 I o® o
Hole 679D
I @ o
1H-2 70 16.29 6.98 = ’o‘
1H-5 70 89.56 17.45 o °,
2H-1 99 38.86 20.48 E
2H-2 45 4584 2327 2 100 ¢ o ° =
2H-2 114 47.24 17.45 -
2H-3 60 8239 3607 g o®
3H-1 67 4817 1513 .
3H-2 58 80.75 31.88
3H-3 84 83.54 30.95
3H-4 94 107.75 61.67 m ° =
3H-6 93 11403 58.18 *
4H-2 66 13.26 8.84 »
SHA3 82 11170 4422 *
5H-4 46 79.12 31.88
6H-1 117 86.10 30.25
6H-2 62 93.08 33.51 200 1 | ! |
6H-3 71 89.13 36.54 0.6 0.8 1.0
6H-5 71 144.98 72.14 Thermal conductivity (W/meK)
TH-2 76 70.51 23.27
TH-4 69 251,33 147.77 - R
TH-6 74 286.93 188.50 Figure 38. Thermal conductivity profiles for Hole 679D.
8H-2 71 200.83  103.56
8H-4 79 283.21  178.49 ) .
8H-6 82 170.35 93.08 Sedimentation rates of 80 m/m.y. were reported in the “Bio-
ggj gz ;é g-g 2;2-;2 stratigraphy” section (this chapter) for the interval 114-
OH.S 89 208.74 2493 244 mbsf in Hole 679D. Based on this rate, the gamma-ray cy-

clicity observed in Hole 679E has a period of less than 190,000
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Figure 39. Multichannel seismic record 14 showing the position of Site 679. U-1 and U-2 show depths of two major unconformities, at 255 and
about 460 m, respectively.

Beacon dropped

1331 UTC
1306: uTC ‘!3110 13|20 133(13 ‘!3I40 13150 14100
| | | | ] | ) JOIDES Resolution | el SRR
‘ Time: 1330 UTC S
| | | ] | | Julianday: 304 [ 1 | | . l
Range: 0-750 :
| | [ | cbobia s mecorer sz i i ol ]
{ Nt Date: 31 Oct. 86 -
[
f

| SRR GRS e e e R R A

I I 1 1 I & B I sy el i 1 i

Figure 40. A 3.5-kHz record made on board Resolution when approaching the site.

195



SITE 679

Beacon

1245 dropped Endsurvey
UTC | 1331 13'510
Direct ™ T. e naa b o e A
amival Srnivign Vb g e el '»--..a-x\‘—'.-.u.-.{m'l.'..i.rg.-....','..'.'...'.
' | Al r Site 679
widthof __ L
outgoing |
signal = =
0—e

Two-way traveltime (s)

o
I

[=]
T
SUSFVERRAG I F CE RSN st A ARy L

Figure 41. A single-channel record made on board Resolution when ap-
proaching the site.

yr (using the 15 m thickness of the top cycle as a maximum).
Decompaction is required for a quantitative study of cyclicity,
however.

Logging Unit C, 170-255 mbsf (Remainder of Lithologic Unit
I, 101-245 mbsf)

The base of this unit is marked by a transition to a relatively
dense rock. The interval corresponding to 253-257 mbsf in Hole
679D corresponds to total depth of Hole 679D. Logging mea-
surements in Units C and D (as discussed below) show a de-
creased, lower neutron porosity. Iron content seems to be re-
duced with respect to silicon and calcium, when compared with
the upper units. Thin, iron-bearing beds frequently are seen,
however.

Both potassium and thorium concentrations increase to a
significantly higher level at the Unit B/Unit C boundary, result-
ing in a higher average SGR below 170 mbsf. This probably re-
sults from a change of clay type, a conclusion that explains an
increase in PEF without a corresponding increase in calcium or
dolomite concentration. Interpreting PEF is complex and will
require further analysis.

High velocity measurements at 188, 195, 197, and 205 mbsf
correspond to slight density and resistivity changes, but other-
wise do not correlate with the rest of the logs. Although density
measurements are tentative because of a rugose hole (see delta-
rho, Fig. 44), the velocity maximum at 205 mbsf corresponds to
a slight decrease in density, while delta-rho indicates that the
hole is in good condition there. As these high-velocity beds do
not correspond to a lithologic variation (note also that PEF is
unaffected), velocity must be increased because of improved
grain-to-grain contact in the rock. Calcite cementation of silt
and sand layers reported in the “Lithostratigraphy” section (this
chapter) evidently is the cause as the volume of calcite present as
cement could not be detected in the logs.
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Figure 42. Logged temperature profiles (open circles and closed circles)
and extrapolated formation temperature (triangles), Hole 679E.

Table 12. Thermal conduc-
tivity data from wireline
logging, Site 679.

Depth  Thermal conductivity
(mbsf) (W/m - K)
80 0.89
90 0.89
100 0.90
110 0.92
120 0.91
130 0.95
140 0.96
150 0.93
155 0.95
165 0.97
170 0.98
180 1.02
185 1.06
190 1.03
200 1.03
210 1.06
220 1.01
230 1.01
240 0.96
250 0.97
260 1.02
270 1.04
275 1.00
285 1.04
290 1.01

Unit D, 255-341 mbsf (Lithologic Unit 1V, 245-338 mbsf)

The base of this unit was not determined by the logs as fill-
ing in the hole precluded reaching the total cored depth with
logging tools. The boundary between logging Units C and D
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marks a change to material having significantly faster velocity,
higher density, and lower porosity.

Pore-water salinity, as determined qualitatively from the SIR
(Fig. 46), records a change to fresher pore water at the logging
Unit C/Unit D contact. We also observed this change from
analyses of interstitial water and inorganic chemicals (see “In-
organic Geochemistry” section, this chapter). Based on the SIR
response, we observed that salinity increased between the two
high-porosity peaks at 276 and 279 mbsf and increased down-
hole until the porous interval at 297-200 mbsf was reached. Be-
low 299 mbsf, the SIR returns to the magnitude observed above
logging Unit D. We did not consider the statistical precision of
the SIR measurement, which may be similar to the variation
mentioned previously.

Several highly porous beds occur in logging Unit D. The
most noteworthy beds occur at 257, 276, 279, 297, and
299 mbsf. These units are characterized by a reduced PEF, an
increased LIR, and a reduced total SGR intensity. These log re-
sponses were consistent with a high-porosity sand having a low
clay content. Separation of the deep, shallow resistivity mea-
surements over these intervals indicates a relatively high permea-
bility, and the direction of separation confirms that the forma-
tion fluid is less saline than the borehole fluid. Invasion of bore-
hole fluid into permeable zones (where formation water salinity
differs from the borehole) results in a salinity profile detected by
the DIT.

An interpretation consistent with the salinity variation ob-
served in our logs and reported in the “Inorganic Geochemis-
try” section (this chapter), is that these porous sand intervals
provide permeability channels for an influx of freshwater. We
observed that uranium, which is washed out by water, decreases
to near zero, the lowest concentration observed at this site below
288 mbsf.

SITE 679

Our conclusion that fluid is diffusing uphole from permeable
beds is supported by an accumulation of uranium at 255 mbsf,
where the dense, calcareous (see PEF and LIR response) rock
presents a permeability constriction. Fluid upwelling is further
supported by interstitial-water studies at Site 680 (see “Inor-
ganic Geochemistry” section, Site 680 chapter).

Quantitative Analysis of Logging Data

A synthetic seismogram (Fig. 48) was calculated from the
log-derived density and velocity data for comparison with the
seismic section. Although there appears to be a good correla-
tion, a detailed comparison requires that the velocity model
used for seismic analysis be comparable to the measured veloci-
ties. The seismic section will be reinterpreted in light of the log-
ging data.

SUMMARY AND CONCLUSIONS

The Site 679 position on the outer continental shelf of Peru
enabled us to sample the distal edge of the sediment lens be-
neath a modern upwelling plume. We continued drilling into the
underlying section to sample ancient sediment presumably of a
similar origin but at different stages of diagenesis. In addition,
we wanted to sample the entire sediment column to the crystal-
line basement that extends offshore across the continental shelf
and down the upper part of the landward slope of the Peru
Trench. From that stratigraphic column, which at Site 679 is
one-third the thickness of the same section downslope, the verti-
cal tectonic motion of the shelf during the Andean orogeny was
to be established. Site 679 is the landward point on a transect of
sites targeted to investigate the vertical tectonic history of the
continental margin.

The four holes drilled at this site were in a water depth of
459-461 m, and the deepest penetration was to 359.3 mbsf. Drill-
ing in the hole stopped about 100 m above the crystalline base-
ment for safety reasons. We recognized five lithostratigraphic
units. We separated the first three units on the basis of diatom
and carbonate contents. The last units were principally mud-
stone and siltstone. Although we suspected many hiatuses, they
were difficult to recognize, except where marked by conglomer-
ates of phosphate nodules or by winnowed zones. Unit I (0-45
mbsf) consists of olive to dark-gray diatom-foraminifer mud. It
may be separated by a hiatus from Unit Il (45-101 mbsf) that is
composed of olive to black diatomaceous mud having numer-
ous microfaults and structures for escaping fluid. The first two
units were deposited under hemipelagic conditions and were
subject to winnowing by periodic bottom currents. Unit 1II
(101-245 mbsf), which had poor recovery, consists of olive gray
to very dark gray diatomaceous mud, silt, and fine sand. A se-
quence of well-preserved primary structures shows evidence of
clastic traction transport and possibly storm events. Unit IV
(245-338 mbsf), separated from Unit III by an unconformity,
consists of light gray to dark gray mudstone and siltstone having
periodic calcite cementation and frequent thin turbidite struc-
tures. A hiatus separates Unit IV from Unit V (338-
359 mbsf), which consists of very dark gray shale deposited in
anoxic pelagic and hemipelagic environments.

Because of the dysaerobic environment in the lower water
column, bioturbation did not obscure primary structures. Unit II
contains spectacular veins and dewatering structures that first ap-
pear at 57 mbsf. We did not observe these veins below
103 mbsf. They may be related to extensional and simple shear
deformation associated with gravity-related downslope settling
or movement along the fault adjacent to the site. The unusual
stiffness of the sediment at such a shallow depth could make the
layers particularly prone to brittle failure. An increase in pore
pressure also may have reduced the strength of the sediment.
Microfaulting in Unit IV displays compressional geometries.
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The sediment section reveals considerable early diagenesis.
In particular, we noted the early formation of carbonate-F-apa-
tite (francolite), dolomite, pyrite, and, to a lesser extent, of
opal-CT chert. These minerals form layers and nodules or are
disseminated within the sediments as cement in sandstones and
mudstones, or replace carbonates and opal-A. We conducted a
preliminary examination of the distribution of carbonate, phos-
phate, and opal-A. We observed an obvious progression of do-
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lomite formation downhole. Dolomite occurrences range from
disseminated rhombs, thin layers, and small nodules in the up-
per units to more massive beds and larger nodules in the deeper
units. We first observed calcite cementation in Unit III. Phos-
phates occur in friable layers (believed to have formed in situ)
and massive rounded pellets and nodules that have been concen-
trated by winnowing and reworking. A thin layer of opal-CT was
noted at 19.8 mbsf. Frequent layers of pure diatom tests seem to
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enhance early diagenetic processes, perhaps by providing in-
creased permeability and porosity for migration of chemical
reactants. To distinguish the authigenic minerals formed in situ
under the present chemical environment (from those formed
earlier and subsequently concentrated by reworking) will require
a more thorough investigation of this rich collection of early
diagenetic products at shore-based laboratories.

Establishment of the biostratigraphy of this site was based
on abundant siliceous microfossils and sporadic calcareous mi-
crofossils. Sedimentation rates, based on the preliminary dia-
tom and nannoplankton stratigraphy, are 140 m/m.y. in the first
64 mbsf, 10 to 20 m/m.y. from 64 to 114 mbsf, and 80 m/m.y.
from 114 to 244 mbsf. Each of these intervals appears to be sep-
arated by a major hiatus. Planktonic foraminifers and diatom
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assemblages indicate temperate surface-water temperatures sim-
ilar to those found today along the Peruvian coastal upwelling
areas. Benthic foraminifers occur in assemblages having both
in-situ and transported characters. All in-situ assemblages lived
in upper bathyal water depths and are most commonly found in
the upper two units. Assemblages transported from shallower
depths are most common in the lower units. No paleontological
signs of significant vertical tectonic movement have occurred
from about 12 Ma to the present.

We compared the headspace procedure with the can procedure
during routine sampling of hydrocarbon gases at Site 679. The
resulting measurements of gas concentration show similar trends
with depth, except that the results from headspace procedure
provide more detail because of closer sample spacing. Biogenic
methane concentrations increase by two orders of magnitude
between 144 and 172 mbsf, corresponding to the depletion of
sulfate, which allows methanogenesis to proceed without inhibi-
tion. The headspace procedure indicated low concentrations of
thermogenic hydrocarbons at the bottom of Hole 679E, where a
petroliferous odor was detected. The ratio of methane/ethane
changed from 3000 in the next-to-last core to 20 in the last one.
This information, together with observed fluorescence under ul-
traviolet light, indicated that we should abandon the hole. Other
organic-geochemical data included a comparison of Rock-Eval
analysis with TOC analysis by combustion, and with a rapid py-
rolysis technique using Source Hound, a portable device de-
signed by British Petroleum for evaluating source rocks. These
instruments gave highly correlated results when characterizing
the organic-rich sediments sampled at Site 679.

The interstitial-water chemistry at Site 679 is dominated by
bacterial degradation of organic matter, mainly in the sulfate re-
duction zone, and consequently by increased concentrations of
hydrogen sulfide, phosphate, and ammonia and pronounced
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higher alkalinity. These dissolved components control the diage-
netic formation of francolite, dolomite, calcite, and pyrite. Su-
perimposed on this distribution pattern of dissolved species is a
freshwater incursion in Unit IV of late Miocene age. In this
zone, chloride decreases from a seawater value of 558 mmol/L,
the observed value in the top 172 m, to a minimum value of
345 mmol/L (63% of seawater). The freshwater incursion may
be related to either ancient or recent flow from aquifers in the
Andes or the presence of a fossil freshwater lens. Its discovery is
yet another manifestation of the importance of fluid transport
in deposits along tectonically active continental margins.

The index properties clearly reflect the major changes in li-
thology, especially in the diatomaceous units encountered at
shallow depths. The upper 100 m is characterized by high water
content, and porosities are commonly greater than 80%. The
boundary between lithologic Units I and II is a steplike shift in
the plots of all index properties except sonic velocity. Sparse
measurements below the depth of APC coring reflects the poor
recovery during XCB coring. The peculiar properties of these
sediments are low bulk density, high water content, and poros-
ity. Such properties are characteristic of sediment with abun-
dant unaltered remains of diatoms.

The geophysical records performed while approaching Site
679 show the distal edge of the mud lens, the underlying strati-
fied section, and the unconformity between the upper and mid-
dle Miocene sequence. Sonic velocities applied to the time of in-
terception confirmed the correlation between features in the
seismic records and those in the cores. The unconformity at
255 m is not only a significant stratigraphic break but also coin-
cides with a definite change in the sonic velocity profile and
other logging traces. The site-survey multichannel record shows
a three-fold expansion of the section above the unconformity
downslope and a profound angular discordance below the un-
conformity. The termination of the hole at about 100 m above
basement at this site leaves in question the origin of the uncon-
formity surface and the age of the transgressive sediment se-
quence above it.

At Site 679, the compressed stratigraphic section contains a
record of Pliocene and Quaternary coastal upwelling. The rela-
tively sparse clastic influx compared with the rate at which the
organic-rich upwelling products accumulate produces a chemi-
cal environment conducive to the rapid formation of dolomites,
phosphates, and sulfides during the early stages of diagenesis.
The anoxic bottom environment and the absence of bioturba-
tion preserve the primary sedimentary structure characteristic of
pelagic and hemipelagic environments. Also preserved are struc-
tures formed later by escaping fluids and microfaults related to
the extensional and shear deformation associated with down-
slope gravity movement. The facies in the deeper section is dom-
inated by turbidites with terrigenous and near-shore affinities.
This facies contains pore fluids significantly diluted by fresh-
water, The fluid most likely migrated from a more distant
source and thereby diagenetically overprints the geochemistry
of the continental margin deposits. The two facies are separated
by an unconformity between the upper and middle Miocene
that appears as a prominent marker zone at the base of the
strata covering the midslope of this margin. The late Neogene
age of these slope strata, which are much younger than previ-
ously inferred, requires a more rapid rate of tectonism across the
Peruvian margin than has been assumed.
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Summary logs for Site 679 (continued).
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SITE 679

Summary logs for Site 679 (continued).
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SITE 679

Summary logs for Site 679 (continued).
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SITE 679

Summary logs for Site 679 (continued).
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SITE 79 HOLE A CORE 1H CORED INTERVAL 439.5-446.5 mbsl; 0.0-7.0 mbsf
BIOSTRAT, ZONE/ .
L | FossiL cHaRACTER | § & Bla
® [&l=Te HHE HE
« [E|2] 2 ¥le @ | s
§ & 8 |, g glx L Lf::::;:‘ == 5 LITHOLOGIC DESCRIPTION
AHEHHEHEEEE HEE!
% 18|515(5] |3]g/ai5] B d|¢|3
CH M EIEIE HEAEAE HEE]
- : = FORAMINIFER AND NANNOFOSSIL MUD and PYRITE-BEARING MUD
& ] * Major ithology: Toraminifer and nannolossil mud and pyrite-bearing mud, generally
. 0.5 - * olive gray (5Y 4/2) to dark olive gray (5Y 3/2).
1 A Minar lthologies:
: s e ‘ @ * 1 ic nodules, 1-2 cm In diameler
o 1.0~ 2. pyrite-bearing diatomaceous mud (Section 1, 0-80 cm).
] 4 = * | 3. fine-grained volcanic ash, gray (N 5.0/) (Section 2, 110-111 em),
1 | . # | SMEAR SLIDE SUMMARY (%):
n 1 = 1,30 1,59 1,96 1,103 1,134 2,53 2 104
i ol D ] D D o o o
. s I T * | rextuRe l l
2 R Sand 5 10 40 - 25 20 -
:—- Siit 25 20 25 5 15 50 20
= —+ # | Clay 70 70 as 95 B0 30 80
1 - COMPOSITION: I
y HE Quartz - - - - _ T
> I Mica L4 - - — - - -
[id L ++ Clay 70 45 35 80 50 80
g ? 41 Voicanic glass T — — - T 15 —
= ° o (3] Calcite/dolomite - 10 20 5 5 - 10
w 4 = Accessory minerals
e 3 1 & Pyrite 10 15 5 10 10 T 10
< 1 -+ Gypsum - - = 5 — - -
=] = B €5 Foraminiters - 10 40 5 25 50 -
(=] . Nannolossils == = ™ = 10 10 —
° 1+ Diatoms 15 15 L — — — —
o + Radiolarians b T 5 5 - - -
. 1+ Sponge spicules 5 5 - — = R
N Fish remains T - — 3 T = v
~ 4 =+ @
bl i = D)
T i
- 1 —+ -
- 1
. || I i1
S - ,
- © i1
RN = f X
e e - 4 = @
o @ *|5 T
5 3 | | B[ I g
™= 2 - .
Z | = L= @ 1 =
™ * *EE—1 |- l I
Information on Core Description Forms, for ALL sites, represents field notes taken aboard ship. Some I
of this information has been refined in accord with post-cruise findings, but production schedules prohibit
definitive correlation of these forms with subsequent findings. Thus the reader should be alerted to the
occasional ambiguity or discrepancy. »
f "
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SITE 679 HOLE B CORE 1H CORED INTERVAL 440.5-447.0 mbsl; 0.0-6.5 mbsf

BIOSTRAT . ZONE/ 5
= | rossiL characren | , |8 & g 2
HOAE E g3 g2
wulzl= T e GRARPHIC ale
§ E § H g g E . LITHBLOGY 2l Blw LITHOLOGIC DESCRIPTION
T EEE Yk E wls| @ Elaly
w|3|%|2|2 Slalz|r| & 2 &
281518l (2]5]¢lg] & 8|3
- le|lz|x|a HESEEIR ] El8a
— 4 8 # | FORAMINIFER- AND NANNOFOSSIL-BEARING MUD and DIATOMACEOUS MUD
pest ]
] *
= __-' I Major lithology: § far- and U bearing mud and di miud,
= 0_5—_ 1 generally olive (5Y 4/3), dark olive gray (5Y 3/2), or very dark gray (5Y 3/1). I .
1 1N ® * Minor lithologies:
1 ' hes| 1. tic nodules, -5 cm in diameter, in Section 3.
1 ‘o_‘—_li 2. ash-rich diatomaceous mud in two thin turbidite layers, Section 2, 47-55 cm
;—I_T\ | SMEAR SLIDE SUMMARY (%)
11 . 1,7 1,28 1,74 2,52 4,85
g D o D o] 4]
1M |
TEXTURE
B *
H ™ Sand 20 30 5 10 10
2| 4 H s 20 15 5 &0 10
e Wl Clay ] 55 45 30 80
=417 COMPOSITION:
= 1.7 Quartz - - = = 10 ’
< 7 Feldspar — i = =5 T
= - 1M 3] Clay 45 55 45 30 80
o« “ -|_ Volcanic glass = — 5 a5 %
w . 1 Accessory minerals
- — @ Pyrite 10 5 10 = 5
=< 1H -— T T = —
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SITE 679 HOLE B CORE 2H CORED INTERVAL 447.0-456.5 mbsl;: 6.5-16.0 mbsf
BIOSTRAT. ZONE/ .
| FOSSIL CHARACTER | . 81 . | o
z 3 B ) glu
M AEE HIEE 5|2
Xluw|lzl= ¥la|z GRAPHIC a|e
é : E i, s E E - LitoLosy | g E - LITHOLOGIC DESCRIPTION
NEHEIEE 3 elz| & H K
Wwis|lz|=|= ule|3| -] w 3 i
3 z|lz|a|= S| =] &|e w zla 2
~le|z|E|a Z|E|S| 8| & S|la|a
- | DIATOM- AND FORAMINIFER-BEARING MUD
3 P Major lithology:- diatom- and f fer- bearing mud, g y olive gray (5Y 42),
0.5 dark olive gray (5Y 3/2), or black [5Y 2.572). Lower two thirds of core shows
4 I \ nodules, and a few thin (1-2 cm) layers
£ 1 7] of pale yallow (5Y 8/4) diatom coze
. 1 .0 SMEAR SLIDE SUMMARY (%)
7 3,35 4,144 6,85
] D M M
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SITE 679 HOLE B CORE 3H CORED INTERVAL 456.5-466.0 mbsl; 16.0-25.5 mbsf
BIOSTRAT., ZONE/ -
L | FossiL cuamacTER |, || o gla
5 aT=le 2l&|% £l 8
« |El 2|2 Glwle 2|5
g E AE . 3 E' : e 1218 " LITHOLOGIC DESCRIPTION
o l3]15)2|2 z|%|el8| 2 HE
=| 1212 wlw| 3| = w 41 -1 &
Zls13|g|= d(F|¥|8] 8 A E]
Flalz|l=]|a ala|o|lw] 3 Ela|a
== DIATOM- AND FORAMINIFER-BEARING MUD
:“J‘ wr Major lithology: diatom- and foraminifer-bearing mud, generally olive (5Y 4/3), olive
o5 4- gray (5Y 4/2), dark olive gray (5Y 3/2), or black (5Y 2.5/2)
gu e
1 = Lr_ Minor kthologies:
™ 1. phosphatic nodules, 0.5-2 cm in diameter.
1 o441z 2. two beds of dolomite, Section 3, 9899 and 122-123 cm.
:_J_‘—‘: @ 3, few thin {0.2-2 cm) layers of pale yellow (5Y &/4) dialom coze
1 H: SMEAR SLIDE SUMMARY [%):
L AL
1 4 - 1,124 2,106 3, 118
JuhAS M +] D
] 43
L TEXTURE:
._-J_L"‘".. URE
2 1 13 Sand 80 — 3
A Sitt 20 40 67
Jud 4: « | Clay 20 80 30
o
. : COMPOSITION:
-jv ] Quarz 2 T —
41 | Clay 20 &0 30
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3 e - Diatoms 18 =13 62
- - K
o 4 H t::
- T 2 *
* 1ot 3
> 4] 1 3
e g ==
= ~ B ]
[ ™ —-le o
w I Y
— B
= 4 1M H
= < 3| 1 b
(=] - - 4 P =]
L] e -
-_‘_J b
- 1 |8
1, ]
44 7
41 ] 5
T 1 1
&l I 59 O o
"~ TH - B
© b B ?
. 4 -7 b
L1
HEE]
EERGE B
*Hi==1 |
4 hA: B
i T - @
of IMEZT ©
o _'.iv. 1 16
@ R . B
ta . 1 | | @
o 17 71
= 2 q"'-u—. ¥ | @
5 4 j-l-— . oy
o 1 =
o™ ™ L4 -l_LV- -
@ % E ¢ T ]
m — P
| | % = _$ —— t

w
o
~

679B-3H < 3 4

5*__—
104
15—
20
25
30
35
40
45—
50—
55
60—
65—
TOt
75—
80—
85
90—;
95
100—
105—
10—
15—
120—
125
130
135
140
145
150 : | o

"

S T T e T A R e P e B O 5 P I P S A e
A e T el T T L Y R e e S P (N S A T D A I
BT e 0 T e T e T T et O e e PR ) ) T ) e
WA et L A e N P T o T e ) e e T
(e A

6L9 LIS



vic

3 4 5 6 7
SITE 679 HOLE B CORE  4H CORED INTERVAL 466.0-475.5 mbsk 25.5-35.0 mbsf 679B-4H__ 1 — -
BIOSTRAT, ZONE/ - .
% FOSSIL CHARACTER | o | W | o = E
o - =
alae Elg)s &2 l
518032 HEE CRAPHIC sl LITHOLOGIC DESCRIPTION
2l:|8l8]e S|ElE Liworosy [o | E | w
AHHEHBHABHE 3|2
$1212|3 - Sl=lE|2] = Zla E
Fl2|2|&|a s|E|c|a]| ¥ |83
+—= |z DIATOM- AND FORAMINIFER-BEARING MUD
Fi|
: - Major lithology: diatom- and mud, olive (5Y 43), olive
L] 0.5, | ~r gray(s\’m]ordmuwegray:sv.n} mrnno!mswammsm
-L, mud down to Section 4, 30 om; lower pant of the core shows pronounced lamination
1 E
:LV Minor lithologies: I .
vod T 1. pale yellow nodular dolomite (Section 2, 120125 cm)
alv 2. volcanic ash layer (Section 3, 70-72 cm).
hn 3. phosphatic nodule (Section 4, 32-35 cm).
e
Al SMEAR SLIDE SUMMARY {%): l l
5 % || P 3,72 4,28 4,33
L] —] ’
5 -lf TEXTURE
- s
U Sand - = 10
4|~ Sit 70 3 60
Ul Clay 0 85 30
ol COMPOSITION I l
Ell =i Clay 30 65 30
@ Ea Volcanic glass 67 5 45 ol
o il 1 Calcite/dolomite T | 4
™ _LJ Accessory minerals 3 5 T
FARY: Foraminilers - = T
3 Ul # | Nannotossils = e i
:l - Diatomns - 25 25
—d @
IT-A ;
- Yy
o
s RIS ¥ i1
= ‘o ] *
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SITE 679 HOLE B CORE 5H CORED INTERVAL 475.5-485.0 mbsl; 35.0-44.5 mbsf
BIOSTRAT, ZONE/ - =
£ | FOSSIL CHARACTER - -]
5 oTs HHE 5(8
= | 2]l2]|%2 ME o |2
A AHE el i | “ LITHOLOGIC DESCRIFTION
T | = - | a|l=|= z| =
v l3|s)|2|32 3l .|2|8| & Zla|s
lelz|le]|a aloa|ojm| F ale|w
-
1 ~ | —] | oiaToMacEOUS MUD
:Vv | Major lithology: diatomacecus mud, generally olive (5Y 4/3), olive gray (5Y 4/2), dark
0.5 [ — olive gray (5Y 3/2), or black (5Y 2.52). Sporadically well bedded 1o laminated.
n byl — Disturbed bedding In Section 2 and lop ol Section 3. Contains intervals with beds a
1 s I —] few centimeters thick, with sharp basal confacts, and basal concentrations of
+ o ] —1 foraminiter shells which grade upward into clay-size sediment.
4 104 ~ -
. T I — Minor lithologies:
1~ - 1. dolomite nodules.
i W 2. ash layers, 2-5-cm thick, gray (5Y 5/1)
i 3. volcaniclastic sand layers, 2-8-cm thick, dark olive gray (5Y 3/2).
-4 i i SMEAR SLIDE SUMMARY (%).
b N |
v Y T bl 2,110 3,22 58 617
= 5 4 L] D M M M
I~ v TEXTURE
wr 1
- *= Y oaif L
™ 4 oha Sand - 10 - 80
4 1 Sit 45 80 65 10
™ Ciay 55 10 35 10
.
L ol* COMPOSITION:
2 Quartz T = —_ 5
ad ~r Feldspar —_ — — 5
4 Fock tragments - - —_ &5
- Mica = = " —
o e Clay 55 10 35 10
P Lo Voicanic glass T — 20 -
4 aA © Calcite/dolomite L 65 15 —
o Accessory minerals
1 ~ Gypsum 3 . o 5
> i Opaques — — 15 —
24 A o Foraminifers —_ 15 - —_
< 3. Diatoms 42 1- 15 10
= - 4 z Sponge spicules i T — -
= - s s Fish remains - - = T
= i I bl |
- - 4 1 ~
=2 -« o
L= i 3
-
1 s B
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S o |z
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SITE 679 HOLE B CORE 6H CORED INTERVAL 485.0-494.5 mbsl; 44.5-54.0 mbsf
BIOSTAAT. ZONES o T
£ |FossiL cHamacTER | o | w | 2 gl
3 SlE|S 2|8
;‘E;‘f ;g‘i GRAPHIC EE
§ ; § é % ] % E . Lr¥RoL gy s E & LITHOLOGIC DESCRIPTION
sl1z)8l2|2 2l lele] & Zl=|3
= |2|2|a|% 21813|5] B HRE
= |o|=|=|2 Alz|z|w| w E|w|= b
L [ z |l x o o a L4 “ = L= " w
A DIATOMACEOUS MUD
] voip
4 Major lithology: diatomaceous mud, colors vary between dusky yellow green (5GY
0.5+ 512), olive gray (5Y 4/2), dark gray (Y 4/1), clive (SY 4:3), dark olive gray (5Y 3/2),
s very dark gray (5Y 3/1), and black (5Y 2.5/1). Small {1-2 cm) phosphate nodules
1 1. occur in Sections 1, 3, 5, and 6.
1 0 U_V SMEAR SLIDE SUMMARY (%):
e 2,55 3,80 580 662 I I
aor o s} D ']
I
4~ TEXTURE: l
-]
a b e Sit 55 20 10 10
® _xrv Clay 45 90 90 l . I
2 T COMPOSITION
4 V-
—or : Quartz — 10 10 - l . I
= N O Clay 50 45 50 -
b Volcanic glass -_ T - =
o — - - i 1 1 B
- Accessory minarals
~ . . Pyrite T - = =
0 i Opagques - 5 5 —_ l
! o} N Apatite -_ — - 99
=] q ~r Diatoms 45 30 30 1
P—d 3 - Paliets - 10 - - . l
4 vz
- .
B -
T
4 ~r
> s
14 4 ~
: o 2 i1l
o 4 T
w =hur v
: e i1 nn
| O
(=] 1
e I l
- e
o |2
3 ~r
i
1~
B AN
[ . -
5 I
E R
I I
o A i 1 1
N S
1~
hall -
= 1 ~r|:
gzw I | . I I
.:"I'c - e
L I
P~ B -4 -
@ T
: 3 k b/
g Y] T™
g w ]~
o|3 I
HE . ¥ i 1 1
g‘ a I T
- o T
|| T 0 11 B
oo |S|g 1~z
zblels] 1] | 3 §
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SITE 679 HOLE B CORE 7H CORED INTERVAL 494.5-504.0 mbsl; 54.0-63.5 mbsf
BIOSTRAT. ZONE! - ’
% FOSSIL CHARACTER 2 E g g E
w w [%] - [ - 5
w |[E|2|2 wlE]E Sk ol e
g |e|8]3 HEH L,‘f:m;zr S12 " LITHOLOGIC DESCRIPTION
e 12121=|8 2|*|5]2 zlelw
v 15|83 2l .|=|2| & Sl s
A HEHEREIEHEER 2|s]8
SHEIEHE E|E|5(8| ¥ HIEIE]
" [ — - -
| Sy DIATOMACEOUS MUD
Major lithology: diatomaceous mud, colors include olive gray (5Y 412, 5Y 5/2), dark
05" olive gray (5Y 3/2), olive (5Y 5/4, 5Y 4/3), pale yellow (SY 7/3), and black (S5Y 2.5:2),
1 1 ™1 Mud is thinly bedded to massive. Mud veins occur in Section 3.
e
4 Minor lithologies:
1.0 1. Dolomite nodules and thin layers. Colors are pale olive (5Y 63, 5Y 6/4) and white.
1 A 2. Ash layers, 4-10 cm thick. Colors are pale gray (SGY 4/1) and greenish gray (SBG
s B 61).
1. SMEAR SLIDE SUMMARY (%):
L2 o 1 T 525 7,54
%ol o I M M
e - A
2 o TEXTURE:
E i
] Sand - 10
i - | sin 80 60
14 ™1 Clay 40 30
-
1 COMPOSITION:
W
4 e Mica ™ —
he Clay 40 -
1 Volcanic glass s 10
- Calcite/dolomite — B0
a3 I~ Accessory minerals 10 —
4 Diatomns 5 0]
T
1
oS
: vy
IJ~r
A
... -
nal
£s -
?!v L B
—< T =
'L I =
ol |4 v
1
I~
% =
TJrer
4 A
q\-’
o " — *
T
= ~u
-
5 1
-
- =
T
— =
T
- “r
- :
a o
& 1 O]
L | -1
i B 6 R
= o i
?; L] A
Qo - =
) b I
c|w 4
oo fs
alc I~
e m
g\u q1
w|E 7 I~
olm|E|8 a1 v .
T
.3 (o
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SITE 679 HOLE B CORE 8H CORED INTERVAL 504.0-513.5 mbsl: 63.5-73.0 mbsf
BIOSTAAT . ZONE/ -
£ |FossiL craracten | o, 2 s 2le
S(alole 2le(g 2l
g § HE 2 g 3 JRAPLG 3|5 ITH 1 RIPTI
sls1glz], slgl&|, LiTHoLosy | @ é - LITHOLOGIC DESC oN
Sl1El512]2 3 |2l2] 8 HE =
S|=2|12|z]|= wle|3|e| o 4] - |&
2 le|Z|8|< dl=|luwle| = Zlel|=
= l2|2|&|a T|E|3|8| 5 HIEIE]
T%5 /7| | ouatomaceous mup
I Major litholegy: dialomaceous mud. Colors include dark olive gray (5Y 3/2). very dark
os{ ™~ gray (5 3(1), and black (5Y 2.5/2), Mud is thinly bedded 1o massive. Thin beds are
T™ pale olive (5Y 6/4) and olive gray (5Y 4/2). Dewatering vein structure occurs in
1 ] ~ i Sections 2 through 7
-
1.0 Minar lithologies:
-vv 1. dolomite nodules,
] 2. phosphorite nodules.
5 Wt 3. volcanic ash layer, 2-cm thick, color is greenish gray (5BG 6/1); Section 6,
B 13-15cm,
b - S
2" +r SMEAR SLIDE SUMMARY (%)
_‘3 q e~
Ok K i S A 1,85 5,115 6,13
= - D M M
el2f 1 {
T TEXTURE:
I sit 20 50 10
4 ~ Clay 80 50 90
T
i [V ® COMPOSITION
:V.U Quarz 10 - 30
1 Clay 60 - -_
s e /i Voicanic glass - - 4
g :
3 i Accessory minerals " _ g
4 Apatite - 100 —
T Diatoms 25 —_ 20
- =
w T
= ]
o 1 ~r /’7
]
o o 1 @
= ny S
=
a o 1 ~ 7
o O o
= o | 4 4 ~r
‘; L T /}
(=] o — T
o a m [ €
. 1
1 Vi
-
T |- /}
- T
- T P
5 Fo- |:
1~z I
—+- It
4 |z O«
S |-
-1 L
: *
T
1~ 4
02 T |-
20 - ~:
i el TV 7
g 2 3 2 P ¢ /
g w -1
a =
= 2 :xr //‘VZ
T =y q
o s o
- o - s
i T v/
o=z s 7 4 ~:
z|Z|o|g —fr
1 ~r "
#|%|%|a - z t

6798-8H 1 2 3 4 5 6 7

5— i

|O- | i L s
15—
20—
25
30
35
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55
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65—
70—
75—
80
85
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120
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130
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145
150— - _ 5 ' =)
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SITE 679 HOLE B CORE 9H CORED INTERVAL 513.5-523.0 mbsl; 73.0-82.5 mbsf
BIOSTRAT . ZONE/ .
= | FossiL cHaracTER 8| - AR
H 8leE| g gle
RN xS =g
x |E|lz]% Glgle GRAPHIC - B
g |L|8|z HEE cininay 1512 LITHOLDGIC DESCRIPTION
R EIEIEIE $1%|6|2]| e AL
w2222 Slala|e| & E1
HHHHEREHEHEE HEE
™ z @ (=] LY a o ] = (=] @ o
e Sl ] DIATOMACEOUS MUD
4 ~r
b Maor lithology: dialomaceous massive mud, colors include olive (5Y 4/4), dark olive
05+ ~ ] gray (5Y A'2), and black (5Y 2.5/1). Dewalering vein structure ocours in Sections 3
5 T through 6.
5 A
S Minor [thologies: dolomite layer, Section 5, 113-121 cm, and Section 6, 70-76 cm.
10 -
n SMEAR SLIDE SUMMARY (%):
4 M 2,76 593
[~ 4] M
-1 "
- +or TEXTURE:
agln i R
e S sit 50 30
L] g Cl 50 70
b 2 1 ~ |
¢ |l COMPOSITION:
i o
o Cuartz 10 -
1 ~ Clay 50 15
Tor Vbicanic glass T —
-“r Calcite/dolomite T -
G- Accessory minerals 5 L
2 N Micrite - 70
] 7 Faraminifers — b
i b y/ Nannofossils - 0w
A et Diatoms 20 30
3 i Silicoflageliates ia T
1 R
i P /;
E -
™ |
4 -
w
= ]
w @ 4
o Ay ™ |-
o ‘-3 q -
= 5% o
a el |4 1 >
N
14 ) |-
'i' ™ | /7
=) D B
a T |-
ol
P B
9 "
o
- e
s| 1.
1 -~
—Twr *
q1
- B
83 1~ 7
Y= ™
o — T
2 - 1 /]
3 W o
~N :'\J’
5 = Mg 7
2 1
3 o 7
g "
3 I L/
AL - S
g g
3 T o
z| |= W
o|Z @ A a
| ® * ol 3 s
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SITE 679 HOLE B CORE 10H CORED INTERVAL 523.0-532.5 mbsl; 82.5-92.0 mbsf
BIOSTRAT. ZONE/ - .
E | FOSSIL CHARACTER w | e
z 8lz|g S|g
AEE HHE: HH
e 5 Q =
g (ealz2 HEE ool (L4 I LITHOLOGIC DESCRIPTION
& |2lo|3e HEHEES L
w|2|g|2|2 Sle|F|[E] & 3|1z
3 |Z|E|a|% S5 lulo| = Zlal|s
= = - - - - x x [ w o« w -
L) w T | = a o a o e 3 ala @
[m—— | ©)| | owromaceous Mup
:vv -_— - Major lithology: dialomaceous mud, mainly massive; colors include olive (5Y 4/4),
0.5 . dark olive gray (5Y 3:2), and black (5Y 2.5/1). Silty sandy laminae and dewatering
w LA vein oceur throughout. T teclonic features are related to dewatel
- fing
1 = i structures.
- “r
1.0~ Minor lithologies:
1 1. dolomite layer, Section 1, 3-8 cm, and Section 5, B7-82 cm,
e 2. volcanic ash layers, 3—-25-cm thick, color s greenish gray (58G 6/1), in Section 2,
4 <A 0-25 cm, Section 4, 90115 cm, and Seclion 7, 29-31 and 82-84 cm
2 B SMEAR SLIDE SUMMARY (%):
e o 2,15 3,125 4,68 4,85 4,110 585 6130
- M M M M M D D
- - -
=a-12 4~ TEXTURE
- ® =
e - Sand - — — 55 - -
< 4. silt 9 4 30 55 35 60
z S Clay 10 40 70 45 10 70 40
= COMPOSITION
4
™ Quartz 5 3 5 - 5 a -
3 Clay — - 80 35 - 0 40
—r Volcanic glass 95 a7 10 55 90 L3 10
1 — - ot i pis T i
3
g Accessory minarals — — — 10 5 T Tr
1 ~ Pyrite — — W - - = -
- Nannofossils — - — — - T -_
o b Diatoms - L 20 T — 27 50
4 Sponge spicules — — T — - — T
T Peliets — - ] - — - -
1~
4
w : |
o ol o o bl
3] "4 o 4 1
9 :T L4 : -
Zf = —
o -1 =wn
o S
w i
= =
[=] -
| T
- W
—or
5| 3~
-
T
q1 ~r
o
1 ~r
-
6 =2
] voIiD
T
-5 = T
~ - iy r
o e. . 9 .
= Sl
-
- v
E
1 Y |
dar

679B-10H 1 2 3 4 5 h 6 7

=
10—

15—}
20

25—
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35
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50
55
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65—
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95
100
105
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SITE 679 HOLE B CORE 10H CORED INTERVAL 523.0-532.5 mbsl; 82.5-92.0 mbsf

BIOSTRAT. ZONE 679B-10H 8 6798-11H ! 2
. I
= |rossi character| | B ™
5 5T glg 2|&
AHEE bl GRAPHIC HE
5
§ E 2 |, g E|E " Lithoieey: | @ I8 2 LITHOLOGIC DESCRIPTION
| S| 8|23 2|l .|12|c| & Elalu
Yl=lzl2)|8 wle|3|E| w I
EREIE IR |28 & |8]2
Flau|lz|a]d 2|E|5|8| = |83
8 Py
*| %] =1 |®
w = =] w
F HEIRE
L ol e~
Q wlw] .
2| |ElEl
2| 15189
a o al &
& = b 2
= ]
=] o
- s
<
S
L]
SITE 679 HOLE B CORE 11H CORED INTERVAL 532.5-542.0 mbsl; 92.0-101.5 mbsf
BIOSTRAT. ZONE/ = ;
£ | FossiL cHaracTER | , | W | o 8w
g olElg Eluw
- |8l2|¢ ; E g |2
wlz|a als GRAPHIC alwe
§ H § 7| s E & - LiTHoLoaY | & § & LITHOLOGIC DESCRIPTION
I 2| . |w|lc| @ Zle|w
A HHEE HHEEE 35|
= |s|=|=|2 s|z|E|8| = HEFE
- " = = =] a o o “ = =] w w
s .
@ a9 b B [ ¥4 DIATOMACEOUS MUD
% '3 ::1- . I~ 40 pd Major lithology: diatomaceous mud, black (5Y 2.5/1). Dewatering vein structure occurs
i 2 Iz 5 051 ] o /; « | throughout
= - 1 .
= =3 - 1 1 A ‘ Minor lithology: ashy mud in Section 2.
: Ll B S -
o 5 ;_‘, 1.0~ 1 SMEAR SLIDE SUMMARY (%):
@ hed B3 1 1,50 2,21
w et -1 1 I o o
= c E “r
a ola 41 M TEXTURE
= w| . 2 I *
olo|S|~ 4 ~ Sand 25 -
- S 60 20
AEIEE Clay 15 80
COMPOSITION:
Quartz 10 5
Rock fragments 10 —
Clay 15 70
Volcanic glass 10 —_
Caicite/dolomite 5 5
Accessory minerals 5 _—
Diatoms 45 20
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SITE 679 HOLE B CORE 12H CORED INTERVAL 542.0-547.3 mbsl; 101.5-106.8 mbsf
BIOSTRAT. ZONE/ .
:5 FOSSIL CHARACTER ™ ; & s 3
o - o 2
] g :j E ¥ E g GRAPHIC 2 3
F
§ Llgla 3 E E . utnooor | 2|2 | w LITHOLOGIC DESCRIPTION
" sl 2 2| |a|a| & Zlalw
wl|3[2]2|2 Sle|3|F| 8 al%|e
Zls1z1a0s| |2|z1¥|3] & AFE
- x 3 =] LY a o @ a o o o
I~ =
B % /? DIATOMACEOUS MUD
I‘U:JJ'. 1 b« Major lithology: diatomaceous mud. Colors range from dark olive gray (5Y 3/2) and
05— :— -1 olive gray (5 4/2) to dark gray (5Y 4/1). D weins occur throug) 5
e & 1
1 1~ 7 Minor lithology: Volcanic ash occurs in Section 2, 8580 cm, and Section 3, 0~5 cm
S 7]
1.0+ ~A= q L/A | SMEAR SLIDE SUMMARY (%):
I = e
= B 1,49 3,124
= e I ) X
Bl =
4 ~T= B /) TEXTURE:
<« T b -1
£ |0 1 ~= 1 Sand 60 10
w 2 3 i Al £ 1 Silt 30 85
= e = [~ y C 10 25
L 2 =2 2 I 7 d
o Q Lol — i e = COMPOSITION:
2 E L S .
3 = T =1 /1 I - 5 5
o o T = Feldspar 30 —
L = Rock fragments 10 10
o [ 1 = Mica - T
u a ] : /} Clay 10 25
= : I == Volcanic glass 10 55
it 2y oo ™ =3 Accessory minerals
~ s = 1 -~ B /7 Pyrite 5 5
b e © =1 - B
s R E] 4 [= . Foraminilers 5 —
‘c"l 5! 1 ~A= B Diatoms 25 -
© P~ I | 1 /7
s e I o b
-] . 5 .
4 = 7 el e
s[8|2 = 1 ~3=1
ol2]e o b ¥l o .'1
“l=]5 . 1~ =1
clels 4~ = E
22 o THEE1]
L8 B = . I
oSS .vv: - |
AR AR c .- E=l=31:
SITE 679 HOLE B CORE 13H CORED INTERVAL 547.3-547.7 mbsl; 106.8-107.2 mbsf
BIOSTRAT . ZONE/ 4
; FOSSIL CHARACTER | .. g & gl
5 2lE|e 2=
85|82, HHERN uThoLosr | g H P LITHOLOGIC DESCRIPTION
= - -
RHEHEHBHAHHE 3l%g
2 |lzlz|lo]le izlélz| & zlel2
=l2)z|a]a NEEEIE HEIE]
sl » ] \,.l:_- ‘ DIATOMACEOUS MUD
m E o Major lthology: diatomacecus mud, dark gray (5Y 4/1) in color, Pebbles in the mud
o - range from 1 10 5 cm in diameter. They include rhyolite(7). siltstone, black chert, and
© pid green chert.
= |2
5 |2
0 °
= c
o
c

CORES 112-679C-1H TO -8H NOT OPENED

679B-13H

100—
105—
10—
15—
120—
125—
130—
I35-'__'
|40':
|45':
150—
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SITE 679 HOLE D CORE 1H CORED INTERVAL 439 .5-447 4 mbsl; 0.0-7.9 mbsf
BIOSTRAT, ZONE/ P
§ FOSSIL CHARACTER a E s g §
s lglale HAHE a|2
glzl= o= GRAPHIC a(lyg
§ & § g, ] g g £l e utnoLoar | g g W LITHOLOGIC DESCRIPTION
= s " = L |
MHEHEHEBEHAEHE 3 3ls
2 |l=z|Z|a|a Jl=lw]le) = Zlalx
~l2|2|&|a Z|E|5(8| § HEAE
T ! - DIATOM- AND FORAMINIFER-BEARING MUD
-
hor b jor i : diatom- and fer-bearing mud, g y olive (SY 6/4), olive
0.5 VOID gray (5Y 5/2), dark olive gray (5Y 3/2), or black (5Y 2.5/1), Mainly massive 10 locally
4 vy i thinly bedded.
] ,\; Minar lithologles: 1. phosphatic nodules, 1-5 cm in diameter, in Section 1
v T |4l 2. gypsum biades throughout.
i i SMEAR SLIDE SUMMARY (%):
g
T 1,21 1,101 25 221
3 § -J D D M D
'?:3 G o el TEXTURE:
[k} =1 b
T Sand 5 10 40 -_
- 2 1 54 Silt 45 30 20 40
b Clay 50 80 40
- "
+— COMPOSITION:
5 =
] CQuariz 5 5 — —
L i Clay 50 80 40 3
o ] e Accessory minerals
- :T_ iy Gypsum - 5 — —_
o 4 Pyrite - - - T
> * I e g Foraminifers 10 5 40 b
cq: - ™ Nannofossils T - 10 -
= 3 T Diatoms 3B 25 10 B5
[ ] - Sikicoflageliates w T — !
w a k- Fish remains L L - T
- 17
< ] ~
= 34—
o I ~
B o el
- ~
e
=3 &
4| I
. ~d
4 ) e
| ) . s |
: o -
3 S L b
o L ———
.?".D E
272 113
o 2 ;o ol
= 7 ~J
o :
© T
™ (<] 5 1 “}
o L ] 4
= S (L
~ Ry
2 o
— - g
bt 3 ) -1 "
™~ 3T
z|2 1] =
| * * 5 )y el
CCl =

B679D-1H
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SITE 679 HOLE D CORE 2H CORED INTERVAL 447 4-456.9 mbsl; 7.9-17.4 mbsf
BIOSTRAT, ZONE/ o .
£ |Fossiu cHARACTER | | W s 2|
HOBAE HHE L
@ | 4|z 2 =k
FAHEE HHE ooy | 213 LITHOLOGIC DESCRIPTION
€ [E|o|«|m =« |F|E LITHOLOGY g|E|a
NHEEHEHEBEEE: HHE
wlg|z|S|2 wlw|F| 0| w =ik
2 lz|1218]= HEFIHRT |8
-lE|Z2|&|a Z|E|5|8| = El8|a
Pl - DIATOM- AND FORAMINIFER-BEARING MUD
4 4 :
47|~ Major lithology: diatom- and ifer-bearing mud. gy ly massive to thinky
e LI e bedded. Colors are gray (5Y 5/1) and dark olive gray (5Y 3/2) to black (Y 2.5/1)
by ~“r Diatom poze occurs in lenses.
g2 I
] . Minaor lithologies:
e e il : I 1, phosphatic nodules.
LS 1 1.3 : 2. gypsum as fine-bladed crystals in Sections 4 and &
9 " -
:—'_- ~ : SMEAR SLIDE SUMMARY (%):
f g e T 7 270 3,2 358 361 538
7 - M M M o] D
1= 1 WA
2 2T '_u] - | TEXTURE
- o E & o s
232 11.3=13| 1% sand 5 - - — 2
- |~ : Sit 60 15 80 70 40
& 4 4 : Ciay 25 85 20 30 40
b N
171 COMPOSITION:
™ Quartz 5 - - - —
1 1 7 Feldspar 15 - - - —
1|~ €D| # | Rock fragments M o = EE =
2 i TN Clay 25 - — 30 40
il o Voicanic glass 10 - - — —
—T-‘J - * [ :a c" E.':Iu)amde TI' — —_ . 5
- 123 3 F- €D)| % | Accessory minerais
" LB Apatite = = am =
rvel 5 i i Pyrita 5 = = = =
k] s o Foraminiters — 15 - L 20
> P 4 1.3 Diatoms A3 — 100 35
x . |
= 1 4 A
= -T_ s
E 4 91 o
| =2 |~
= g 4 A
= p ~r
°© 4 i L S €
--'— "
-1 4 A
|~
14 4
'-l— -
1' 4 o
1 -
. :1-— ~ *
= (2] - S
j : 5 :T“- B @
X ] ~r
b __"l__ i L
:—,— ~r
4 4 =
‘-,— -~
7l B -
T |~
14 4
41~
© -1 4 A
g 6 =1~
N 1 4 A
) 2|~
= - 4
@ ] ~r
ol |4 i R 3
g ‘2. 7 _l -
@| 2 = 1.7 - |
LAE ] * lccl 4|~ -

679D-2H
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SITE 679

HOLE D

CORE 3H

CORED INTERVAL

456.9-466.4 mbsl: 17.4-26.9 mbsf

TIME- ROCK UNIT

BIOSTRAT, ZONE/S
FOSSIL CHARACTER

FORAMINIFE!
HANMOFOSSILS
RADIOLARIANS
DIATOMS

PALEOMAGNETICE

PHYS. PROPERTIES

CHEMIBTRY/CoC0y

SECTION

GRAPHIC
LITHOLOGY

METERS

DRILLING DISTURB.

SED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

QUATERNARY

* Quaternary

*B
#NN20

AT

T, =1.20

iz

®10.1

27.70 @189

2288 @13,

e8.8

@147

S
III]‘TIIII

;

paaalas s be v das s bogpaadaaasdag el oo sl daaa s logaadaasgtoa s laasslaassloiay

<I(<<<<<<<<<<<<<<<<<<<<<<<s<<<(<<<<‘.<<. f<'1<<<<<(<<<<<<<<<<<<<<<<<<<<<¢

11

(o]

DIATOM- AND FORAMINIFER-BEARING MUD

Major - diatom- and foraminifer-bearing mud. Colors range from olive (5Y 4/3)
to dark olive gray (5Y 3/2). Mud is thinly bedded to laminated

Minor lithalogies:

1. phosphatic nodules, Sections 4-7.

2. thin bed of foraminifer sand, Section 3, 4-5 cm.

SMEAR SLIDE SUMMARY (%):

=)
| 38223

679D-3H
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SITE 679 HOLE D CORE 4H CORED INTERVAL 466 .4-475.9 mbsl; 26.9-36.4 mbsf 679D-4H z 3 + 5 6 7
BIOSTRAT . ZONE/ - J .
’g' FOSSIL CHARACTER 2 g 5 g @
o @ - 4 & “ - %
A EE g GRAPHIC 2|5
g 1l8|z glg|= i T Eal LITHOLOGIC DESCRIPTION
T13(E|3|8 3 53| e ElEl8
wl2l|2|a]e o l=1=]| = ol Bl ]
HEIE Wlel|z|F| w FIE-
2 |&15|8]= F|E|E|8] & HEFE
S x [ 3 a a a o “ F o o w
- .
. g % | DIATOM- AND FORAMINIFER-BEARING MUD
4 Yoo Major lithology: diatom- and foraminifer-bearing mud, generally dark olive gray (5Y
0.5 mr—— O 372), very dark gray (5 3/1), or black (5Y 2.5:2)
1 s Dl L B Minor it :
hologies
1. phosphatic nodules in Sections 2-7,
1.0 "‘f\’;" 2. low thin {0.2-2 cm) layers of pale yellow (5Y 8/4) diatom ooze.
I~ l SMEAR SLIDE SUMMARY (%):
- o
T 1,20 2,80 6 100
1 ~ | D M D
-1 T :
Lo w ke I TEXTURE:
ol o I~ T Sand 15 25 10
R ®l 2] 4 Sit 3 30 40
Y, 4~ T " Clay 50 45 50
-
v COMPOSITION:
- =
4 S Cuartz - 5 -_
o . Fakdspar - T -
o Fock tragments - T =
1r ’T 0 8 50
o Voicanic glass — T =
B e Calcite/dolomite — e b
3 4 Accessory minerals
1 ~1H Pyrite T T -
I~ Gypsum — L .
- “VH Foraminiters 15 15 10
Diatoms 45 20
P ~ voID
o 4o m_"'l.
= ]
=
o
]
=
<
= 4
= wvoip
5 1
-
- |
T
-
T -'-
1 =
e “ed (] 1 ~
sl |. 79 R
o ol _— 1 V1
- g e o ¥
c el o4
s |2 T~ [
@ ® ~r
-
o c 3 7 -
*|e| |* d 4.2

6L9 LIS
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SITE 679 HOLE D CORE 5H CORED INTERVAL 475.9-485.4 mbsl; 36.4-45.9 mbsf
BIOSTRAT. ZONE/ .
E | FoBSIL CHARACTER 2 2w
LA H glu
5T gle)g 2|
¥ |85z g g2 GRAPHIC HIE
§ ; E E ! £lE E LITHOLOGY g § - LITHOLOGIC DESCRIPTION
= @ =
THHE HREHAHHE: HHE
2l 8= 4= g ol = 2l g
- [y zZ|a a E 8 = HEE]
o DIATOMACEOUS MUD and SAND
_': ™ Major mud, g y olive (5Y 4/3) to olive gray (SY 4/2).
o |05 | Gray (5Y 411) sand.
o
o 1 ] L Minor lithologies:
= ] 1. phosphatic nodules; Section 1, 50-80 cm.
= 1.0 #| 2 foraminileral sandy sit, olive (5Y 53); Section 1, 64-73 cm,
. 1 A 3. volcanic ash layer, olive gray (SY 4/2). Section 3, 87-82 cm.
] LA SMEAR SLIDE SUMMARY (%):
1, 40 1,55 1,70 1,110 3,90
it == D o M D M
4 = LA | TeExtuRe
> 2|l A = ] | sew - 5 s 0 —
st ] gl Sitt 35 45 30 40 70
= 3 = Clay 65 50 20 8 30
- * M EES COMPOSITION
E T 4 Quartz T — _ - 25
1 ~ Rock fragments - = = = 3
E o Clay 65 50 20 60 30
w 1 ~ Voicanic glass B — 1'r T 10
= | 7 b T Calcite/dolomnite ? = = = s
D e EAE] 4 ~ Accessory minerals — < 3% -
o = e Tor = Foraminifers -_ ] 75 5 —
5 5 bt = i s Iz
P~ n * | Digtoms 3/ 45 5 35 "
I ™M . Siicoflageliates - - L = -
- o
T LN
1 ~r
E R
Rr"a- 3 ™
| : iy -
@ -.-3'.’,': s i
c ol 4 I
o 4
™ 1w 4
[ e
2
5
3
]
oo |< S
*|* * | —

679D5H |
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SITE 679 HOLE D CORE 6H CORED INTERVAL 485.4-494.9 mbsl; 45.9-55.4 mbsf 679D-6H 1 2 3 4 5 J cc

BIOSTRAT, ZONE/ B -]
= |rossiL cuaracter | o, | 8] o 2le
z bl I Sle 5_
glale AR 52
R glg|g caenic 5[5 . ) =
glslglz HEEE umhoosy | o | 2| w LITHOLOGIC DESCRIPTION
e 2|% =l & Ilw|u IO'
5 (212)5|2| |5|¢gl2|5| ¢k HRE -
slelz|E]|a HEHEEIR] HEE] |5._
T DIATOMACEOUS MUD
= /] 0
o Maijor lithology: dialomacecus mud. generally ofive (5 4/4, 5Y 5/4) and dark olive 2 =
0.5 /;d gray (5Y 3/2); mostly massive with thin yellow (5Y B/8) layers in Sections 1, 3, and 4, —
1 N Minor lithologles: 25_
«dn Jor ] 1. ash layes, greenish gray (SBG 511); Sectian 1, 63-65 cm, B
L 10 - 2 phosphate nodules, 0.5-10-cm diameter. 50
T ® Tor <A 3. dolomite layers, 1-7-cm thick -
= 2 SMEAR SLIDE SUMMARY (%): Y
-}vv 2,55 4,55 y
7 ~r [#] M
- ]
i i TEXTURE 40 -
T3 e I v *
2] 4™ Sii o 40 i
r :'tr ] Clay 80 60 45 =~
-
o e COMPOSITION: 50 B
91 v
j\r i Quartz T =
Clay 60 —
-.\_,.x:,. Calcite/dolomite - 15 55 —
- 5 [ €5 Accessory minerals
Opagu 5 =
g 292 j" 1 Mictilo — e 60— -
= = o 1~ Nannofossils T —
o * 3 3 o~ Diatoms 35 25
= P 1~ 65 =
o o o
> on — =
° oc ] 06 10 —
o - w
o—oT: -
1~ E B T5 .
o =
q ~vr =
- * —
4 S 80
1 N
o A 85 - ! e
- =
T A
=ik 90— X
T
@ 1 ~r
g el 95 -
~N g“ 1~
o .
W . —pr A e
2 @ : 5 94 ~ |00
] . T A
S - -4 los i
g _'Vﬂ.:, =
r bl B I _
wle]| |* THE 1o

5
120
125
130
135 Wt o
140-
145 . ] " 3 »
150 — . - O A
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SITE 679 HOLE D CORE 7H CORED INTERVAL 494 9-504 .4 mbsl; 55.4-64.9 mbsf 679D-7H

= | Fossn cnamacren | , | 8 s
= IL CHAl N g @
RARRRHHE cumc |5[ S
§ % ] H g gz umoloer | § a LITHOLOGIC DESCRIPTION i
AHHEHEBHEEEE HHE |0
LA HE CAESE AR 3la|§ 2
Fl2lz|3|a Z|E|5|8| 5 L] |5__
: i DIATOMACEOUS MUD AND OOZE =
W i A
-+ e Major lithology: diatomaceous mud and ooze, colors are generally olive gray (5Y 4/2), 2 0 B
0.5 L olive (Y 4/3), and very dark gray (SY 3/1). Sections § and 6 contain altemating dark - |
4- -r olive gray (5Y 32) and olive (SY 5/4) layers. Dewatering veins and microfaults occur .
| I throughout the core. 25— 8 S
T . = 1 ¥ .
I"",_- o T@m’mumulmmmw“dmlwmal'dolmamab'ank 30 g
e @ (5Y 2.5/1) matrix; Section 1, 0-40 cm.
1~ 2. thin (1-10 cm) dolomite layers in Sections 1, 2, and 5.
=
E Vv /? SMEAR SLIDE SUMMARY (%): 55
9 iR ! 60 570 CC, e
':Eg 2 :JVV TEXTURE: 45 .
- ] I
- Sin ] 7o 50 60
Frn L/ | cay 20 30 50 40 5
1~ ﬂ 0
1r ~r COMPOSITION: -
Y o
Quartz = ™ D
N o //d Clay 5 30 50 a0 55
5 Dl Calcite/dolomite T T -
_"u'v\r —1 ‘ Accessory minerals i § = i 6 0 =t s
3 :I‘r ar —{ * | Foraminifers - 5 o T -
4 Diatorns %0 50 50 a0 65 ’
_‘j__.. ~r ;//‘ Sponge spicules = 10 — 10
e o Silicoflagell - a— = T 10
ket 1~ _—
E: 3% - I
E o] 3~ l//‘ T5
(1} ™ 4 —1
5 o s q~ 80 Bl I
g = :..rv'\r — \
g DA 85
-
T T
¥ 7 90—
B Tl Vo /©
1~
RS Z 100
3 ~ —f * I
1~ T 105
P il —
" & -—
| T +EE] 2 s
= o S s l
] -
~N
2 e y 125
2 1~ I
m -r
3 1~ v 130
o
3 1 Vi 13 |
m|m = cc 3 . 5 l
| - * - e
140
145

150

6L9 LIS
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SITE 679 HOLE D CORE 8H CORED INTERVAL 504.4-513.9 mbsl; 64.9-74.4 mbst
BIOSTRAT. ZONE/ - .
L | FOSSIL CHARACTER | ,, | w 2w
SETeTel T 5/5|% HE
5|65 3 £ GRAPHIC a
AN HE g % E e 1212 LITHOLOGIC DESCRIPTION
NHEEHEHHBEEE HEE
= =& Wle|3|E| W =
JHHHHEHHHEE HHE
MM ES =9 DIATOM&CEOLIS MUD
1 = I ) very dark gray (5Y 3/1) and black (5Y
Jv z 2 51}, with intervals of mertuyemd olive and dark um gray (5Y sr4 5Y 32). Cove is
05— ™ © massive to thinly bedded to i I
3] Sections 4 and 5. Some lami are ions of M!ﬂlhemm
1 :[:\. }// pale yellow (5Y 8/4) dialom oozes. We ing veins and mi
3 % occur in Sections 1-5 and in pans of Section 6, I l
1
°":v'\— Minor lithologies:
] :‘ 1. dolomite breccia: clasts of dolomite in matrix |:Inr|w:|I dark gray (5Y 3/1) diatomaceous
.lv“ mud, Section 1, 0~28 cm. Possibly a drilling brecc
/; 2. dolomite layers, 1-10-cm thick, commonly tdﬂn-ng?] brecciated.
q4 =
4 +r SMEAR SLIDE SUMMARY (3%): l
0 v 4
-2 s N 4,20 4,94
e, E ~F v M D
T4k TEXTURE;
=3 g
NEEE AR - 3 i1
] ~ /; Clay 100 70 1
[
:Ux. ()] COMPOSITION: . l l
- — Quartz - 5
e |
— = c i1
S ] —1 | Caicite’dolomite - 5 !
3 o # Accessory minerals it _ l
4 © Phosphale L3 —
W r Fuwmﬂars T L
= p it 7 - % . .
i 3\, mwmas i T
(=] 4 ~d
2 oy a o |
4 % 3]
[+ 4 ™~ /} ¥ oy =
w - _'|‘ “ud
= s ) B
3 R B I B N Y/
= ‘e ® T -
L= i 1 B
T
1 v
+r . L.
2 ey /4 l l I
1 /
2 Bl |
i 7 ! i 1 1
—~ Y
i m § i1
- =
e i1 i 1
<4 ™
e | @
et .
EEENl y | i i
- |
il =~ I 5 U 57
of 13| | B3 221 W B i i
et o Crlelg +-E 7
= c o 1 -k T .
2| B e i1
2| |2 £ = i1
e -z
= = o el : L/
om|Z c +-[ :
| » * CCl 1 f——1
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SITE 679 HOLE D CORE 9H CORED INTERVAL 513.9-523.4 mbsl; 74.4-83.9 mbsf §79D-9H | 2 3 4 e cc

BIOSTRAT . ZONE/ .
£ | FossiL cHarAcTER | , | @ s g “
MAOAE HHE HE
i*s = 2 =
g gle|z H § H wamie: =13 LITHOLOGIC DESCRIPTION l
AHHHHEHEEHE R Raaal e HE
5 2 2% als =
AHHHEREIHHEE 3s]8
B HEEHE s|Z|&(8) % HEAE]
+r v DIATOMACEOUS MUD AND OOZE I I
q ~r
3o Major lithology: diatomaceous mud and ooze. Colors are black (5Y 2.5/1) and olive
03~ ~- /} (5Y 4/2) with numerous thin laminae of pale yellow (5Y B/4) diatom ooze and laminae
1. of concentrated foraminifers. Laminae and thin beds occur throughout the core, as do
1 :l r vein and
4 1. dolomite layers, 1-2 cm thick; Section 3, 79-80 cm, and Section 4, 130-132 cm.
+or 2. ash layers, greenish gray (SBG 51); Section 4, 128-130 cm, and Section 6, 23-33
1 ~ /7 and 50 cm.
2 SMEAR SLIDE SUMMARY (%); . I l
g i
o P L/ 3¢ gm g®
> -
] T~ !
T 2 o4 TEXTURE:
".‘- T
- J ~r Sand - 15 15
g S / Silt 85 15 80
H4 s Clay 15 70 !
-N'V & | COMPOSITION I l
T A | ouare — g = I .
4 ~ Feld: —_ 5 —
T Rock fragments -— 10 L] .
W 1 -~ //‘ Clay 15 70 5
=z 3 +o- Vblcanic glass T T 85
i . : — T =
L& 4 ™~ % Accessory minerals T 5 T
=3 - / Foraminifers — T -
= 4 06 Diatoms a5 10 i
. 4L i ! i 11
. W 1
i ~ E=: '
= + 1 vwE= # ‘
< W o
4 . - e i
Lo |4 I !
I E \
_%ﬁv‘l I l I
™ = @4 B
i a4
o I e /f/‘
c 1 ~E=
S o I = /7 l I . l
4 ~r
@ 2|5 I l l
] ).% - T g
: . f 3 ¥
E o s ?
S - = —
‘e —l\r-u- 7
S e e
s === 7= 7&‘- l I — —
0 4
- 6 —
2 1 von T o
@@ i 3 l
*| = * == l — -

s
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SITE 679 HOLE D CORE 10H CORED INTERVAL 523.4-522.9 mbsl; 83.9-93.4 mbsf
BIOSTRAT. ZONE/ » 4
- @
T |FossiL cuaRacTER ol g g E
s FIEE HEE a3
¥ lu|zl= Ylgls GRAPHIC a|e
§ i § zl, :, g P A dimecoer 15 ;‘? " LITHOLOGIC DESCRIPTION
NEHEIEEH HNEER 15|y
3 (2|2|5]% 12135 & 2lal2
ElE|2|E]a d|E|5|a| # HIEIE]
1™ DIATOMACEQUS MUD
1 1
I Maor lithology: dialomaceous mud, black (5Y 2.5/1); massive 1o well laminated, with
0.5 ~ //’r‘ interlaminations of lightly colored, diatom-rich mud or coze. Dewalering veins (both
o vertical and occur gl the core, and Y are
1 T i present. A subvertical fracture filled by volcanic ash occurs from 15 o 32 cm in
3 Section 4.
T
107 A Minor lithologies:
I~ 1. phosphate nodules; Section 2, 30 cm, Section 3, 82 cm, and Section 4,
I== «| 105-108cm,
Iy 2. sand, greenish gray (5GY 4/1), in layers up to 10-cm thick; Section 3, 55-65 cm,
S Saection 4, 110-120 em, and CC; with abundant volcanic rock fragments.
q 3. volcanic ash, greenish gray (5BG 51), up to 20-cm thick; Section 1, 130-150 cm,
I and Section 3, 77-78 cm.
P g ol SMEAR SLIDE SUMMARY (%)
U o | 2 1 ~A
<Gl e i 7 1,145 3,62 3,78 4,114 CC18
7 M M M M M
= 1 A
S TEXTURE:
1 ~r
+.- Sand 30 60 10 &0 50
1 <A Sit 60 20 B0 20 40
+or Clay 10 20 10 20 10
1 M . COMPOSITION
3 3 # | Cuarz 5 15 10 10 20
L avs Feldspar - 10 —_ 10 -_
1 - Rock fragments
= T (volcanic) 0 s — 5 30
17 " 0 20 w20 10
- Volcanic glass 70 - 75 = i
ket Calciter i — —_ -— T 40
o 1 ~ Accessory minerals - 5 — 10 =
= e Opaques 5 — 5 o -
@ a0 1 -4 Foraminifers T _ - — -
(=] g T Diatoms. L T = = T
5 o 1
Fo = 4 Ea
o 1
—_—
g ] o,
|m c i
*| * - CCl T &
A

679D-10H
|

5—__f
10—
15—
20—
25—
30
35—
40—
45
50
55—
60—
65—
70—
75—
80—
85
90—
95
100
105
10
s
120
125
130
135
140—
145—

50—

6L9 LIS



394

SITE 679 HOLE D CORE 11H CORED INTERVAL 532.9-542.4.mbsl; 93.4-102.9 mbsf
BIOSTRAT, ZONE/ 2
= | Fossic characten |, | 8] . gle
E alele g -3
> lelz]e H R a2
wil gl & | = GRAPHIC ale
§ ; § i . g f E z| o CiTuotaay e g g LITHOLOGIC DESCRIPTION
Ll E 2 al.l12|2 = B
A HEHEBEBHEE 2ls|8
= o - - - - x F3 w =3 3 g -
Y = o« o a a o “w 2 =] o
i t DIATOMACEQUS MUD
4 Mo
oo . * Major fithology: diatomacesus mud, dark olive gray (5Y 311, 5Y 32), olive (5Y 4/3, 5Y
:2 : 0.5 573), darkurw:svm}wmogmyisvsmmmmwnw which
- B mpeleolwlﬂ’&'l) to laminated; mluﬁmh&meM
'1 1 7 contacts. Dy veins and present in the core;
= ] mmmmmmmmlmmmmmmzn\dmmaws
193 Minor lithologies:
- 1. drilling breccia with phosphate nodules and pieces of dolomite in muddy matrix;
i Section 1, 018 cm.
2. phosphatic breccias with coarse nodules above sharp, scoured contact; Section 2,
] IOO—HOnm Section 4, 20-30 cm, and 128-132 cm,
e 3. dispersed small phosphate nodules; Section 4, 132-150 cm,
] 4. sandy mud, very dark gray (5Y 3/1) in disturbed layer; Section 6, 45-69 cm,
5 q SMEAR SLIDE SUMMARY (%):
- 1.25 4,58 6,44 CC 15
] @l [+ M M M
] TEXTURE:
] 7
A Sand 10 5 10 5
o ] St L " [T
o] 3 /| clay 60 685 60 85
R *
w 3 N Quartz 20 10 20 5
= 4 | Feldspar 5 s 10 -
W R Tl | Mica T — 5
& -] | clay 65 65 55 75
2 ] Volcanic giass 4 = - T
2 ] L/ Calcite/dolomite T — L L
o e Accassory mi 3 15 5 -
@ i Sial 3 o 2 15
oms 3 10 = 15
u ] € Pallels - 10 5 -
z " i
(=] -
=l 4 ]
= e
~ ]
. ]
@ 5 5
Tle 3 /7
~ | -
@ . ]
= .
=) 4
~ .
3 : g
@ ] /i
:, 6 3 *
g 3
oflm| |& N /7
*| = - (CC| B *

679D-11H

5
10—
15
20
25
30
35
40
45
50
55
60
65
70
15
80
85
90—
95
100
105
110
s
120
125
130
135
140
145
150

cc

6L9 HLIS
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SITE 679 HOLE D CORE 12H CORED INTERVAL 542 .4-543.9 mbsl; 102.9-104 .4 mbsf B679D-12H ! 2 cc 679D-13X 1 2 cC
BIOSTRAT, ZONE/ . | 1 | =
% FossiL cuaracter | | 8 s § @
L
w | | w sl=1% =l s
g HEHE 1HE cuamic | 3 g LITHOLOGIC DESCRIPTION
22|55 ]|e 3 - I P umonosy |2 )@
eI IEL 2l .l=2|3]| & Slela
3 - z = - at @ = - :l = . a
E |lz|z|a|la Jlx=lw|e Zlal=z
=l2|z]|&|a F|T|E|8| % HEG
w § DOLOMITE. PHOSPHORITE. VOLCANIC ROCK. SAND, SANDSTONE. and MUD
= @ L —]
i} s 3"‘ — Major ithology: of dolomite, and volcanic rocks in Section 1,
g ~ ] 0-22 cm, Sand, gray (5Y 5/1), finely laminated at upper contact, lower par conains
= : . coarse sand and disseminated pebbies in Section 1, 22-40 cm. Fine sandsione, very
= g - ﬂam;ny{sv /1), hard, calcite-cemented, in Section 1, 40-44 cm. Sandy
p (=% mud, dark olive gray (5Y 3/2), in Section 1, 44-80 em. Exiremely disturbed mud, with
[ E‘ irreguiar biebs of olive gray (5Y 5/2) mud, gray mud (5Y 5/1), dark gray sand (5Y
o = 411}, and foraméniter-rich sand, in Section 2, 0-53 cm, lo CC.
o
3 8
= 2 -0
(] w X
5 Q o
Slo|m| |~ o
— %= * =10
|
a
o
w
=
(=]
o
SITE 679 HOLE D CORE 13X CORED INTERVAL 543.9-553.4 mbsl: 104 .4-113.9 mbsf
BIOSTRAT. ZONE/ - :
L [FossiL chanacter aléls g E
3 leTale ElE]E a2
Elelal= HELS GRAPHIC alg
§ £ E =1 E § £ 2 umooer | E . LITHOLOGIC DESCRIPTION
RHEHEHBEHBHEE: M
= L3 x o - - = "] o :' = a :
~l2|2|&|a HEEIEIR S|la|a
w [ i E I # | DIATOMACEOUS MUD
Ej ,‘3‘ - a E - Magor lithology: diatomaceous mud oﬂn(s\f 373}, very dark gray (5Y 3/1), and
o L "ﬁ o5 . olive gray (5Y 4/2). wmw plms inifer-bearing with sparse. smail
o 5 = o * dolomite nodules; massive, thinly bedded, or laminated.
= - 1 4
= R e~ 1 SMEAR SLIDE SUMMARY (%):
-
5 @ 1073 1,14 1,22 1,42 1,81 1,136 2,18 CC,21
o ° . b D M D D o M ]
o @ a3 *
. B
= g TEXTURE
o - @ *
g 3 2 4 Sand 10 5 10 15 - 25 10
g ool |- | St 50 45 40 30 60 35 40
O |*|* » ] # | Clay 40 50 50 40 50
o
: COMPOSITION:
L= Quartz 10 L 5 5
ox Feldspar - - - - - - 5
] Rock fragments — = —_ L] - - -
= Clay 30 45 50 50 40 40 50
o Volcanic glass T — T — = e L
- Cal - W o — H - -
Dolomite — * ® - - T -
Accessory minerals — — s - — 5 -
Amphibole - = e e = e
Gypsum - T T — =i T ==
Micrite 15 — — — - - 5
Foraminifers T 5 10 10 - 15 -
i s T — . T s
Diatoms 40 50 40 40 60 35 35
Sponge spicules £ O™ = L= = =

6L9 ALIS
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SITE 679 HOLE D CORE 14X CORED INTERVAL 553.4-562.9 mbsl; 113.9-123.4 mbsf
BIOSTRAT, ZONE/ % )
£ |FossiL cHARACTER |, | w | » gl
HOHE HHE HE
“ |E|= gle|s GRAPHIC K
§ £ § é Y HHE g . | violoer ; : " LITHOLOGIC DESCRIPTION
RHHHEHBHBAHHE M
= al% 4| = ol = ]
HHHHERHHHEE Y EHE
] DIATOMACECUS MUD
| * | Major lthology: distomaceous mud, dark olive gray (SY 3/2), silty 1o sandy,
05— foraminifer-bearing with thin laminae which are diatom-rich. Faintly bedded to
ok Al mmmh:Mm‘m-&anmmz.wmmw
1 17 |ED) also has small dolomite nodules), Some thin layers of sandy feidspathic silt
-
i 1o o SMEAR SLIDE SUMMARY (%)
i ™~ 1,29 2,44 2117
3 1 o o oD
o ]
s s A T3 TEXTURE
P . ™I
& . 2 . Sand — 2 15
ul a i Y] * | sit 40 45 45
a & b .| M @)| | O B0 % 40
© 1 4 COMPOSITION
N 258 €|
2 = « | Quarz — 20 25
mjm] & ™~ Rock fragments 2 8 %
* | = ccl 4.1 Mica - T —
Clay 5 30 30
Volcanic glass TI' - -
5 _ A
Accessory minerals
Foraminifers T 5 -
Diatoms 70 20 0
Sponge spicules - w i
SITE 679 HOLE D CORE 15X CORED INTERVAL 562.9-572.4 mbsl; 123.4-132.9 mbsf
BIOSTRAT . ZONE/ X
t | Fossic cmamacrer | | 8] o E @
MOEE ElE|% HE
x [E[2]2 Blele L
§ . 2 M 3 g z Lf:r:::':;sv a ;_ “ LITHOLOGIC DESCRIPTION
AHEEHHEBHEEHE: HEF
HHEHE “leld)|s| 8 2la|§
FlE8lZ|8|a s|E|5|8] % £|lg|a
W @ o X DIATOMACEOUS MUD
& 2l |9 X
'E] < - Major lithology: diatomaceous mud, ofive gray (5Y 4/2), sllty\foramlmformnng with
= NS 0.5 widely dispersed, small {24 mm) dolomitc snd phosphatic noduies. |
= - . occur in Section 1, 10-30 em, and In CC, 5-10 cm.
= NEaEE
o
ﬁ bJ 1.0
o I
o D
3 2 8
m|m v a
% ? icCl 4 =

679D-14X

B679D-15X
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SITE 679 HOLE D CORE 16X CORED INTERVAL 572.4-581.9 mbsi; 132.9-142 .4 mbsf 679D-16X CC ! 679D-17X
BIOSTRAT. ZONE/ & 5 ._I-
| rossiL chamracTER | | w | = Ele
L eTele S|e1§ 2|8 5
HHEE gle|$ CRAPHIC a|g
§ A;,, § z, § g . I TAL G e g @ LITHOLOGIC DESCRIPTION TO
e EIETE HE IR Zla|u
HHEHHE R H R 3| |
A B d|E|5|%8| & HEIE] 15—
L| ) - ccl 7 i # | DIATOMACEOUS FELDSPATHIC SILT
ﬁ oo e = 20
5 = Maior lithalogy: diatomaceous leldspathic silt, very dark gray (5Y 3/1),
o N
= SMEAR SLIDE SUMMARY (%): i
= o bl 25—
& = cc. 18 -
o g : 30~ -
o E'-;. TEXTURE: —
= @ sit 50 35— -
8 Clay a0 =
Al
S COMPOSITION: 40— ==
< Quartz 20 —
A Feldspar 40 45— ==
w Rock fragments 5
o glass 5 -_—
S i 5 50— -
Accessory minerals
Glauconite 5 —
Pyrite 5 _
Diatoms 15 55 IS
SITE 679 HOLE D CORE 17X CORED INTERVAL 581.9-591.4 mbsl: 142.4-151.9 mbsf .
BIOSTRAT. ZONE/ . BO—' —_— —_—
= FOSSIL CHARACTER 3 ole
z sl1Elg S|e —
ANBEARRAHE e HE 85—~ - 3
g |52 HR g HER " R ; H " LITHOLOGIC DESCRIPTION i
NEIEIEL NELE 3= T
N HHHEBEEEHEE 38 90 - -
- lE2|2|d|a HE IR HEE] -
e R 7] t @ DIATOMACEQUS MUD AND OOZE 95_' = i
N E: : =
g T 7] Major lithology: diatomaceous mud and coze, dark olive gray (5Y 32), silty and
2 P (T 11 &) sandy; contains small (up o 3-cm diameter) black phosphate nodules and peloids in 100— - -
s 3 ] Section 1, 7-52 cm, =
e[ ! i I SMEAR SLIDE SUMMARY (%}: 105— — -
107 ~r * 1,110 2. 42 ¥
o dv b L “0_ = —
,':-ﬂ.: 1 0% TexTuRE: ns ~3
28 ] "W sang w1 58 7
2 i = Silt 50 50 -
e BE 1 * | Clay 40 40 |20__ 1 ot
oo = : Yy
o L e S COMPOSITION: 125
Quartz 10 5 "y 3 o
Feldspar 30 15 -
Rock fragments 5 = |30_
Volcanic glass 5 T AT -
5 5 —
Accessory minecals
Glauconite 5 5 135— ] ; e
Pyrite L T i
T T
Foraminifers —_ T |40_ = i
Deatoms 40 70 —
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SITE 679 HOLE D  CORE 18X CORED INTERVAL 591.4-606.9 mbsl; 151.9-161.4 mbsf §79D.18X 1 2 3 679D19X 1 2 3
BIOSTRAT, ZONE/ ] | ] . i ; -
£ | rossiu channcren |, | 8 | o gla A _|
heTerel T 1515 HE }
w |E12]1% wlal|= GRAPHIC a 1] ;
o @| 3 = T
2 |z|8|5|g| |2 E|E g| o | vmeoer 22| LITHOLOGIC DESCRIPTION [
T | 3 3 2 |
RHEEEREFHHE: I
2|%|12|2]= AHEIHR HFE [
=lE|z|E)|E |E|5|8)] % AR |
5 ™~ 1% DIATOMACEOUS MUD |
- I Major lithology: diatomaceous mud, very dark gray (8Y 3/1), dark olive gray (SY 3/2), {
— 05— ™ * Silty, with thin interlayers of diatomaceous silt and mainly massive. Thin bedding and :
T~ laminations in the lower part of Section 3 and in CC. Scatterad small dolomite(7) and
1 1 ~ phosphate nodules.
P © o | SMEAR SLIDE SUMMARY (%) :
= ™~ 1,59 1,126 2,38 348
=] 4.2 o M M
~ R
w “ 4 é TEXTURE:
w . T
o o 1 —1— * | Sand - 5 5 -
o s = Ep —~|€3| | s 45 80 60  —
= 2 o . Clay 55 a5 35 100 t
« u 5 B X COMPOSITION: I
o _‘é’ T s Quartz 5 15 15 —
o S 4 = r 5 10 10 —
= b Fr X Rock fragments T w0 15 —
2 o Clay 45 a0 30 -
a = s Dolomite rhombs - 15 —_ —
B AR i Dolomite L — 10 -
m 1 Accessory mingrals
i B il 5 @ * Pyrite b T 5 =
5 3 4 ~ Amphibole = T S
3 i 7 Apatite - = = 100
o 1 = s Foraminiiers ™ — — —
olal [F T |69 | Diatoms 46 10 15—
b » 3 -~ . Radiolarians T T b -
CC ] Fish remains T T - -
Pellets - 10 — -
SITE 679 HOLE D CORE 19X CORED INTERVAL 600.9-610.4 mbsl; 161.4-170.9 mbsf
BIOSTRAT, ZONE/ ¥
; FossIL cHARACTER | | & r gla
> [eTaTe AHE A
E) gle z
§ E g é " g % H L:':::r;g‘ ; 3 " LITHOLOGIC DESCRIPTION
Zls 3 =z 17 @ Zla|w
HEHEHEREHAHEHE 3|%lé
2 |lae|lz|a|s 2lzlule] & 2lal3
s lE|2|2|a d|E|3|8] = El8)a
S 2 A DIATOMACEQUS MUD AND OOZE
" BN :
T é Major lithology: diatomaceous mud maum dark olive gray (5Y 32), sdlvmd
05— ~ 1| sandy. Mostly laminated to cross-laminated. Sparse, widely dispersed, small (1-3-mm
ﬂgi 4 } dlamsher)darkbrwn!?sYRui}logray:SY&'ﬂp!mmmnomm
- 1 z - *
= 1. Z SMEAR SLIDE SUMMARY (36);
) 10 e J/_ﬁ 1,77 2,26 2112 .
w 4 NN ] v} o
= i . v
y § : TEXTURE
p 2 —
<o e A=A 5 0 5
= 7 = Silt 45 40 30
@« _:‘u_v By = Clay 50 60 B5
u 2l 1~ g —| | compPosiTioN
o - o =]
S g 1 -~ % | quarz 5 5 10
2] T “ # | Clay 40 20 45
= i % Volcanic glass - - b
= E 7122 | Cakiteidolomite i - -
o N = Accessory minerals - 5 10
@ E e %ﬂi Pz =
2 3 I~ 27 Foraminilers T T T
m|-= | 1% Diatoms 50 70 35
* | * CC) -+ : 31(: Sponge spicules T - 1 '
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SITE 679 HOLE D CORE 20X CORED INTERVAL 610.4-619.9 mbsl; 170.9-180.4 mbsf 679D-20X% 1 2 cc 679D-21X €C
. |orosTRaT. zomes . . - T -
g FOBSIL CHARACTER g El g § m
MEEF A 5|2
g g § g Y g % |, el ; 2. LITHOLOGIC DESCRIPTION
1 =l 2 | |lalc| = zinlw
MHHHHBEHAHEE EINE
F|2|2|2|a s|Z|5|8| % HELE]

b 32 I_ DIATOMACEOUS MUD and MUDDY TO SANDY SILT

- @ ] — Major lithology: diatomaceous mud, dark gray (5Y 4/1) and dark olive gray (5Y 3/2).
= o o 0.5 — Silty and sandy; contains dispersed, small, black 1o brown phosphate nodules. Muddy
w ~N ga , 1 to sandy silt, dark olive gray (5Y 3/2), leldspathic.

3 2 7 ] SMEAR SLIDE SUMMARY (%);

s S o |10 » 1,98
x x o . 06 D

L] 1
g 2 e . W] rextuRe:
o Bl I cel Clay 10
COMPOSITION:
Quartz 10
Feldspar 30
Rock fragments 35
Clay 10
Volcanic glass ‘:
Accessory minerals
Pyroxena
Amphibole T
Foraminifers 5
Diatoms
SITE 679 HOLE D CORE 21X CORED INTERVAL 619.9-627.9 mbsl; 180.4-188.4 mbsf
BIOBTRAT, ZONE/ y
= | FossiL cuamacten |, | & s Elw
5 2lelR E S
» E ; E ;' g 2 GRAPHIC 2|
§ ilE = glg|E z LITHOLOGY ; ;. a LITHOLOGIC DESCRIPTION
AHHHENHHHEE e
SHHEHEREHHEHE] HEE
e B cc ™~ 1==1% SILTY DIATOMACEQUS MUD
:gﬁﬂfw:&ﬂlmumﬁlmmdmymmmsm.vuyamw

no— -
||5': —
120— 8

30— — = - 130t

RO 0 4 40— -
145— -- - - 145— a
50—  — — - 150— =
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SITE 679 HOLE D CORE 22X CORED INTERVAL 627.9-637.4 mbsl; 188.4-197.9 mbsf 679D-22X CC 679D-23X CC

= |Fosai cuamscren | . | & gls
z glE|8 H
AAEERBHHE I S S
§ : H z 8|8 z wrvoroey lelzla LITHOLOGIC DESCRIPTION
: (2 1HE HHE 10 10
HHHHBRHAHHE 1HE
= la « | a a o ® | @
| » * ICC| | # | SILTY SAND and SILTSTONE 15 Is
m|@ s
: e A S A e 20 a9
g‘ SMEAR SLIDE SUMMARY (3%): 25— =i 25—
2 cC, 6 =a =1
: D 30— — 30_ T
2 TEXTURE: = =
Sand a0 35_ = 35— -
Sin 10 — s 1
Sor o 4= - o)
COMPOSITION: s -
e o T g5~
e 2 - .
Clay 10 90— = 50_ 'y
g - 2
Diatoms 10 55— — 55— =
60— — 60—  ~
65— - 65— -
o R T [
[ 5=l -
SITE 679 HOLE D  CORE 23X  CORED INTERVAL 627.9-637.4 mbsi; 188.4-197.9 mbsf 80— - 80— -
s ] 1ol o[ i, SRR R
232 B S w2 w’ =
g % g H y g E E Em Rty sl ; ‘E’ 4 LITHOLOGIC DESCRIPTION 90— . 90— =
AHEHEEHBHEAHEER: 3|2z - wt
JHHBHRHHEEE HHE 95— — 95— .~
OB cd I~ [==3% DIATOMACEOUS MUD 100— - 100— -
o f:_‘ Major lithology: diatomaceous mud, black (5Y 2.512), sity CC below B cm is soupy, s -
% ??_o;sgnunmmm fragments. of black (SY 2.5/2), silty diatomaceous mud in CC, 105_ > ‘05_ L%
g ot _
o —
s ||0: — ||0_ —
g ns5— - o=
120— - 120— —
- T (e RN T o R

1305 J= 130 -
135— = 135—= -
40— - 40— -
145— —  145—  —
50— -  I150— -
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SITE 679 HOLE D CORE 24X CORED INTERVAL 646.9-656.2 mbsl; 207.4-216.7 mbsf 679D-24X 1 679D-25% CC

BIOSTRAT, ZONE/ e i
T | FOSSIL CHARACTER Wl o @l
z El=]= Slw
2 lelae AHE a2
XElulzls HEIH GRAPHIC ale
E £ a M g HE < iimrons || ol ® | LI THOLOGIC DESCRIPTION
AHEEHBHEEEE HHE
W3 21 2 wWlo|3|r| w i D
z |a|E|a|% al=l@&|le] = Zlal=
FlElz|a|a d|E|5|n)] % HEE
1 I DIATOMACEOUS MUD
* -
o Major lithology: diatomaceous mud, dark clive gray (SY 3/2), silty, massive.
@ SMEAR SLIDE SUMMARY (%):
o
[ 1,25
%) o
= TEXTURE:
c
2 Sand 5
Silt 30
Clay 85
COMPOSITION:
Quartz 30
Faldspar 10
Rock fragments 15
Clay 20
Foraminifers L
Diatoms 20
Sponge spicules 5
SITE 679 HOLE D CORE 25X CORED INTERVAL 656.2-665.7 mbsl; 216.9-226.4 mbsf
BIOSTRAT. ZONE/ = :
% FOSSIL CHARACTER s ) g §
AEE HHE 8|2
Slelals 218z sl Bd B LITHOLOGIC DESCRIPTION
- 5 g = =¥ E s LITHOLOGY g E z
MHHEHBEAHEE: HHE
x| £la|% J|1Elu|s] 5 2lalz
CREH IR Z|E|5| 8| & HEE]
w | *|* * cc 4 A SANDY SILT and DIATOMACEOUS MUD
Z |@|@ @
[T} g Major lithology: sandy silt and diatomacecus mud, black (SY 2.5/2), thinly bedded to
o ~ laminated; CC, 0-15 cm. Diatomaceous mud, dark olive gray (5Y 32), silty; CC,
o 7 15-21 cm.
= o - — —
& = SMEAR SLIDE SUMMARY (%): IOO loo il
o — s
w (=3 CC.7 o
& 2 g 105 - 05— -
= . = =
= TEXTURE
: gund 20 — —_
it &0
o i
$ Clay 20 1S - 15— -
S ; = 3
3 COMPOSITION: IZO_ - |20_ -
it Quartz 40 - el
r 20
Rock fragments 20 |25— -— — ==
Voleanic glass 10 —— 125
Foraminilers 5 o
Diatoms 5 130— == 130— ==

135— . - 135— .
40— - 140—
145— - 45— -
150— - 150—
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SITE 679 HOLE D CORE 26X CORED INTERVAL 665.7-675.2 mbsl; 226.4-235.9 mbsf
BIOSTRAT, ZONE/ .
= |Fossi. cramacren |, | © & E =
HABRE HE HE
5lula|= i8]z GRAPHIC HE
§ £ g § . ; g g e LitvoLoar | g g 8 LITHOLOGIC DESCRIPTION
. 3 al-|2|2)] = 3
THHHHBHAHHE g8
- (" x [ 3 a a E o g = =) g ]
w 1] q0 SILTY DIATOMACEOQUS MUD and MUDDY SILT
=z A ‘
] 1 ] 1116 Major lithology: silty diatomaceous mud and muddy sil, black (SY 2.5/1), highly
3 5 - black ic nodules may be part of a drilling breccia.
= ~ SMEAR SLIDE SUMMARY (%):
Z | w * CCl 11 * e 15
@ A
w|?® |2 D
a N
5 i TEXTURE:
= Sand 10
g Silt 70
b Clay 20
g COMPOSITION:
g‘ Quartz 30
et Faldspar 10
5 Rock fragments 30
< Clay 10
Caicite/dolomite 5
Diatoms 10
Sponge spicules 5

679D-26X

1
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SITE 679 HOLE E CORE 1X CORED INTERVAL 696.1-702.6 mbsl; 245.3-251.8 mbsf
BIOSTRAT. ZONE/ :
£ | FOBSIL CHARACTER u o | @
2 =rers I HE
g § HE HE SRARtEC | g ITHOLOGIC DESCRIPTION
gi‘b’?; «%EE uithoLoay [ o[ E | o L
v 13|82 2l .12|s| 8 Sle|Y
HHHHEREHEHBE 2)a|d
R EIEE HEAEIEIR ] HEIE]
w .. col A SILTSTONE
@|m|m|m . )
S Major lithology: gray (N 5/) to dark gray (N 4/) siltstone.
8
]
=
b
o
=
SITE 679 HOLE E CORE 2X CORED INTERVAL 702.6-712.1 mbsl; 251.8-261.3 mbsf
BIOSTRAT. ZONE/ - ¥
T |Fossi cuamactER | [ | W | o E @
£ clelg -
A EEE S 5|2
al= = GRAPHIC a
§ E g F . § % £lg| L | wmieloor ; § & LITHOLOGIC DESCRIPTION
NIl ERE a3l .|212| & HE
$1312l5|= HEEFIH R 2145
H E|lz|8|= F|E|E|E] & HETES
w z -3 o LS [y o ] k3 (-] o
] # | MUDSTONE/SILTSTONE
~ * Major lithology: gray (N 6-N 5) to dark gray (N 4/) mudstone/siltstone, containing light
Eq 1 o5+ gray (N 7/} laminae.
73 Minar lithoiogy:
S P 1. bed of voicanic silt, Section 1, 50-51 cm
2. bed of dolomitic silt, Section 1, 92-83 cm,
o |m|o|o X
|| n|w CC| 5% SMEAR SLIDE SUMMARY (%):
1,16 1,50 1,82
D
TEXTURE:
15
Sil 70 50 75
15 10 25
COMPOSITION:
Quartz 35 20 5
Feldspar 5 15 5
Rock fragments 35 50 20
Volcanic glass 15 10 25
Calcite/dolomite 5 T 45
Accessory minerals 5 5 -

679E-2X

1
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SITE 679 HOLE E CORE 3X CORED INTERVAL 712.1-721.6 mbsl; 261.3-270.8 mbsf
BIOSTRAT, ZONE/ i
£ | FossiL cHARACTER | ., ; o
S|E|S W
5 al= ¢le|g E g
5|85 E i i g GRAPHIC a
§ |8 z cl2|&], unotoey | g H ~ LITHOLOGIC DESCRIPTION
--;gi HHEHHE: HEE
S HHHEE A HH R = §
CRHEIEIE 2|58 3 HEE]
: i MUDSTONE/SILTSTONE
p ] N - Major lithology: muds! Mrwm@-ﬂmhmummmw
bl 0.5 1/ :lil;limmd Regular spaced lamination in Section 1, 90-150 cm, Highly disturbed by
] N . "
! ] y SMEAR SLIDE SUMMARY (%):
L b 1,45 1,140
] ¥ D o
] Q * | texume
oo oo .
C 4. Sand 75 30
* % w|n 1 X P 1> x
Clay 5 10
COMPOSITION
CQuartz 10 1o
Feldspar 15 15
Rock fragments 60 80
Clay 5 10
Calcite/dolomi T b
Accessory minerals 10 5
SITE 679 HOLE E CORE 4X CORED INTERVAL 721 .6-731.1 mbsl; 270.8-280.3 mbsf
4 :lolzl'nl', ZONE/ @ =
= IL CHARACTER o -
HMAEE e |5 £ 1k
& GRAPHIC H
g g g § g g H § il iyt ; g N LITHOLDGIC DESCRIPTION
! . 4 - - “w
HHHHBHBERE 2|28
= |El2|2|a HEAEIEIR HEE
=/ ‘ MUDSTONE, SANDY MUDSTONE, and SILTSTONE
> or silistone, gray (N 8/=N 5/) to dark
N l waymlnawu occurs frequently. Scoured contact, graded bedding
P mauapwmwmmwmm
N t SMEAR SLIDE SUMMARY (%)
e 1,133 2,97 3,45
) t i M
\‘ - | TextuRe
/:ﬁ‘ Sand 0 — 5
N Sin 20 70 30
Clay 20 30 85
=
N ‘ COMPOSITION
e
Quartz 30 — 15
O] (.. B &
< ‘ Mica . T T z
- 30
/| %nm 5 — 10
N Accessory minerals ™ T -
At e f T~ 2
Ny quartz - 10
¥4 Devitrified glass - - 5
B I
3 i <m
i )
= =N w
o|o|o|o b
#lwlwl N

B79E-4v
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SITE 679 HOLE E CORE 5X CORED INTERVAL 731.1-740.6 mbsl; 280.3-289.8 mbsf
BIOSTRAT. ZONE/ .
£ [FossiL chamacter |, [ 8] o I
g " 2lE|% s
x | & s i i E 2 GRAPHIC E o
g8z HHE umooer | ¢ z. LITHOLOGIC DESCRIPTION
D ; s § 2| .| 5 2 vl b
§lE(2(5(5| [2(g(3(5]2 3lg f
FlE|2|d|s NEHEEIR] HEG
INTERLAMINATED MUDSTONE and SILTSTONE
Major lithology and silistone, light gray (N 7/), gray
(N 6/~N 5/), and dark gray (N 4/), Graded bed, turbidite structures occur, Minor
bioturbation occurs in pelitic and gic infarvals. C: Highdy
disturbed by drilling.
I SMEAR SLIDE SUMMARY (%):
177
TEXTURE:
& Sand 30
N it 30
Ve Clay 40
>E # | coMPOSITION
N Quartz 30
Felgspar 5
7 Clay 50
N Calcite/dolomite 10
4 Accessory minerals
N Micrite 5
.
AN
&
iy
] s
Y
N
/I
o
e
N
/|
<
7
N
/7
NI
o|o|o|o <
*w .| * Sy s

B79E-5X

1
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SITE 679 HOLE E  CORE 6X CORED INTERVAL 740.6-750.1 mbsl; 289.8-299.3 mbsf 679E6X 1 2 ' 679E7X 1 2

- BIOSTRAT. ZONE/ - »
= | FossiL characTER |, | B 2la
Erererer T 15|5|E HE
§ g 5 g g g E H Lffu'i"éir ; §_ ™ LITHOLOGIC DESCRIPTION
MEIE 2l .[28 HE
! = == Wlw|(3|F i
HHHHERHHHE HE
i § “ INTERLAMINATED MUDSTONE and SILTSTONE
Major lithology: interlaminated mudsione and siltstone, light (N7,
. < “ (N 6/-N 5/), and dark gray (N 4/), Graded beds, mm?emg&mmgn?’m
ik bioturbation occurs in pelilic and hemipelagic infervals. C: Highly
1 ./_/ disturbed by drilling.
o
I8
BPiIL
Ay
1718
AN
118
2 N
o+ 1AL
z B
2 -n /
. Ve
3
o|m|o|m
*| %% # [ofe
SITE 679 HOLE E CORE 7X CORED INTERVAL 750.1-759.6 mbsl; 299.3-308.8 mbsf
BIOSTRAT . ZONE/ @ .
§ FOSSIL CHARACTER | 4 | & | = E a
o =
a|m|w clels HE]
% |E|13|% wlg)s craemic | 3|5
§ £ § :E: ™ = E B z| o LITHOLOGY ; § a LITHOLOGIC DESCRIPTION
y|3)8|2|2 2lalele) 8 S|1°|z2
SHHHHBHHHEE HHE
e -1 a = a @
% § MUDSTONE and SILTSTONE
] Major ithology: mudstone and sitstone, gray (N 51 to dark gray (N 41). Turbidite
0 .5— . { * structures and microtaulting occur.
1 Z 8 SMEAR SLIDE SUMMARY (%):
* : * 1,40 1,86 1,125 CC,26
o |10 i < i ; By
o . g * | TEXTURE
"; . Sand 5 5 10 25
. 2 ra Sitt 80 60 80 65
a AN Clay 38 3 10 10
o|o|o|lo . 7 COMPOSITION
*|w|w|» CCi SN | *
Quartz 10 15 15 5
F 35 45 5 30
Hod(lrémwu 10 5 - 5
= B EE
Volcanic 1 =
Yo s — 80 10
Y 5 B
Micrite -_— - — 25
Nannofossiis T - -
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SITE 679 HOLE E CORE 8X CORED INTERVAL 759.6-769.1 mbsl; 308.8-318.3 mbsf 679€-8X 1 | 2 cc
BIOSTRAT. ZONE/ N
£ |Fossiu chamacter |, | S| & gl
g elelg 3|
EIE HHE B2
AHHHARHUE el LT Limevoac tscuon
AHEHEEIREHEHE L
AHEHHEREIHHEE 3|5
ERHEIELE c|E|S5|8] % HEIE
H gé # | MUDSTONE and SILTSTONE
@ -
a’: 9_ . Major lthology: _ml.ldlloneam sifisione, gray (N 5/ to dark gray (N 4/). Turbidite
c;c'f L] 0.5 y Vs siructure and microfaulting occur,
= 1 N SMEAR SLIDE SUMMARY (%):
1ol
1.0 5 o 89
3 /?/L
1™ TEXTURE:
: 8 Silt 20
2 :/ Clay 80
: § COMPOSITION:
o|m|o|o H B By
£ dall I B
Calcite/dolomita 75
SITE 6789 HOLE E CORE 99X CORED INTERVAL 769.1-778.6 mbsl: 318.3-327.8 mbsf
BIOSTRAT, ZONE/ u; i
£ |FossiL CHARACTER | ., | w | o 2.
; 8 = E|w
g ; H ; § g GRAPHIC E 5
g g 8 g 5 % & Preooipall o - " LITHOLOGIC DESCRIPTION
AHEE B EHEEEE HHE:
S |2E[5|E] [%|g]3|5) ¢ 3413
S|E|Z12|5) [Z|E|E|8] ¥ L
5 § CLAYSTONE ang MUDSTONE
“ . Major lithology: claystone and mudstone, ight gray (N 7/), gray (N 6/-N 5/, and dark
:g' 1 . 8 » gray (N 4/). Siltstone occurs,
'.'2:3 X % | SMEAR SLIDE SUMMARY (%):
?ﬁ Lad x 1,54 1,76 1,8
o|ojo|o - o |w M o
b Bl °.g S S S TEXTURE:
=2 Sand 15 5 —
[e2s] Sit 25 15
= Clay 20 70 85
COMPOSITION: 3
Quanz 30 ¥ =
Feldspar 20 10—
Rock fragments — 5 -
Clay 20 5 80
Volcanic glass 20 15 10
Calcite/dolomite 10 5 10
Accessory minerals
Micrite - &0 -
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SITE B79 HOLE E CORE 10X CORED INTERVAL 778.6-788.1 mbsi; 327.8-337.3 mbsf B79E-10X 1 2 = B679E-11X | 1 2 cc

BIOSTRAT . ZONE/ “ ;
% FOSSIL CHARACTER |, | u | o !s’ E
8|=
o|o|a clxl% Bl2
| E o =5
g “l5)= ¢ £1% GRAPHIC |5 | B LITHOLOGIC DESCRIPTION
HEE 5 i £ x| e urhoLoey o | 2| w
T 2 =8 HH
gz HHHBHBHE g 3|38
A HEIEE |58 % HEE
. e MUDSTONE and SILTSTONE
” . -
L N Maijor ithology: mudstone and siltstone, dark gray (N 4/) and thin bedded. Beds are
o 0.5— e Vs §-15-cm thick and grade upsection to dark gray (5Y 4/1) micritic clays.
. ;
3'11 =l AN * | SMEAR SLIDE SUMMARY (%):
P P -
= 1] 8 .20 1,68 1,75
' 8 TEXTURE
[kVE| Sand 5 5 40
i Sil a5 75 50
: g < Clay B 20 10
* A/ COMPOSITION
2 I Quartz - 5 10
/1®| | Feidspar — 10 40
\ Clay 35 10 10
ie Volcanic glass 5 5 -
Calci 80 70 40
06
«|3 |z
W &
m|m|o|m - B b
*| % | » ~IC
. G Y
SITE 679 HOLE E CORE 11X CORED INTERVAL 788.1-797.6 mbsl; 337.3-346.8 mbsf
BIOSTRAT. ZONE/ w ¥
E FOSSIL CHARACTER |, | 1 | o g E
(] =
REID cl=|% £l3
HAEIHE T cuenic |3 3 LITHOLOGIC DESCRIPTION
§ 5 § g 2 3 £ E =] o LitwoLosy | g | E |
EiEIE HIMEIEIR: HE
A HHEHBEHHAE: HAE
FlElz|e|a HEAEEIR] AR
“ i MUDSTONE, SILTSTONE, and SHALE
% Major lthology: Section 1, 0-20 cm: dark gray (N 4/) mudstone and siltstone are thinky
- bedded. Beds are 5-15 cm thick and grade upsection to dark gray (5Y 4/1) micritic
o clay. Section 1, 20-150 em, Section 2, and CC: very dark gray (5Y 3/1) fissile shale,
o P finely laminated and foraminiter-rich.
e E
) P e & | SMEAR SLIDE SUMMARY (%):
5 A X * 1,124 1,127 2,127 2,143 2, 145
s D D D D D
= + ;2 TEXTURE
=
w ] N Sand 0 2 10 5 =
22 — v Silt 50 40 40
@ h Clay 70 10 55
o |8l 2 >
=|2|8 £ COMPOSITION:
=< x } * | Quanz 5 5
ol E : Feldspar 5 15 15 15 15
2= o : > Rock fragments = § 5 —
2le & 80 40 85 50 80
E|S|o|m L] b Volcanic glass 15 10 10 15 —_
w | ww L Calci . - 2 5 1w 1w
,“‘.ﬂ
Micrite - - - - 10
Nannofossils - 5 5 - -
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SITE 679 HOLE E CORE 12X CORED INTERVAL 797 .6-807.1 mbsl; 346.8-356.3 mbsf
BIOSTRAT. ZONE/ .
% FOSSIL CMARACTER g E f !S' E
HEE v E g GRAPHIC s E
wl g = -
B . ; g g ” T oS ; 2 » LITHOLOGIC DESCRIPTION
N EI AR .l2l=s| & Sle
A HHHEHBHHHEE 2|8
=lg|2|a]a |E|5|8)| % g8
< <§ SHALE
= = — Major ithology: very dark gray (5Y 3/1) fissile shale, finely laminated and
/® foraminifer-rich. Sand lamination with shight 1o moderate fluorescence under
TN ultraviclet light.
S 5 <: SMEAR SLIDE SUMMARY (%)
= S5 < b 1,102
8 & :
° <__l\'f TEXTURE:
= = N
—] Silt 25
1:1.!J <_ Clay 75
g E ‘< COMPOSITION:
= m
14} Quartz 20
- 7 Clay 70
c N Calcite/doiomite 5
o Accessory minerals 5
w|-= vd
z| N
o|Z|S]o P =
LR AR AR \E
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