3. SITE 658!

Shipboard Scientific Party?

HOLE 658A

Date occupied: 4 March 1986, 1515 UTC

Date departed: 7 March 1986, 0231 UTC

Time on hole: 59.25 hr

Position: 20°44.95'N, 18°34.85'W

Water depth (sea level; corrected m, echo-sounding): 2262.8
Water depth (rig floor; corrected m, echo-sounding): 2273.3
Bottom felt (rig floor; m, drill pipe measurement): 2274.1
Distance between rig floor and sea level (m): 10.5

Total depth (rig floor, m): 2575.5

Penetration (m): 300.4

Number of cores (including cores with no recovery): 33
Total length of cored section (m): 300.4

Total core recovered (m): 295

Core recovery (%): 98.2

Oldest sediment cored:
Depth (mbsf): 300
Nature: clayey calcareous nannofossil ooze
Age: early Pliocene, NN14/15, ~3.5-3.8 Ma

HOLE 658B

Date occupied: 7 March 1986, 0244 UTC
Date departed: 8 March 1986, 0045 UTC

1 Ruddiman, W., Sarnthein, M., Baldauf, 1., et al., 1988. Proc., Init. Repis.
(Pt. A), ODP, 108.

2 William Ruddiman (Co-Chief Scientist), Lamont-Doherty Geological Ob-
servatory, Palisades, NY 10964; Michael Sarnthein (Co-Chief Scientist), Geolo-
gisch-Paldontologisches Institut, Universitdt Kiel, Olshausenstrasse 40, D-2300
Kiel, Federal Republic of Germany; Jack Baldauf, ODP Staff Scientist, Ocean
Drilling Program, Texas A&M University, College Station, TX 77843; Jan Back-
man, Department of Geology, University of Stockholm, S-106 91 Stockholm,
Sweden; Jan Bloemendal, Graduate School of Oceanography, University of Rhode
Island, Narragansett, RI 02882-1197; William Curry, Woods Hole Oceanographic
Institution, Woods Hole, MA 02543; Paul Farrimond, School of Chemistry, Uni-
versity of Bristol, Cantocks Close, Bristol BS8 1TS, United Kingdom; Jean Claude
Faugeres, Laboratoire de Géologie-Océanographie, Université de Bordeaux I, Ave-
nue des Facultés Talence 33405, France; Thomas Janacek, Lamont-Doherty Geo-
logical Observatory, Palisades, NY 10964; Yuzo Katsura, Institute of Geosciences,
University of Tsukuba, Ibaraki 305, Japan; Hélene Manivit, Laboratoire de Stra-
tigraphie des Continents et Océans, (UA 319) Université Paris V1, 4 Place Jussieu,
75230 Paris Cedex, France; James Mazzullo, Department of Geology, Texas A&M
University, College Station, TX 77843; Jiirgen Mienert, Geologisch-Palidontolo-
gisches Institut, Universitét Kiel, Olshausenstrasse 40, D-2300 Kiel, Federal Re-
public of Germany, and Woods Hole Oceanographic Institution, Woods Hole,
MA 02543; Edward Pokras, Lamont-Doherty Geological Observatory, Palisades,
NY 10964; Maureen Raymo, Lamont-Doherty Geological Observatory, Palisades,
NY 10964; Peter Schultheiss, Institute of Oceanographic Sciences, Brook Road,
Wormley, Godalming, Surrey GU8 5UG, United Kingdom; Riidiger Stein, Geolo-
gisch-Paldontologisches Institut, Universitit Giessen, Senckenbergstrasse 3, 6300
Giessen, Federal Republic of Germany; Lisa Tauxe, Scripps Institution of Ocean-
ography, La Jolla, CA 92093; Jean-Pierre Valet, Centre des Faibles Radioactivités,
CNRS, Avenue de la Terrasse, 91190 Gif-sur-Yvette, France; Philip Weaver, Insti-
tute of Oceanographic Sciences, Brook Road, Wormley, Godalming, Surrey GUS
5UG, United Kingdom; Hisato Yasuda, Department of Geology, Kochi University,
Kochi 780, Japan.

Time on hole: 22 hr

Position: 20°44.95'N, 18°34.85'W

Water depth (sea level; corrected m, echo-sounding): 2262.8
Water depth (rig floor; corrected m, echo-sounding): 2273.3
Bottom felt (rig floor; m, drill pipe measurement): 2274.7
Distance between rig floor and sea level (m): 10.5

Total depth (rig floor, m): 2438.5

Penetration (m): 163.8

Number of cores (including cores with no recovery): 18
Total length of cored section (m): 163.8

Total core recovered (m): 175.83

Core recovery (%): 107.35

Oldest sediment cored:
Depth (mbsf): 163.8
Nature: clayey siliceous ooze
Age: late Pliocene, NN17, ~2.4 Ma

HOLE 658C

Date occupied: 8 March 1986, 0045 UTC

Date departed: 8 March 1986, 1600 UTC

Time on hole: 15.75 hr

Position: 20°44.95'N, 18°34.85'W

Water depth (sea level; corrected m, echo-sounding): 2262.8
Water depth (rig floor; corrected m, echo-sounding): 2273.3
Bottom felt (rig floor; m, drill pipe measurement): 2273.4
Distance between rig floor and sea level (m): 10.5

Total depth (rig floor, m): 2346.3

Penetration (m): 72.9

Number of cores (including cores with no recovery): 8
Total length of cored section (m): 72.9

Total core recovered (m): 70.3

Core recovery (%): 96.4

Oldest sediment cored:
Depth (mbsf): 70.3
Nature: nannofossil ooze
Age: NNI19 top, ~0.5 Ma

Principal results: Site 658 is located at 20°44.,95'N, 18°34.85'W, on the
continental slope 160 km west of Cap Blanc at 2263.6 m water depth.
For the first time in the history of the Deep Sea Drilling Project/
Ocean Drilling Program, Site 658 cored hemipelagic sediments lying
directly underneath one of the major nearshore cells of permanent
oceanic upwelling in the world ocean. These sediments also are de-
posited in the central region of the dust supply from northern trade
winds that control upwelling intensity. The site was drilled into a
largely undisturbed pillow-shaped seismic sediment section near the
outer margin of a protruding terrace on the slope—a position that
should restrict lateral sediment input from near-bottom downslope
transport.

From Holes 658A, 658B, and 658C we recovered a total of 44 ad-
vanced piston cores (APC) to depths of 157.9 meters below seafloor
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SITE 658

(mbsf) (Hole 658A), 163.8 mbsf (Hole 658B), and 72.9 mbsf (Hole
658C) and 15 extended-core-barrel (XCB) cores from Hole 658A to a
total penetration depth of 300.4 mbsf. The eight cores from Hole
658C were reserved for special organo-chemical analyses. Drilling re-
sults are summarized in a stratigraphic section (Fig. 1).

The upper Pliocene-Holocene sediment section at Site 658 com-
prises three major hemipelagic lithologic units, the upper of which is
divided into two subunits. All units have good paleomagnetic and
biostratigraphic time control despite increased carbonate dissolution
in Unit I1. Parastratigraphic curves from magnetic-susceptibility data
enabled us to establish a detailed composite-depth section for Holes
658A and 658B down to 90 mbsf. These curves promise further
downhole correlations in the future, despite numerous artificial voids
in the core recovery because of extensive degassing in the core liners.

Unir I, 0-91.2 mbsf. Pleistocene (lowermost Brunhes) to Holo-
cene. Dark olive gray to gray nannofossil ooze with minor amounts
of quartz silt, foraminifers, and siliceous microfossils. Cyclic varia-
tions of measured carbonate content (28%-69%) and of organic
carbon (up to 2.3%). Sedimentation rates are exceedingly high at
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Figure 1. Summary of the stratigraphic section at Site 658. Presentation
of CaCOj cycles is schematic and based on widely spaced shipboard
laboratory analyses. C = > 1.0% organic carbon.
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147 m/m.y. Subunit [A (0-34.2 mbsf) is nannofossil ooze with mi-
nor amounts of quartz silt and foraminifers; Subunit IB (34.2-91.2
mbsf) is nannofossil ooze grading into diatom nannofossil ooze and
nannofossil diatom ooze. A major hiatus with a duration of 0.8 m.y.
forms the base of Unit I.

Unit II. 91.2-233.9 mbsf. Upper Pliocene to lower Pleistocene.
Cyclic nannofossil ooze interbedded with mixtures of calcareous, si-
liceous, and siliciclastic sediments, olive to olive gray. High content
of opaline matter according to bulk-grain-density data and up to
3.3% organic carbon. From 19% to 50% carbonate. Bulk-sedimen-
tation rate is 72 m/m.y. in the upper part, 108 m/m.y. in the lower
part of Unit II.

Unit I11. 233.9-300.4 mbsf. Lower to upper Pliocene. Nannofos-
sil and nannofossil-bearing mud and nannofossil ooze with only mi-
nor amounts of siliceous biogenic debris and up to 3% organic car-
bon. Cyclic variations from gray to dark gray parallel fluctuations of
carbonate content (10%-45%). Bulk-sedimentation rate is 112 m/
m.y.

The major hiatus at the base of the Brunhes chron can be related
to two adjoining slump-style, pinch-out structures on the seismic re-
cord near the site. The resulting mass flow is similar in composition
and age to slump deposits occurring at companion Site 657 on the
continental rise. Below the hiatus, two independent quantitative esti-
mates suggest a correlation of lithologic Unit II with a bowl-shaped,
almost transparent seismic section, assuming sound velocities near
900-950 m/s, which would indicate free gas in the sediment. This as-
sumption agrees with the high content of biogenic gas in the sedi-
ment cores, particularly below 90 mbsf, and is probably the result of
a high content of organic carbon, with the methane/ethane ratio in-
creasing downcore from 5000 to 6000 at 60 mbsf and to 1250 at 300
mbsf,

Overall, coring at Site 658 was highly successful. The ongoing
hemipelagic depositional environment during the last 3.5 m.y., com-
bined with high sedimentation rates, provided an excellent record of
the history of the Cap Blanc upwelling cell. After 0.7 Ma, its pro-
ductivity fluctuated in (approximately) 100 k.y. cycles, as shown by
variations in carbon content and in the content of biogenic silica, es-
pecially diatoms. Both variables were particularly abundant prior to
1.5 Ma. However, only estimates of mass accumulation rates for de-
tailed sediment intervals can provide insights into the actual varia-
tions of upwelling productivity. In addition, the low-temperature re-
gime of the upwelling cell may account for unusual first- and last-
occurrence datums of some planktonic species similar at times to
those found in transitional and higher latitudes of the Atlantic. Fi-
nally, the varying nearshore input of wind-borne (and possibly river-
borne) terrigenous matter is reflected in the quartzose silt and mud
fraction, which was most abundant prior to 3.0 Ma and less fre-
quent from 3.0 to 1.5 Ma. Detection of the actual trade-wind signal
in this fraction will require detailed laboratory work.

BACKGROUND AND SCIENTIFIC OBJECTIVES

Introduction

The scientific objectives for Site 658 (20°44.95'N, 18°34.85'W)
are closely related to those for companion Site 657 and have al-
ready been explained in great detail elsewhere (see Site 657 chap-
ter, this volume). Site 658 was drilled on the continental slope at
the outer margin of a terrace approximately 163 km (90 nmi)
west of Cap Blanc, at 2263.6 m water depth (Fig. 2). A major
40-m-high escarpment of a geologically recent sediment slide
lies 6-7 km downslope from the position of the site (Figs. 3 and
4) and can be traced on seismic records more than 35 km from
north northwest to south southeast. The angle of the slope at
the site is 150 m for a 4500-m distance (equal to 3.5% or 1.75°).

For the first time in DSDP/ODP history, Site 658 cored sedi-
ments that lie directly underneath a highly productive cell of
permanent oceanic upwelling. This upwelling cell offshore from
Cap Blanc (Fig. 5) is one of the four major upwelling zones of
the world ocean attached to an eastern (passive) continental
margin (Schemainda et al., 1975; Tomczak and Hughes, 1980).
Hence, the site position provides an ideal opportunity for the
following investigations:
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Figure 2. Location map of Sites 658 and 657. Bathymetric values in me-
ters.

SITE 658

1. To monitor the history of the upwelling cell in a fairly
continuous, high-resolution hemipelagic sediment record and to
compare it with the “non-upwelling” sediment record of neigh-
boring Sites 657 and 659 through late Neogene and Quaternary
time (see Fig. 3, Site 657 chapter, this volume; Site 659 chapter,
this volume).

2. To analyze the accumulation rates of organic carbon and
biogenic opal as a measure of oceanic productivity in a key re-
gion (Thiede et al., 1982) and to estimate their influence on the
atmospheric CO, balance and climatic change through time.

3. To study in detail the early diagenesis of organic com-
pounds in the sediment.

4. To characterize the unusual physical and magnetic prop-
erties of a thick sediment body anomalously rich in organic car-
bon.

5. To investigate the evolution of cold-water organisms
within an almost isolated and highly fertile water mass in low
latitudes (Thiede, 1975; Cifelli and Stern-Bernier, 1977).

6. To trace back through time the sources of the upwelled
water as a signal of intermediate-water paleoceanography (Co-
dispoti and Friederich, 1978).

7. To study eolo-marine dust deposits as a clear signal of the
fluctuating trade-wind regime, which in turn controls the inten-
sity of oceanic upwelling (Sarnthein et al., 1982) (see Fig. 3, Site
657 chapter, this volume).

8. To apply spectral analysis to the time series of various pa-
leoceanographic and climatic proxy data related to upwelling.

21°N

19°W

Figure 3. Seismic track lines near Site 658.
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Figure 4. Seismic reflection records near Site 658. All times are Universal Time Coordinated, UTC, formerly Greenwich Mean Time, GMT. A. Meteor
25 cruise line, 8 December 1971. B. Vema cruise line, 3014. C. GEOTROPEX '85 cruise line MAU-6, B-C. D. JOIDES Resolution cruise line on site
approach 4 March 1986 (close-up). E. 3.5-Hz echogram from Mereor 65-129, 25 km northwest of Site 658 (close-up).

Geologic and Topographic Setting

The position of Site 658 was selected on the basis of unpub-
lished Meteor and Vema cruise records (Figs. 3, 4A, and 4B)
and lies on unpublished GEOTROPEX'85 and JOIDES Resolu-
tion air-gun and water-gun seismic records (Figs. 4C and 4D).
The JOIDES Resolution records were obtained while approach-
ing the site. Here, a 300-m-thick, almost undisturbed hemipe-
lagic, pillow-shaped sediment section promised an optimum pa-
leoceanographic record with detailed time resolution. The posi-
tion of the site at a protrusion of the continental slope between
two major canyon systems also promised minimum disturbance
of the hemipelagic sediment record by lateral downslope trans-
port of shallow-water sediments.

A distinct, widely spaced double reflector is observed on the
well-layered seismic record with its base at 0.20-s two-way travel-
time on top of a slight disconformity overlying offlap struc-
tures. Conformable narrowly spaced reflectors occur at approx-
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imately 0.20 and 0.23 s. Below 0.35 s, a section with three widely
spaced reflectors and transparent zones in between may indicate
three levels of slumped sediment or, again, a number of very
narrowly spaced fine reflectors lost in the record. Multiple un-
disturbed reflectors down to 80 m in the 3.5-kHz echogram sig-
nify a long-term continuous (hemi-)pelagic sedimentation re-
gime (Fig. 4E).

OPERATIONS

From Site 657, we steamed 12 hr east to Site 658 (target Site
MAU-6A), the survey area of Vema cruise 30-05, Meteor cruises
25/1971 and 65/1983, and Polarstern cruise ANT IV/1b (GEO-
TROPEX’85) on 10 October 1985, 2000 UTC. (All times are
expressed as UTC, Universal Time Coordinated, formerly ex-
pressed as GMT, Greenwich Mean Time.)

On 4 March 1986, 0000-0300, we obtained an additional
pre-site survey line running upslope at 5 kt from Point 1 to Point
2 across the proposed site (Fig. 3; Table 1) to keep the site away
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Figure 4 (continued).

from a 40-m-high escarpment 7 km farther west. The survey de-
ployed 80-in.? water-guns, a 3.5-kHz sub-bottom profiler, and a
magnetometer. After the ship turned via Points 2 and 3, a bea-
con was dropped at 0300 at the proposed site position on the
JOIDES Resolution seismic line. The survey gear was retrieved
until 0330, when the ship stopped and drill string was run into
the hole. We tried to establish the mud line from 0800 to 1100
but obtained only two “water cores.” In fact, we were 2 nmi
south of our intended position because we had no satellites be-
tween 0100 and 0730 and because of strong northerly trade winds
blowing when the beacon was dropped. Accordingly, we had to
reposition the ship 2 nmi farther north from 1130 to 1515 and to
deploy a second beacon at 1508.

After stopping the ship over the beacon, we began coring
and brought the first APC core on deck at 1710 on 4 March.
The mud line (water depth) in Hole 658 was established by drill
pipe at 2263.6 m. Coring continued uneventfully for 10 cores
(Table 2). Farther down, high methane-gas pressure resulted in
unusually high core recovery with core separation creating voids
as well as blowing the core out on the catwalk. In some cases
methane peaks were too high to measure accurately. Methane/
ethane ratios remained between 5000 and 1200. We changed to
XCB coring at 0758 on 5 March and continued coring in Hole
658A until Core 108-658A-33 was brought on deck from 300.4
mbsf at 1310 on 6 March. This was the greatest penetration
depth that conditions permitted. From 1315 to 1500 hr, the aban-
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Figure 5. Nearshore oceanic upwelling along the eastern Atlantic conti-
nental margin as depicted by mean differences of sea-surface tempera-
tures between nearshore areas off Africa and the non-upwelling mid-At-
lantic at the same latitude. Values shown are average seasonal differ-
ences for the years 1969 to 1976 (after Speth et al., 1978).

Table 1. Position of site-
survey turning points.

Point
no. Location

1 20°41.43'N, 18°41.3'W
2 20°46'N, 18°43'W
3 20°43.5'N, 18°34.52'W

doned hole was plugged with cement. A new free-fall reentry
cone was tested successfully and observed with an underwater
television camera before clearing the mud line of Hole 658A at
0115 on 7 March. A 30-m offset to Hole 658B was finished at
0215.

The first core of Hole 658B was on deck at 0630 on 7 March,
and coring continued successfully for 18 APC cores until 2200,
when the corer penetrated only 0.2 m because of stiff mud. High
methane-gas pressure posed much less of a problem with core
preservation in Hole 658B than in Hole 658A. We prepared to
abandon Hole 658B with a cement plug from 2230 to 2400,
cleared the mud line, and finished a 15-m offset to Hole 658C at
0045 on 8 March.

The first of eight APC cores from Hole 658C came on deck
at 0333, and the last core was on deck at 1015 on 8 March. All
eight cores from this hole were reserved for special organo-
chemical studies. Accordingly, the recovered sections were not
opened but were stored away as closed sections 75 ¢cm long in
our freezer storage space. We began tripping out of the hole at
1015, brought the drill pipe on deck, and headed southwest to
Site 659 at 1600 on 8 March.

Strong disturbance during core recovery by high methane-
gas pressure at Site 658 caused us special concern in connection
with ODP conventions for recording sample depths, as numer-
ous artificial gaps were created during the core recovery. We rec-
ommend a general reconsideration of these rules. For an ade-
quate evaluation of our site data, we systematically entered all
voids on the computer and shifted all sediment blocks upward
to close the gaps within cores. As a result, the actual core recov-
ery of most “expanded” cores was reduced to approximately
100%.
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Table 2. Site 658 coring summary (drilling depths).

Length Length

Core Darte Time Depths cored recovered  Recovery

no. (March 1986) (UTC) (mbsf) (m) (m) (%o )
108-658A-1H 4 1710 0-5.7 5.7 5.7 99.8
108-658A-2H 4 1824 5.7-15.2 9.5 0.0 0.0
108-658A-3H 4 1912 15.2-24.7 9.5 8.8 92.5
108-658A-4H 4 1954 24.7-34.2 9.5 9.1 95.3
108-658A-5H 4 2034 34.2-437 9.5 9.8 103.0
108-658A-6H 4 2117 43.7-53.2 9.5 9.8 103.0
108-658A-TH 4 2158 53.2-62.7 9.5 6.6 69.6
108-658A-8H 4 2242 62.7-72.2 9.5 8.8 92.9
108-658A-9H 5 2337 72.2-81.7 9.5 9.3 98.0
108-658A-10H ) 0033 81.7-91.2 9.5 8.6 90.0
108-658A-11H 5 0125 91.2-100.7 9.5 10.9 114.8
108-658A-12H 5 0218 100.7-110.2 9.5 11.2 117.6
108-658A-13H 5 0312 110.2-119.7 9.5 11.2 117.7
108-658A-14H 5 0406 119.7-129.2 9.5 1.7 123.1
108-658A-15H 5 0451 129.2-138.7 9.5 11.2 118.1
108-658A-16H 5 0553 138.7-148.2 9.5 10.0 105.2
108-658A-1TH 5 0657 148.2-157.7 9.5 8.5 89.5
108-658A-18H 5 0758 157.7-157.9 0.2 0.2 100.0
108-658A-19X 5 1158 157.9-167.4 9.5 11.5 120.9
108-658A-20X 5 1319 167.4-176.9 9.5 15.1 159.3
108-658A-21X 5 1434 176.9-186.4 9.5 11.7 122.8
108-658A-22X 5 1615 186.4-195.9 9.5 10.8 114.1
108-658A-23X 5 1810 195.9-205.4 9.5 1.7 123.5
108-658A-24X 5 1933 205.4-214.9 9.5 10.7 112.5
108-658A-25X 5 2105 214.9-224.4 9.5 9.9 104.0
108-658A-26X 5 2237 224.4-233.9 9.5 12.3 129.7
108-658A-27X 5 0037 233.9-243.4 9.5 9.7 102.0
108-658A-28X 6 0239 243.4-252.9 9.5 10.2 107.2
108-658A-29X 6 0502 252.9-262.4 9.5 10.1 106.6
108-638A-30X 6 0715 262.4-271.9 9.5 B.1 85.2
108-658A-31X 6 0908 271.9-281.4 9.5 4.2 44.1
108-658A-32X 6 1125 281.4-290.9 9.5 1.3 13.7
108-658A-33X 6 1210 290,9-300.4 9.5 6.4 67.5
108-658B-1H 7 0630 0-2.3 2.3 2.3 98.7
108-658B-2H 7 0740 2.3-11.8 9.5 9.7 102.0
108-658B-3H 7 0840 11.8-21.3 9.5 9.8 103.0
108-658B-4H 7 0930 21.3-30.8 9.5 9.4 99.3
108-658B-5H 7 1015 30.8-40.3 9.5 9.8 103.0
108-658B-6H 7 1100 40.3-49.8 9.5 10.1 105.8
108-658B-TH 7 1135 49.8-59.3 9.5 10.1 106.2
108-658B-8H 7 1255 59.3-68.8 9.5 10.0 105.2
108-658B-9H 7 1331 68.8-78.3 9.5 10.3 108.6
108-658B-10H 7 1408 78.3-87.8 9.5 11.5 121.1
108-658B-11H 7 1448 87.8-97.3 9.5 9.5 103.0
108-658B-12H 7 1545 97.3-106.8 9.5 1.9 125.3
108-658B-13H 7 1620 106.8-116.3 9.5 10.1 106.6
108-658B-14H 7 1716 116.3-125.8 9.5 10.1 106.1
108-658B-15H 7 1830 125.8-135.3 9.5 10.8 113.3
108-658B-16H 7 1926 135.3-144.8 9.5 9.4 98.6
108-658B-1TH 7 2107 144 8-154.3 9.5 9.4 98.5
108-658B-18H 7 2215 154.3-163.8 9.5 11.8 123.7
108-658C-1H 8 0333 0-6.4 6.4 6.4 99.4
108-658C-2H B 0425 6.4-15.9 9.5 8.6 90.9
108-658C-3H B 0515 15.9-25.4 9.5 9.3 97.8
108-658C-4H 8 0600 25.4-34.9 9.5 9.0 94.9
108-658C-5H B 0655 349-444 9.5 9.2 91.2
108-658C-6H B 0815 44.4-539 9.5 9.5 99.8
108-658C-TH 8 915 53.9-63.4 9.5 9.0 95.1
108-658C-8H 8 1015 63.4-72.9 9.5 9.3 98.0

H = hydraulic piston. X = extended core barrel. UTC = Universal Time Coordinated.

LITHOSTRATIGRAPHY AND SEDIMENTOLOGY

Introduction

Three major sedimentary units are recognized at Site 658
(Figs. 6 and 7). Unit I is composed of nannofossil ooze and mi-
nor beds of diatom ooze and ranges in age from middle Pleisto-
cene through Holocene. Unit II is composed of interbedded
nannofossil ooze, silt and/or clay, and mixtures of calcareous,
siliceous, and siliciclastic grains and is late Pliocene through
middle Pleistocene in age. Unit III is composed of nannofossil
and nannofossil-bearing mud and nannofossil ooze and ranges
in age from early to late Pliocene.

The sediments within these three units are commonly biotur-
bated, relatively rich in organic matter (from 0.5% to 3.2% to-
tal organic carbon [TOC]), and very gaseous below approxi-
mately 90 mbsf. The high gas content caused expansion of the
core within the core liner and thus created artificial voids within
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Figure 6. Summary of lithologies of sediments encountered at Site 658A.
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Explanation

Calcareous ooze
Foraminifer -nannofossil ooze (5Y 6/2)
Siliceous -, clay-, silt-, mud- or foraminifer-
bearing nannofossil ooze (5Y 5/1, 5/2)

Mixed sediments (S5Y 5/3, 4/2)

A. Clay-, silt-, or mud-bearing siliceous
nannofossil ooze

B. Clayey, silty, or muddy siliceous
nannofossil ooze

or
Siliceous -bearing, clayey, silty, or

muddy siliceous ooze

C. Nannofossil -bearing, clayey, silty. or
muddy siliceous ooze

Siliceous ooze (5Y 4/3)
Clay-, silt-, mud-, or nannofossil-
bearing diatom ooze
or
Nannofossil diatom ooze

Siliciclastic sediment (5Y 4/2, 3/2, 3/1)
Siliceous -bearing nannofossil clay, silt, or mud

or
Siliceous- or nannofossil-bearing clay, silt or mud

>90%
50-90%
25-50%
>10-25%

0-10%

NR = no recaovery
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Explanation
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Figure 7. Summary of lithologies of sediments encountered at Site 658B.

each core. The sediments within the three units are also charac-
terized by apparent cyclic variations in color and/or carbonate
content, which are presumably the products of variations in the
content of minor or major pelagic and terrigenous grain com-
ponents. Each sedimentary unit is described in detail in the fol-
lowing sections.

Unit 1

Cores 108-658A-1H through -658A-10H; depth, 0-91.2 mbsf; thick-
ness, 91.2 m; age, middle Pleistocene (< 0.6 Ma) through Holo-
cene.

Cores 108-658B-1H through -658B-10H; depth, 0-87.8 mbsf; thick-
ness, 87.8 m; age, middle Pleistocene (< 0.6 Ma) through Holo-
cene.

Unit I is composed of nannofossil ooze with variable but mi-
nor amounts of quartz silt, foraminifers, diatoms, radiolarians,
and sponge spicules (Figs. 6, 7, and 8) and has a measured car-
bonate content between 28% and 69% (Fig. 9). In this unit,
quartz- and feldspar-rich intervals, which are carbonate poor,
alternate with intervals of the opposite composition (Fig. 9).
The unit has a slight to moderate density of preserved bioturba-
tion traces, but a high density of preserved bioturbation traces
is found in Cores 108-658A-3H and -658B-3H. Unit I also has
been slightly to moderately disturbed by drilling.

Unit I can be divided into two subunits:

Hole 658A Hole 658B
Subunit TA 0-34.2 mbsf 0-30.8 mbsf
Subunit IB 34.2-91.2 mbsf  30.8-87.8 mbsf
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Subunit 1A is composed of nannofossil ooze that contains
minor amounts of quartz and feldspar silt, foraminifers, and si-
liceous biogenic debris. The sediment varies cyclically in mea-
sured carbonate content (35% to 53%; Fig. 9) and in color (be-
tween dark olive gray, olive, gray, and light olive gray). The sedi-
ment has a slight to moderate density of preserved bioturbation
traces.

Subunit IB is composed of nannofossil ooze and lesser amounts
of diatom ooze, diatom nannofossil ooze, and nannofossil dia-
tom ooze. The subunit varies cyclically in measured carbonate
content (28% to 69%) and gradually increases in average car-
bonate content toward its base. The nannofossil ooze within
Subunit IB contains minor amounts of quartz silt, foraminifers,
and diatoms, and varies cyclically from grays and olive grays to
greenish grays. This sediment has a moderate density of pre-
served bioturbation traces, and the larger burrows are com-
monly filled with foraminifer-rich ooze. The diatomaceous
oozes contain minor amounts of silt, foraminifers, radiolarians,
and sponge spicules. These sediments are generally olive in
color, and have a slight to moderate density of preserved biotur-
bation traces.

Unit 1T

Cores 108-658A-11H through -658A-26X; depth, 91.2-233.9 mbsf;
thickness, 142.7 m; age, late Pliocene.

Cores 108-658B-11H through -658-18H; depth, 87.8-163.8 mbsf;
thickness, 76.0 m; age, late Pliocene.

Unit 11 is composed of interbedded nannofossil ooze, mixed
sediment, and siliciclastic sediment (Figs. 6, 7, and 8) and is
separated from the overlying Unit I by an unconformity that



Core-section Q Fsp ‘a',:‘ﬂ Age
108-658A-1H-1 o < @
108-658A-1H-2 00000 |00 & @ @
108-658A-1H-3 (X X} L X ] =] @ ® =
108-658A-1H-4 00 L ] -
108-658A-3H-1 ® [ ] §
108-658A-3H-3 ® [ ] a
108-658A-3H-4 [ X X ] [ ®
108-658A-3H-5 0000 |00 L ] ® e
108-658A-3H-6 [ X X ] & ® S
108-658A-7H-1 'YX ) ™ ® ® @
108-658A-TH-2 (XX @ @ ® @ P
108-658A-7TH-3 o [ ] -
108-658A-TH-4 @ [ ] -
108-658A-10H-1 | @ ® 5
108-658A-10H-2 [ ] [ ] 8
108-658A-10H-3 o0 @ [ ] 7]
108-658A-10H-4 [ X ¥ J ® @ @
108-658A-10H-5 & [ ]
108-658A-10H-6 & [
108-658A-13H-1 @ & ®
108-658A-13H-2 L X J @ 2
108-658A-13H-3 eo00 @ [ ]
108-658A-13H-4 [ X X [ X J & (X J
108-658A-13H-5 L X @
108-658A-13H-6 [ X ] © ®
108-658A-13H-7 ®0 @ ® @
108-658A-17H-1 L X ] ® @
108-658A-17H-2 L X X J ® @
108-658A-17H-3 L X ] @ @
108-658A-17H-4 200 [ ] ®
108-658A-17H-5 L X ) ® ®
108 -658A-17H-6 [ X X J L X ] @ ( X ]
108-658A-23% -1 o000 @ =
108-658A-23%X-2 & S =
108-658A-23X-3 | @ 5 ,,
108-658A-23%-4 [ X ) 5
108-658A-23X-5 ® -]
108-658A-23X -6 ® T
108-658A-23X-7 ® ® o
108-658A-23X-8 =] ®
108-658A-26X-1 o0 ® [ X ]
108 -658A-26X-2 ® @
108-658A-26X%-3 =) @ ®
108-658A-26X -4 e @ ®
108-658A-26X-5 X X ] L] &
108-658A-26X -6 [ X ] & [ X ]
108-658A-26X-7 o0 ® ®
108-658A-26X-8 | @@ @®® ® @ L&
108-658A-26X-9 'YX Y @ ®
108-658A-29X -2 (T X X ) @ L X
108-658A-29%-3 o000 (=) ®
108-658A-29X%-4 [ X ] e @
108-658A-29% -5 [ X X [ X J [ L X ]
108-658A-29X%-6 o0 ®
108-658A-29X -7 (X X © [ ] [ X J
108-658A-29X -8 'YX ® ® =
108-658A-31X-1 L X ® L X J =
108-658A-31X-2 [ X ) ® & £ @
108-658A-31X-3 [ X ] & [ X zc
108-6584-32X-1 | @ ® 2 @ ° 2
108-658A-33X-1 [ X ] @ ®

SITE 658

Figure 8. Summary of X-ray-diffraction data of bulk-sediment samples at Site 658A (qualitative estimates). Q = quartz, Fsp
= feldspar, K = kaolinite, M = montmorillonite, and I = illite; # = hydraulic piston, X = extended core barrel.
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Figure 9. Carbonate content of sediment encountered at Site 658A.

represents a period of >0.6 to 1.5 m.y. Unit II is characterized
by cyclic variations in carbonate content ranging from 19% to
50% and is distinguished from the overlying Unit I by its lower
average carbonate content (Fig. 9), its higher average TOC con-
tent (see “Organic Geochemistry” section, this chapter), and its
higher content of siliceous biogenic debris and mud. Unit II has
a slight to moderate density of preserved bioturbation traces
and generally has been slightly disturbed by drilling.

Nannofossil ooze is the most common sediment type in Unit
II. It contains variable but minor amounts of quartz silt, clay,
foraminifers, spicules, diatoms, and radiolarians. This sediment
varies cyclically from olive gray to olive and has a slight to mod-
erate density of preserved bioturbation traces.

Mixed sediment is the second most common sediment type
in Unit I1. This sediment type contains major to minor amounts
of calcareous biogenic debris (nannofossils and, less commonly,
foraminifers), siliceous biogenic debris (diatoms, sponge spic-
ules, and, less commonly, radiolarians), and quartz silt and/or
clay (mud). It is generally olive to olive gray and has a slight to
moderate density of preserved bioturbation traces.

Siliciclastic sediment is the least common sediment type in
Unit II. It is present in major (greater than 50%) amounts only
in Cores 108-658A-19H and 108-658B-14H. This sediment is
composed of quartz silt and/or clay (mud) and contains varia-
ble but minor amounts of foraminifers, nannofossils, sponge
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spicules, radiolarians, and diatoms. It is generally olive to olive
gray and has a slight density of preserved bioturbation traces.

Unit III

Cores 108-658A-27X through -658A-33X; depth, 233.9-300.4 mbsf;
thickness, 66.5 m; age, early to late Pliocene.

Unit 111 is composed of nannofossil and nannofossil-bearing
silt, clay, or mud, and nannofossil ooze (Figs. 6, 7, and 8). It is
characterized by cyclic variations in measured carbonate con-
tent (10%-45%) and is distinguished from the overlying Unit II
by its lower average carbonate content (Fig. 9). Unit III has a
slight to moderate density of preserved bioturbation traces and
generally has been moderately to greatly disturbed by drilling.

The nannofossil to nannofossil-bearing silt, clay, or mud is
generally gray, olive gray, dark gray, or very dark gray. This sedi-
ment rarely (in Core 108-658A-30X) contains minor amounts of
siliceous biogenic debris (diatoms and sponge spicules), and the
silt-sized clasts are composed of quartz, accessory minerals, and
(less commonly) feldspar. The nannofossil ooze contains minor
amounts of diatoms, silt, and clay and is generally olive gray to
dark gray.

Depositional Environment

The three sedimentary units that were recovered at Site 658
record a hemipelagic depositional environment during the Plio-
cene, Pleistocene, and Holocene epochs. This depositional envi-
ronment was characterized by high organic productivity, the ap-
parent product of the upwelling of nutrient-rich waters and the
influx of fine-grained siliciclastic sediment through eolian, flu-
vial, and marine processes. The small-scale cyclic variations in
color and carbonate content observed in the three sedimentary
units are probably the products of short-term fluctuations in cli-
mate. Lastly, the unconformity that separates Units I and II
may be the product of the erosion of lower Quaternary sediment
by mass-flow processes (e.g., slumps). This latter hypothesis is
based upon (1) the relatively high slope of the site (1.7°), which
is conducive to mass flow, and (2) the occurrences of slump de-
posits at Site 657 similar in age and composition to the missing
section at Site 658.

BIOSTRATIGRAPHY

Site 658 lies in a water depth of 2263.6 m. Three holes were
cored at this site underneath the highly productive waters up-
welling offshore from Cap Blanc. Hole 658A was cored to a
depth of 300.4 mbsf, Hole 658B to a depth of 163.8 mbsf, and
Hole 658C to a depth of 72.9 mbsf. Sediments range in age
from early Pliocene through Holocene and consist of nannofos-
sil ooze and muddy siliceous nannofossil ooze, both of which
are rich in organic carbon. Figures 10 through 12 show the age
and zonal assignments of those cores recovered at Site 658.

Although this site is located at latitude 20°N, the microfossil
assemblages observed are atypical—more similar in composi-
tion to those described from the middle and high latitudes of
the North Atlantic (e.g., DSDP Sites 552A, 609, and 610). Be-
cause of the sporadic occurrence of low-latitude diatom marker
species, low-latitude diatom zonation was abandoned in favor
of zonations applicable for the middle latitudes.

Preservation of all microfossil groups varied, but extensive
dissolution of both calcium carbonate and biogenic silica oc-
curred in the lower parts of Holes 658A and 658B.

Calcareous Nannofossils

Site 658 was cored to directly below the lower/upper Plio-
cene boundary. The Pleistocene sequence above the extinction
level of Pseudoemiliania lacunosa contains well-preserved cal-
careous nannofossil assemblages. Farther downhole, the lower
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Figure 10. Zonal assignments for cores recovered from Hole 658A.

Pleistocene and Pliocene assemblages become progressively more
dissolved, and the deepest cores show severely dissolved and tax-
onomically impoverished placolith assemblages. Site 658 was
drilled in an area of intense upwelling coupled with high pro-
ductivity; therefore, sediments differ from most other open-
ocean oozes in that they are enriched with organic carbon and
biogenic opal. The depositional environment also was character-

ized by a high input of terrigenous material. These two factors
and their diagenetic consequences are probably major causes for
the calcium carbonate dissolution that has occurred, rather than
the water depth of 2263.6 m.

The Pliocene discoasters show exceptionally low relative abun-
dances in Hole 658A, considering the tropical position of Site
658 (20°N) and the warm-water preference of discoasters through-
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Figure 12. Zonal assignments for cores recovered from Hole 658C.
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Figure 11. Zonal assignments for cores recovered from Hole 658B.
out the Tertiary. A conservative estimate suggests that discoas-
ters hardly contribute more than 1% of the total assemblage in
any discoaster-bearing sample. Such a low figure is typical for
Calcareous . 3
%) nannofossils the northernmost North Atlantic (e.g., the Pliocene of DSDP
© Epoch Site 552A at 56°N), rather than for tropical areas. Post-deposi-
2 Age tional dissolution can be ruled out as the cause of the low disco-
(Ma) Zone aster abundances because discoasters represent one of the least
0 dissolution-susceptible calcareous nannofossil genera. Hence,
1 the reduced abundances were probably controlled by the spe-
Fl cific paleoenvironmental conditions that characterized surface
2 waters of the upwelling zone, the most likely causes being rela-
tively lower sea-surface temperatures and extreme competition
20 5 among the primary producers. We can only speculate as to
~ which of these two factors had the greatest effect in reducing
E 44 NN21 § discoaster abundances, or if the reduction was created by the in-
E and o teraction of both factors.
= NN20 -E Site 658 shows a stratigraphic record characterized by high
g o8 B sediment-accumulation rates, ranging from 70 m/m.y. to nearly
] o 150 m/m.y. The only exception to this occurred during the early
ds to middle Pleistocene. This time interval probably is represented
by a hiatus encompassing roughly 0.8 m.y. (1.5 Ma to 0.7 Ma).
60— 7 Pleistocene
L The Pleistocene sequence at Site 658 is completely domi-
-8 f 0.474 NN19 nated by gephyrocapsids. Common assemblages found are Cal-
cidiscus leptoporus, Coccolithus pelagicus, and Helicosphaera

carteri, although more than one of these three species is seldom
common in any given sample. The number of specimens of Emi-



liania huxleyi exceeds the number of gephyrocapsids in Cores
108-658A-1H and -658B-1H, indicating an age younger than
0.085 Ma. The first occurrence (FO) of E. huxleyi was found in
Cores 108-658A-5H and -658B-6H, thus indicating the base of
Zone NN21. The top of Zone NN19 (extinction of P. lacunosa)
is located between 68.7 and 70.2 mbsf in Hole 658A (bottom of
Core 108-658A-8H), and between 68.8 and 69.1 mbsf in Hole
658B (top of Core 108-658B-9H). Shortly below these levels, a
marked increase in etching of the nannofossil assemblages was
observed in both holes.

Calcidiscus macintyrei and Helicosphaera sellii disappear be-
tween Samples 108-658A-11H-6, 35 cm, and -658A-11H-6, 65
cm. A depth of 99.2 mbsf thus may represent a hiatus because
the stratigraphic ranges of these two species are known to differ.
In Hole 658B, C. macintyrei and H. sellii disappear between
Samples 108-658B-11H-8, 136 cm, and -658B-11H-9, 64 cm, at
a depth of about 97 mbsf. The lower Pleistocene assemblages
are similar to those of the middle and upper Pleistocene, with
the addition of C. macintyrei and H. sellii.

Pliocene

The Pliocene assemblages are fairly uniform in taxonomic
composition, with abundant small reticulofenestrids, and C.
leptoporus, C. macintyrei, C. pelagicus, H. carteri, H. sellii,
and Pontosphaera japonica more or less common. Rhabdos-
phaerids and discoasters are rare.

All determinations of the discoaster disappearances were made
by counting their abundance in 50 fields of view at X 790 mag-
nification, using one sample per section. The last occurrences
of Discoaster brouweri and Discoaster triradiatus were observed
between Samples 108-658A-14H-3, 145 cm, and -658A-14H-5,
145 cm, (124.15-127.15 mbsf), and between Samples 108-658B-
14H-6, 110 cm, and -658B-14H-8, 87 cm (about 124-125.8 mbsf),
at an age of 1.89 Ma. The low abundances of the discoasters in
Core 108-658A-16H made it impossible to determine the increase
of D. triradiatus (relative to D. brouweri) to better than 6 m, be-
tween Samples 108-658A-15H, CC and -658A-16H-4, 150 cm.

Farther downhole, the first specimens of Discoaster surculus
were observed at the base of Core 108-658A-17H, although the
first consistent occurrences were recognized at the base of Core
108-658A-19X. Sample 108-658A-19X-5, 143 c¢m, provided 21
specimens of D. brouweri, whereas Sample 108-658A-19X-7,
149 cm, provided 6 specimens of D. brouweri, 10 specimens of
D. surculus, and 20 specimens of Discoaster pentaradiatus. Be-
cause this last species showed a less clear abundance pattern
(compared with D. surculus), the top of Zone NN16 was consid-
ered more reliable than the top of Zone NN17. The range of un-
certainty for the extinction of D. pentaradiatus covers the depth
interval from Sample 108-658A-17H, CC through Sample 108-
658A-19X-7, 149 cm (157.7-167.0 mbsf); however, D. pentara-
diatus was present in sufficient numbers in Sample 108-658B-
18H, CC to indicate an indigenous presence. This could decrease
the range of uncertainty to between 157.7 and 163.8 mbsf.

Discoaster tamalis was observed at the top of Core 108-
658A-22X. However, its rare occurrences in the lower half of
that core and in the upper half of Core 108-658A-23X suggest
that the top of Subzone CN12b can be only tentatively identi-
fied in terms of sub-bottom depth.

Recovery from Core 108-658A-32X was poor, making a pre-
cise determination of the extinction of Reticulofenestra pseudo-
umbilica (281.4-290.9 mbsf) and the top of Zone NN15 (3.56
Ma) impossible.

Eight cores were recovered from Hole 658C. Investigation of
two core-catcher samples (108-658C-7H, CC and -658C-8H, CC)
indicate that the extinction of P lacunosa occurs within Core
108-658C-8H (63.4-72.9 mbsf).

SITE 658

Planktonic Foraminifers

Planktonic foraminifers were recovered from two holes at
Site 658, with the deeper Hole 658A reaching the lower/upper
Pliocene boundary. The fauna contains abundant, well-preserved
foraminifers in the upper few cores, but below Cores 108-658A-
8H and -658B-9H specimens are less common and less well pre-
served. Below Cores 108-658A-17H in Hole 658A and -658B-
10H in Hole 658B more than one-half the core-catcher samples
had too few specimens of planktonic foraminifers to make rela-
tive abundance estimates. The greater than 150-um fraction of
these organic-rich green clays consisted predominantly of mud
pellets that resisted disaggregation in a 10% hydrogen peroxide
bath. Although dissolution appears to have been extensive, most
samples contained relatively few foraminifer fragments.

The Pleistocene assemblage, recovered above Cores 108-658A-
13H, CC and -658B-12H, CC, is dominated by Globorotalia in-
flata, Neogloboquadrina pachyderma (d.), and Globigerina
bulloides. The large numbers of G. bulloides, at times in excess
of 30%, show that this site is located in an upwelling area. As at
Site 657, tropical species are present in very low abundances and
scattered influxes of cooler N. pachyderma (s.) are observed,
more so in Hole 658A than Hole 658B. Globigerinatella calida,
believed to have evolved in the late Pleistocene, is observed con-
sistently in Hole 658B, and its FO in Sample 108-698B-9H, CC
may define the base of Bolli and Saunders’ (1985) undated Glo-
bigerinatella calida Zone. The FO of Globorotalia truncatuli-
noides, which should define the base of the Globorotalia trun-
catulinoides Zone at 1.9 Ma, was found in Samples 108-658A-
13H, CC and -658B-13H, CC. However, we do not see the
evolution of this species from its ancestor Globorotalia tosaen-
sis, and in cool-water sites such as this, G. truncatulinoides is
commonly absent during the early part of its range (Weaver and
Clement, 1986). Ideally, there should be an overlap of G. trun-
catulinoides, which has an FO at 1.9 Ma, with Globigerinoides
obliquus, which has its last occurrence (LO) at 1.9 Ma. At Site
658, however, neither species is present in Cores 108-658A-14H
and -658A-15H, nor Cores 108-658B-10H through -658B-12H.
These cores, therefore, cannot be dated. The Globigerinoides
obliquus Zone (PL6) can be recognized in Samples 108-658A-
16H, CC through -658A-17H-5, 111 cm, and Samples 108-658B-
13H, CC through -658B-17H, CC. A single specimen of G. ob-
liguus that occurs in Core 108-658A-11H, CC, approximately
19 m (or about 0.2 Ma) above the observed FO of G. tfruncatuli-
noides, may be reworked.

Below the Pliocene/Pleistocene boundary, the tropical zonal
markers are rare owing to either dissolution or the cold-water
environment, and thus zonal assignments are subject to error.
The PL6/PL5 zonal boundary (2.2 Ma), as indicated by the last
occurrence of G. miocenica, is above Samples 108-658A-17TH, CC
and -658B-18H, CC. Hole 658B does not extend beyond Core
108-658B-18H. The FO of Globorotalia inflata is also found in
Sample 108-658A-17H, CC and its co-occurrence with G. mio-
cenica thus may indicate an age slightly older than the observed
age of 2.1 Ma for this datum in the North Atlantic (Weaver and
Clement, 1986; Raymo et al., 1987).

The short PL4 Zone was observed in Sample 108-658A-25X,
CC, which contained Dentoglobogquadrina altispira but no Sphae-
roidinellopsis seminulina. The LO of S. seminulina was in Sam-
ple 108-658A-26X, CC, but since this species was only observed
in two samples in the entire hole, its nonoccurrence may be an
artifact of dissolution. In the PL3 Zone, foraminifers continued
to be scarce, and one sample was barren. The upper Pliocene
assemblage is dominated by N. pachyderma (d.), G. bulloides,
and Globorotalia puncticulata, G. inflata’s evolutionary prede-
cessor. The deepest sample, 108-658A-33X, CC, contained a
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few specimens of G. margaritae, indicating that the base of
Hole 658A just reached the early Pliocene PL2 Zone.

Benthic Foraminifers

The benthic-foraminifer assemblage at Site 658A is charac-
terized by its high diversity and abundant occurrence. The dom-
inant species are Pyrgo murriyna, Melonis pompilioides, Melo-
nis barleeanus, Bulimina aculeata, Gyrodinoides soldanii, Ori-
dorsalis tener, Globobulimina auriculata, Cassidulina carinata,
Cibicidoides kullenbergi, Planulina wuellerstorfi, and Uviger-
ina peregrina. This assemblage suggests lower to upper bathyal
depths.

The FO of Hoeglundina elegans occurs in Sample 108-658A-
30X, CC. Although Schnitker (1979) assigned an age of 0.13 Ma
to this event in the western North Atlantic, preliminary results
at Site 658 suggest an age of about 3.4 Ma for this event. This
age difference is assumed to result from different ecological con-
ditions along the western and eastern North Atlantic continen-
tal margins.

Diatoms

Diatoms are present in all core-catcher samples examined
from Holes 658A and 658B; their abundance and preservation
vary from sample to sample. In general, the diatom assemblage
in most samples consists of few specimans with poor preserva-
tion. However, some samples contain common to abundant,
moderately well-preserved specimens.

The diatom assemblage is dominated by pelagic diatoms in-
dicative of high surface-water productivity. Species consistently
observed include Actinocyclus octonarius, Actinoptychus senari-
us, Coscinodiscus marginatus, C. oculis-iridis, Hemidiscus cunei-
Jformis, Nitzschia marina, Paralia sulcata, Thalassionema nitz-
schioides, Thalassiosira eccentrica, T. leptopus, T. oestrupii, and
Thalassiothrix longissima. Resting spores, several varieties of
freshwater Melosira spp., marine benthic diatoms, and opal
phytoliths also were observed.

Age-diagnostic species are present but commonly have spo-
radic ranges resulting in tentative zonal assignments. Because of
the sporadic occurrence of Rhizosolenia praebergonii, we are
unable to recognize consistently the Rhizosolenia praebergonii
Zone of Burckle (1977). Therefore, we will follow Baldauf (1984)
and use the Nitzschia marina Zone for the interval correspond-
ing to that of the Rhizosolenia praebergonii Zone. The Nitz-
schia marina Zone (Baldauf, 1984) is defined as the interval
containing N. marina between the LO of Nitzschia jouseae and
the FO of Pseudoeunotia doliolus.

Samples 108-658A-1H, CC through -658A-7H, CC and 108-
658B-1H, CC through -658B-7H, CC are assigned to the late
Pleistocene Pseudoeunotia doliolus Zone of Burckle (1977), based
on the occurrence of P. doliolus stratigraphically above the LO
of Nitzschia reinholdii.

Samples 108-658A-8H, CC through -658A-14H, CC and
-658B-8H, CC and -658B-9H, CC are placed in the Nitzschia
reinholdii Zone of Burckle (1977), based on the co-occurrence
of P. doliolus with N. reinholdii. The LO of N. reinholdii was
dated by Burckle (1972) and has an estimated age of 0.65 Ma in
the eastern equatorial Pacific. In the middle and high latitudes
of the North Atlantic, this biostratigraphic event has an as-
signed age of 0.44 Ma (Baldauf, 1987). The LO of N. reinholdii
in Sample 108-65A-8H, CC is slightly above the LO of the cal-
careous nannofossil Pseudoemiliania lacunosa, which has an es-
timated age of 0.474 Ma. This suggests that the LO of N. rein-
holdii corresponds closely to the estimated age of its LO in the
middle and high latitudes of the North Atlantic and signifi-
cantly postdates that in the eastern equatorial Pacific. Although
Samples 108-658B-10H, CC through -658B-14H, CC do not
contain diagnostic species, their downhole positions relative to
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Samples 108-658A-10H, CC through 108-658A-14H, CC (which
contain P. doliolus) suggest an assignment to the Nitzschia rein-
holdii Zone.

Samples 108-658A-15H, CC through -658A-23X, CC and
-658B-15H, CC through -658B-18H, CC are assigned tentatively
to the Nitzschia marina Zone of Baldauf (1984). The occurrence
of Thalassiosira convexa in Sample 108-658A-18H, CC allows
placement of Samples 108-658A-15H, CC through -658A-17H,
CC into Subzone “b” and Samples 108-658A-18H, CC through
-658A-24X, CC into Subzone “a” of this same zone (Baldauf,
1987). The base of the Nitzschia marina Zone is placed in Sam-
ple 108-658A-24X, CC and corresponds to the LO of N. jous-
eae. Placement of this zonal boundary is, however, extremely
tentative because of the rare occurrence of this species. The cal-
careous-nannofossil stratigraphy suggests that Sample 108-658A-
24X, CC is slightly older (approximately 2.9 Ma), indicating
that although Sample 108-658A-24X, CC is indeed equivalent
to the Nitzschia jouseae Zone, the placement of the zonal bound-
ary (N. jouseae/N. marina) should occur stratigraphically higher
in the hole.

The occurrence of Rhizosolenia praebergonii in Sample 108-
658A-18H, CC and Samples 108-658A-24X, CC through -658A-
26X, CC and -658B-16H, CC allows placement of these sam-
ples into the Rhizosolenia praebergonii Zone of Burckle (1977).
The sporadic occurrence of R. praebergonii, however, makes the
use of this species unreliable for independent stratigraphic con-
trol. The occurrence of N. jouseae in Samples 108-658A-24X,
CC through -658A-26X, CC allows placement of these samples
into the Nitzschia jouseae Zone of Baldauf (1984).

Core-catcher samples examined from Cores 108-658A-27X
through -658A-33X contain rare to common diatoms. Preserva-
tion is invariably poor. Because no age-diagnostic species were
observed, these samples are unzoned.

PALEOMAGNETISM

Magnetostratigraphy

Experimental Procedures

We measured all possible cores through Core 108-658A-19H
in Hole 658A and Core 108-658B-17H in Hole 658B with the
pass-through cryogenic magnetometer. The cores were routinely
demagnetized to 50 Oe after measuring the natural remanent
magnetization (NRM). Discrete samples were taken from each
core section for a total of approximately 200 samples. Most
were measured using the cryogenic magnetometer in a discrete
sample mode. The weak magnetization of the sediments was
near the noise level of shipboard equipment. Therefore, we sub-
jected each sample to several demagnetization steps in order to
isolate the stable component while still maintaining measurable
intensity.

Results

For the most part, the whole-core measurements were excel-
lent and agreed well with the discrete-sample data and the ex-
pected magnetic inclination for the site (37°). As a typical exam-
ple, we show the results from Core 108-658A-5H, in Figure 13.
We plot the whole core data, the inclination data from the dis-
crete samples, and the expected inclination for the site. An excep-
tion to the general correspondence of the results can be seen in
the first section, which displayed extensive coring disturbance.
Such coring disruption is quite common in core tops.

In contrast to the overall high quality of the whole-core mea-
surements obtained at this site from APC cores, data from the
XCB cores were less satisfying. In Figure 14 we show the results
from Core 108-658A-19X. These are highly scattered, and we
hesitate to interpret them in terms of polarity. Therefore, the
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Figure 13. Declination, inclination, and intensity variations as a function of depth recorded in Core 108-658A-5H.

magnetostratigraphy from XCB cores is based entirely upon dis-
crete-sample data.

In Figure 15, we show selected vector end-point diagrams.
These diagrams indicate that the stable component is easily iso-
lated, in most cases after 50 Oe. The magnetostratigraphic re-
sults are shown in Figures 16 and 17. These results are based on
discrete-sample data selected by means of the following criteria:
demagnetization behavior, circular standard deviation, and in-
tensity. The appropriate demagnetization step, as judged from
detailed curves, was chosen for each sample. Different criteria
are necessary for data generated on the spinner and cryogenic
magnetometers owing to sensitivity and procedural differences.
Spinner-magnetometer data that had circular standard devia-
tions in excess of 35 were excluded. Measurements with intensi-
ties of less than 10-6 emu were rejected for cryogenic-magne-
tometer data.

All results meeting the criteria mentioned are plotted in Fig-
ure 16 (Hole 658A) and Figure 17 (Hole 658B). Inclinations are
interpreted in terms of polarity, based on the sign (positive be-
ing normal and negative reversed). Polarity intervals represented
by a single specimen are indicated by arrows, as they are consid-

ered less reliable. Correlation with the time scale without inde-
pendent evidence would present problems. However, when com-
bined with the biostratigraphy, correlation is quite satisfactory
and indicates that the upper part of Chron Clr is missing. A
sampling density of one per section is inadequate to resolve the
short events within Chron C2A (Kaena and Mammoth) and ad-
ditional samples will be requested.

Magnetic Susceptibility

We measured whole-core volume susceptibility on Cores 108-
658A-1H through -658A-20H (0-167.4 mbsf, about 0-2.5 Ma) and
on Cores 108-658B-1H through -658B-9H (0-68.8 mbsf, about 0-
0.5 Ma). The presence of numerous voids (resulting from gas ex-
pansion) below about Cores 108-658A-10H and -658B-10H made
whole-core measurements troublesome. For this reason we did not
continue these measurements below this level in Hole 658B.

Susceptibility values are generally low (less than 10~* SI units).
Despite the uniformity of lithology at this site, sufficient varia-
tion exists in the susceptibility stratigraphy to permit detailed
correlations between Holes 658A and 658B down to about 80
mbsf. We have correlated more than 50 susceptibility peaks be-
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Figure 14. Example of scattered results obtained from XCB cores (Core 108-658A-19X).

tween the two holes over this interval. Figure 18 shows an exam-
ple from Cores 108-658A-4H and -658A-5H and Cores 108-
658B-4H and -658B-5H.

SEDIMENT-ACCUMULATION RATES

The sediment-accumulation rates of Hole 658A are recon-
structed using 22 control points (Table 3 and Fig. 19). The combi-
nation of high productivity and continental proximity resulting in
substantial input of terrigenous material causes high accumula-
tion rates on the order of 70 to 150 m/m.y. The sediments at the
bottom of Hole 658A (300.4 mbsf) are no older than about 3.7
Ma. The cored sequence contains one major hiatus, spanning
the time interval from approximately 0.7 to 1.5 Ma. Depending
on whether sedimentological, biostratigraphic, or magnetostrati-
graphic evidence is used, the hiatus occurs somewhere within the
depth interval from 101.6 to 109.2 mbsf. Figure 19 shows the
position of the hiatus as indicated by the magnetostratigraphic
data.

The highest accumulation rate was found above the hiatus in
the least compacted, uppermost 100 m of the sedimentary col-
umn (147 m/m.y.). Below this level, the sediments were accumu-
lating at a rate of about 72 m/m.y. between 1.5 and 2.5 Ma, and
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at a rate of 108 m/m.y. between 2.5 and 3.7 Ma. The decrease in
sedimentation rate at 2.5 Ma may be related to the onset of
moderate-scale glaciation in the Northern Hemisphere during
this time.

The age/depth positions of eight biochronologic markers do
not fall on the accumulation-rate curve suggested by the magne-
tostratigraphic reversal boundaries. These eight species events
are discussed next.

The four diatom markers (LO of Nitzschia reinholdii, FO of
Pseudoeunotia doliolus, LO of Thalassiosira convexa, and LO
of Nitzschia jouseae) have anomalous positions relative to the
suggested sedimentation-rate curve. These discrepancies may re-
sult from the influence of cooler water temperatures and upwell-
ing at Site 658. The stratigraphic ranges of these species are sim-
ilar to their ranges in middle to high latitudes rather than in low
latitudes.

Burckle (1972) assigned an estimated age of 0.65 Ma for the
LO of N. reinholdii in the eastern equatorial Pacific. Although
Site 658 is located in the eastern equatorial Atlantic, the esti-
mated age of the LO of N. reinholdii (Fig. 19) at this site is be-
tween 0.44 and 0.59 Ma. Baldauf (1987) estimated an age of
0.44 Ma for the LO of N. reinholdii in several DSDP sites in
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Figure 16. Magnetostratigraphic results interpreted from inclination
variations in Hole 658A. Correlation with the geomagnetic polarity
time scale given on the left of the figure has been obtained by combining
it with biostratigraphic results.

middle and high latitudes of the North Atlantic. This suggests
that at Site 658, N. reinholdii has a range similar to that of mid-
dle and high latitudes of the North Atlantic and thus may be re-
sponding to the cooler water conditions at Site 658,

The FO of P. doliolus is placed in Sample 108-658A-14H,
CC. Such a placement suggests that this event is slightly older
(by 0.16-0.3 m.y.) than the age of 1.8 Ma assigned to this event
in both the equatorial Pacific (Burckle, 1977) and middle and
high latitudes of the North Atlantic (Baldauf, 1986). The most
likely explanation for this earlier occurrence is downhole contam-
ination. Examination of calcareous nannofossils from Samples
108-658A-14H-4, -658A-14H-5, and -658A-14H, CC indicate that
Discoaster brouweri, although present in Samples 108-658A-
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Figure 17. Magnetostratigraphic results interpreted from the inclination
variations in Hole 658B.

14H-4 and -658A-14H-5, is absent from Sample 108-658A-14H,
CC. This suggests contamination of the core-catcher material
from a higher stratigraphic interval.

The last occurrences of T. convexa and N. jouseae seem to
be significantly older at Site 658 than in other equatorial re-
gions. Both these species have sporadic stratigraphic occurrences,
which are most likely controlled by changing ecologic conditions.
Therefore, these species are considered to be unreliable for bio-
stratigraphic or biochronologic control at Site 658.

The planktonic foraminifer Globorotalia miocenica was not
observed in sediment younger than about 2.35 Ma. This species
may have disappeared from the area of Site 658 roughly 0.15 m.y.
before its extinction at 2.2 Ma, or, more likely, strong dissolution
in the samples above its disappearance could have caused its ab-
Sence.

The aberrant age/depth position of the last observed occur-
rence of the calcareous nannofossil Discoaster tamalis may rep-
resent an early disappearance (about 0.15 m.y.) from Site 658 or
may indicate that its highest consistent occurrence does not rep-
resent its true extinction level. A few specimens observed at the
top of Core 108-658A-22X were interpreted to have been re-
worked. However, if this is not the case, the LO of D. tamalis
would fall on the suggested sedimentation-rate curve.

The entire interval from 101.6 mbsf to the top of Hole 658A
is normally magnetized. The age-depth positions of the two
Emiliania huxleyi datums and the Pseudoemiliania lacunosa da-
tum support the interpretation of this 101.6-m sequence as the
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Table 3. Depth and age estimates of biostratigraphic
7 and magnetostratigraphic indicators used to establish
accumulation rates for Site 658.

Depth Age

Datum (mbsf) (Ma)

Emiliania huxleyi acme 5.7-24.7 0.09

FO  E. huxleyi 34.2-43.7 0.28

= LO  Pseudoemiliania lacunosa 68.7-70.2 0.47
Nitzschia reinholdii 62.7-72.2 0.65

Brunhes (within) 101.6-101.6 0.73

e LO  Calcidiscus macintyrei 99.1-99.4 1.45
Matuyama/Olduvai 109.2-109.8  1.66

Olduvai/Matuyama 124.2-129.7  1.88

= LO  Discoaster brouweri 124.2-127.2  1.89
FO  Pseudoeunotia doliolus 129.2-138.7  1.80

FO  Discoaster triradiatus acme 138.7-144.7  2.07

] LO  Globorotalia miocenica 155.3-157.7 2.20
LO  Thalassiosira convexa 157.7-157.9 2.20

. LO  Discoaster surculus 165.4-167.7  2.45
Matuyama/Gauss 154.6-158.3 2.47

LO  Discoaster tamalis 197.4-203.3  2.65

| LO  Nitzschia jouseae 205.4-214.9  2.65
LO  Dentogloboguadrina altispira 214.9-2244 2,90

Gauss/Gilbert 267.3-281.7 3.40

" LO  Reticulofenestra pseudoumbilica  281.4-290.9  3.56

FO = first occurrence; LO = last occurrence.
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Figure 18. Between-hole susceptibility correlations. 200

Brunhes; the age of the 101.6-m level cannot be older than 0.73
Ma. Downhole extrapolation of the sedimentation rate from the
P, lacunosa datum intercepts the 101.6-m level at about 0.69 Ma.

Calcidiscus macintyrei and Helicosphaera sellii both disap- 250
pear 2.0-2.5 m above the 101.6-m level within Chron C1. This
gives erroneous age estimates for their extinctions: 0.8 m.y. too
young for C. macintyrei and 0.5-0.7 m.y too young for H. sel-
fii. Their positions above the indicated hiatus must represent re-
working.

300 L | | |

1 1
INORGANIC GEOCHEMISTRY Y 1 " Z{M ] 3 4
e a
Interstitial-water samples were squeezed from six sediment ’
samples taken routinely from approximately every 50 m in Hole Figure 19. Accumulation-rate curve for Hole 658A.
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658A (Cores 108-658A-21X and -658A-30X) and Hole 658B (Cores
108-658B-1H, -658B-6H, -658B-11H, and -658B-17H). Values
for pH and alkalinity were measured in conjunction using a Me-
trohm 605 pH-meter, followed by titration with 0.1N HCI. Sa-
linities were measured using an optical refractometer, and chlo-
rinities were determined by titration with silver nitrate to a potas-
sium chromate end point. Calcium, magnesium, and sulfate
analyses were performed by ion chromatography on a Dionex 2120i
instrument. Results from all analyses are presented in Table 4.

ORGANIC GEOCHEMISTRY

Site 658 was characterized by the high concentration of gas
trapped in the sediments, which upon release of pressure ex-
panded to form frequent voids in the cores. Samples of gas were
obtained from most cores using vacutainers and analyzed imme-
diately as a safety precaution.

Physical-property samples were used to determine total-or-
ganic-carbon (TOC) and carbonate contents for Hole 658A. Of
these, a representative set of samples was also analyzed by Rock-
Eval pyrolysis. Organic extracts of 17 sediment samples from
the upper part of Hole 658A were analyzed by capillary gas
chromatography.

Analysis of Hydrocarbon Gases

High concentrations of gas were encountered at Site 658,
causing large and frequent voids in cores because of gas expan-
sion during the release of pressure. This feature was particularly
notable in Hole 658A, where voids made up almost 50% of the
core liner volume. Gas samples were taken by piercing the core
liner over a void and then collecting the gas in sealed, evacuated
vacutainers for immediate gas chromatographic analysis. A small
sample of the gas (0.25 mL) was injected into a Hewlett-Pack-
ard 5890 Gas Chromatograph fitted with DC200 and Porapak Q
packed columns connected in series. The carrier gas was helium
at 50-psi head pressure, and the oven temperature was main-
tained at 70°C. Hydrocarbons were detected using a flame ion-
ization detector (FID). The resulting signal was plotted and
peak areas calculated with a Hewlett-Packard 3392a integrator.
Concentrations of methane (C,) and ethane (C,) were listed by
the integrator after each analysis, and values of C,/C, were cal-
culated from peak area counts (Fig. 20). Because of difficulties
with the instruments during the early stages of coring at Hole
658A, only minimum values of C,;/C, could be assigned; these
are omitted from the plot but are listed in Table 5.

The upper cores from Holes 658A and 658B contained rela-
tively low concentrations of methane and no detectable ethane.
A low concentration of ethane was seen in Core 108-658B-6H,
and after this point ethane increased considerably with depth,
causing the methane/ethane ratio to fall toward 1000 (Fig. 20).

High concentrations of methane are common in organic-rich
sediments such as these and arise from bacterial activity (so-
called biogenic methane). In contrast, ethane and higher hydro-
carbons are generally produced with depth as increasing temper-
ature and pressure lead toward petroleum generation (Tissot and
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Figure 20. Plot of methane/ethane ratio vs. depth (as core number).
The shaded region is generally considered to represent a relatively high-
risk situation where drilling must be stopped.

Welte, 1984). Hence, the methane/ethane ratio may be moni-
tored to assess the risk of encountering a dangerous accumula-
tion of thermally generated hydrocarbons. The lowest C,/C,
value measured at Site 658 was 1311, which was near the bottom
of Hole 658A and well above the ODP Safety Panel limit of
500. Hydrocarbons higher than ethane were not detected in any
of the gas samples analyzed from this site.

Organic and Inorganic Carbon

Inorganic-carbon (IC) contents were measured on the Coulo-
metrics Carbon Dioxide Coulometer, whereas total-carbon (TC)
values were determined using the Perkin Elmer 240C Elemental
Analyzer. TOC values were calculated by difference. Analytical
methods are discussed and data presented in the Appendix (this
volume).

TOC values at Site 658, Hole 658A, are consistently high
throughout the section, ranging from 0.44% to 3.26%. The up-
per part (Cores 108-658A-1H through -658A-10H) is signifi-
cantly lower in organic-carbon content than the lower levels,

Table 4. Results of inorganic-geochemical analyses conducted for Site 658.

Hole/core/ Alkalinity ~ Salinity  Chlorinity ~ SO*~ Mg+ catt
section pH {mmol/L) (%) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
B-1H-1 7.76 3.34 34.0 572 20.9 46.7 14.2
B-6H-5  7.43 33.52 33.8 587 0.0 39.9 2low
B-11H-7  7.09 43.84 36.0 558 0.0 48.2 Alow
B-17TH-7  7.54 43.50 37.2 636 0.0 35.6 How
A-21X-2  7.48 44.32 384 625 5.20 53.1 Aow
A30X-3  7.76 38.00 42.1 691 5.45 50.1 How

2 Ca?* cannot be detected in standards containing 7.24 mmol/L.
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Table 5. Results of analyses of

vacutainer gas samples at Site 658.

Hole 658A Hole 658B
Coreno. C)/C, Coreno. C}/C,

L n.m.

6 “n.m. 6 4903
8 6174

9 n.m. 9 5613
10 4671

11 > 1600 11 4201
12 4172

13 n.m. 13 4197

14 n.m. 14 3887

15 n.m. 15 3473

17 > 2000

19 n.m.

20 =600

21 > 1800

22 > 500

23 =850

24 > 500

25 2365

26 2630

28 1940

29 1949

30 1311

31 2330

33 1367

2 n.m. = not measurable (ethane was not
detected).
Note: In some cases only minimum values
could be assigned; true values may
have been considerably higher.

where values around 3% are common (Fig. 21). Quasiperiodic
cyclic variations in organic-carbon content are superimposed
upon a gradual trend of increasing TOC with depth.

The carbonate curve (Fig. 21) tends to mirror that of TOC.
The uppermost part of the section (through Core 108-658A-
10H), corresponding to lithologic Unit I (see “Lithostratigraphy
and Sedimentology” section, this chapter), displays higher aver-
age carbonate content (with a maximum of 68%) than do the
lower levels. There is a general trend of decreasing carbonate
content with depth upon which are superimposed quasiperiodic
variations of up to 40%.

Rock-Eval Pyrolysis

Rock-Eval pyrolysis (Espitalié et al., 1977) was used to indi-
cate the type and maturity of the organic matter of almost 40
samples taken from throughout the section. A van Krevelen plot
(Fig. 22) shows that all samples exhibit relatively low hydrogen
indexes (HI) and intermediate to high oxygen indexes (OI) and
can be plotted in an area between fields II and III. This suggests
that these samples contain mixed organic matter of marine and
terrestrial origin (i.e., types II and III; Tissot and Welte, 1984).

The samples can be plotted in an area well away from the ori-
gin of the van Krevelen diagram, indicating the immaturity of
their organic matter (Tissot and Welte, 1984). This feature is
also shown by the low temperatures of maximum pyrolysis yield
(Tax), Which vary between 403° and 425°C (Table 6).

Gas Chromatography of Extractable Lipids

Seventeen sediment samples from Core 108-658-1H were freeze
dried and ultrasonically extracted with methanol and dichloro-
methane to yield organic extracts that were subsequently ana-
lyzed by gas chromatography. The Hewlett-Packard 5890 Gas
Chromatograph was operated in a splitless injection mode with
an OV-1-type capillary column (cross-linked methyl silicone; 25
m X 0.20-mm inside diameter) and helium carrier gas. The
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Figure 21. Organic-carbon and carbonate records of Site 658, Hole
658A. The arrows mark distinct minima in the TOC curve.

oven temperature was programmed from 50° to 220°C at 10°C/
min and 220° to 300°C at 4°C/min. The FID signal was moni-
tored by a Hewlett-Packard 3392 Integrator.

Generally, the organic extracts display similar chromatograms,
with a complex mixture of low-molecular-weight compounds.
An important feature to note, however, is the presence of two
doublets in all samples, eluting in the high molecular weight
range (Fig. 23). These compounds are C;; and C;; alkenones
(long-chain unsaturated ketones; assigned by comparison with
standard samples). A simple parameter, U,;%, calculated from
the relative abundances of two C;; alkenones, differing only in
their degree of unsaturation (A and B, Fig. 23), may be used to
indicate variations in sea-surface temperatures (Brassell et al.,
1986), where:

Uy* = B/(B + A).

A plot of this unsaturation index vs. depth is shown in Fig-
ure 24.

The plot obviously displays cyclic or pseudocyclic variations
in the unsaturation ratio and, hence, sea-surface temperature
(Brassell et al., 1986). Based on an average sedimentation rate
of 14.6 cm/1000 yr (see “Sediment-Accumulation Rates” sec-
tion, this chapter), the equivalent of oxygen isotope Stage 1, the
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Figure 22. A van Krevelen plot of organic matter at Site 658, Hole
658A. HI = hydrogen index, OI = oxygen index (from Rock-Eval py-
rolysis).
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Table 6. Rock-Eval pyrolysis results and estimated
amounts of marine organic matter (using Stein et al.’s
method, 1986).

Sample TOC Marine C,,
interval (cm) (%) HI OF  'Tuiax %o
658A-1-2, 120 1.9 149 394 415 40
658A-1-4, 34 096 285 442 415 60
658A-3-3, 120 092 297 527 416 60
658A-3-4, 120 077 260 492 414 55
658A-4-4, 120 2.36 284 287 411 60
658A-4-5, 120 1.54 310 329 414 65
658A-5-5, 120 0.67 281 510 411 55
658A-6-3, 120 092 308 441 425 60
658A-6-5, 120 1.57 277 329 416 55
658A-7-1, 120 0.72 247 458 415 55
658A-7-2, 120 0.53 172 630 403 40
658A-8-1, 120 1.47 182 305 412 40
658A-8-4, 120 0.86 344 628 412 65
658A-9-2, 120 0.95 238 468 415 50
658A-10-4, 120 1.16 243 402 415 50
658A-11-3, 96 3.26 337 208 416 65
658A-11-3, 102  2.87 324 241 417 65
658A-12-1, 24 2.02 247 267 414 55
658A-12-2, 118 2.18 222 219 418 50
658A-12-4, 102 1.71 313 275 422 60
658A-12-6, 82 1.0z 218 311 415 50
658A-13-5, 120 2.40 300 241 411 60
658A-14-2, 94 297 336 200 408 65
658A-14-6, 85 2.59 182 251 419 45
658A-15-4, 88 1.19 222 408 417 50
658A-15-7, 34 234 282 305 415 60
658A-16-2, 120 3.17 262 214 411 55
658A-19-1, 84 1.03 170 403 409 40
658A-20-7, 84 1.19 212 400 414 50
658A-25-6, 64 1.39 329 364 415 65
658A-26-2, 96 1.27 282 365 420 60
658A-27-4, 86 1.96 236 291 417 50
658A-28-2, 120 2.42 230 297 407 50
658A-28-5, 118 3.18 251 194 422 55
658A-29-4, 101 1.64 293 323 412 60
658A-30-5, 119 294 294 195 420 60
658A-33-1, 120 1.45 185 348 421 45

TOC = total organic carbon, HI = hydrogen index, OI
oxygen index, T, = maximum temperature, and Cm.s
organic carbon.

iwn

Figure 23. A gas chromatogram of the total organic extract (hexane-soluble fraction) of Core 108-658A-1H-1, 46-48 cm. A = Cs; alkatrienone (37:3),
B = Cj; alkadienone (37:2), C = Cj; alkatrienone (38:3), D = Cygalkadienone (38:2).

present interglacial stage is represented by high unsaturation in-
dexes and began at around 10,000 yr (about 1.5 mbsf). After
reaching maximum sea-surface temperatures at around 7000 yr
(1.05 mbsf), evidence exists for a slight cooling toward the
present time. The late Stage 2 glacial is represented by a distinct
minimum in the curve at around 2.25 mbsf. Before this, the sig-
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nal fluctuates between periods of cool and moderate sea-surface
temperatures.

Discussion

The high concentrations of methane encountered at Site 658
were the result of subsurface bacterial degradation of organic



06— -

12— =

Cool
2.4 — —

Depth (mbsf)

3.6 — =

- 7/

48— =

5.4 | I 1
0.60 0.70 K 0.80
Unsaturation index U 37

Figure 24. A plot of alkenone unsaturation index (U;;*) vs. depth in
Core 108-658A-1H. High unsaturation indices indicate warmer sea-sur-
face temperatures.

matter. The low amounts of ethane that were observed probably
arose from mixing early products of thermal evolution of kero-
gen with large amounts of biogenic gas.

The sediments at Site 658 are characterized by very high or-
ganic-carbon contents (0.44% to 3.26%), well above the normal
values expected for a marine environment. Using the HI values
obtained by Rock-Eval pyrolysis and Stein et al.’s method (1986),
one can suggest values of 40% to 65% marine organic matter
for the sediments at Site 658. However, this is hardly surprising,
as the site lies underneath the permanent oceanic upwelling cell
west of Cap Blanc. Thus, high oceanic productivity may have
been the main factor controlling the accumulation of organic
matter, although fluvial and eolian input of terrigenous organic
matter may also have been important at Site 658.

The change in average carbonate and TOC values around the
base of Core 108-658A-10H lies at about 0.6 Ma (see *“Sedi-
ment-Accumulation Rates” section, this chapter) and is repre-
sented by a change in lithology with higher noncarbonate sedi-
ment beneath this level (see “Lithostratigraphy and Sedimentol-
ogy” section, this chapter). Because the sedimentation rates are
distinctly higher in the carbonate-rich upper part of the sequence
(i.e., in Unit I), it appears that the lower carbonate content be-
low Core 108-658A-10H may be caused by dissolution. The
high-frequency variations in both TOC and carbonate content
throughout Cores 108-658A-1H through -658A-10H may reflect
climatic cycles of 100,000-yr duration, but higher resolution anal-
yses are needed before this signal can be identified for certain.

SITE 658

PHYSICAL PROPERTIES

The techniques used for the shipboard physical-property mea-
surements at Site 658 are outlined in the “Introduction and Ex-
planatory Notes” (this volume). Tables 7 through 11 show data
for the index properties, vane shear strength, and the limited
compressional-wave velocity (Hamilton Frame) from Holes 658A
and 658B. Only GRAPE measurements were performed on cores
from Hole 658C. Most of these data for Holes 658A and 658B
are presented graphically in Figures 25 through 31 (the calcium
carbonate profile is shown in Figure 29 for comparison with the
other properties). None of the data presented in this section
were screened for bad data points.

Most cores recovered from this site contained significant
amounts of gas, especially below 35 mbsf. It is unclear at this
time if any of this gas exists in a free state, in situ, or whether it
is all in solution. The large volumetric expansion during recov-
ery caused sediment cores to expand significantly and to break
into small sections. Consequently, many of the cores (which in-
cluded the many voids) were recorded as being longer than the
9.5-m core barrel. As shown in Figures 25 through 31, the below
seafloor depths were calculated for this preliminary report as
follows. For Hole 658A, the core was ‘“shortened” to 9.5 m, if
necessary, by subtracting any excess length evenly from each of
seven sections. For Hole 658B, the process was repeated but in
addition any remaining voids were subtracted from the total
length, which allowed for recoveries of less than 100%.

It is worth noting that during core splitting the sediment sec-
tions often moved within the core liner. Therefore, whole-core
logs and “barrel sheets” certainly will not correlate. It would
have been extremely helpful to the physical-properties scientists
if permission had been granted to reassemble physically the ob-
viously broken cores in Hole 658B. However, data about the
voids have been entered on the computer so that the gaps in
these cores can be closed “on paper” (see “Operations” section,
this chapter).

Owing to a lack of pycnometer beakers, sample volumes
(and thus some of the index properties) for Hole 658B were cal-
culated by using wet and dry weights and an assumed average
grain density of 2.66 g/cm®. The measured grain densities from
Hole 658A vary between 2.9 and 2.2 g/cm? (Fig. 29). These var-
iations reflect the changes in composition among biogenic silica,
biogenic carbonate, and terrigenous material. Only the biogenic
silica has a significantly lower grain density; hence, variations in
this component are chiefly responsible for the low average grain
density between 125 and 175 mbsf.

Three distinct units can be identified in the porosity profile
for Hole 658A shown in Figure 28 (and in profiles of closely re-
lated parameters; Figs. 25 through 27). Unit I extends from the
mud line to a depth of about 100 mbsf and shows a normal re-
duction in porosity from 73% to 62% caused by the consolida-
tion process. Unit II extends from 100 to 200 mbsf and shows an
essentially constant porosity with increasing depth of about 62%.
This apparent lack of consolidation with depth is typical of sedi-
ments with higher amounts of biogenic silica, which form rigid
open structures more resistant to the normal processes of con-
solidation. In Unit III (200-300 mbsf) the porosity decreases
from 65% to 55%. The low-carbonate, high-grain-density pro-
file in this unit indicates a higher proportion of terrigenous
components that exhibit a more normal consolidation curve.

Hand-held “Torvane” shear-strength measurements were per-
formed on cores from Site 658. Much of the cored material had
suffered a high degree of disturbance (caused by the expansion
of gas); hence, the vane-shear-strength profiles (Fig. 30) do not
indicate formation shear strength. The apparent vane-shear-
strength profile has two distinct units: (1) 0-150 mbsf (0-60
kPa) and (2) 150-300 mbsf (20-70 kPa). The break between
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Table 7. Index-properties data for Hole 658A.

Table 7 (continued).

Grain Wet-water  Dry-water  Wet-bulk  Dry-bulk Grain Wet-water  Dry-water  Wet-bulk  Dry-bulk
Interval  Depth  density  content content density dcnsi?‘ Porosity Inicrval - Depth  density  content content density densit; Porosity
Section  (cm) (m)  (g/em”) (%) (%) (®/cm”)  (g/em”) (%) Section  (em) (m)  (g/em) (%) (%) (g/em’)  (gfem”) (%)
141 20-122 1.21 2.58 53.57 115.40 1.42 0.70 74.69 16-6 20-122 14712 253 34.06 51.66 1.68 1.24 56.30
-2 20-122 2.71 282 47.82 91.63 1.53 0.83 71.90 17-1 20-122  148.18 241 47.41 90.14 1.46 0.88 68.24
I-3 20-122 4.21 269 47.99 92.27 1.51 0.81 71.04 17-2 34-36 150.04 257 46.69 87.57 1.50 0.86 69.02
14 34-36 4.82 274 46.58 87.19 1.54 0.85 70.30 17-3 20-122  152.40 225 41.51 70.97 1.50 0.97 61.25
341 20-122 16.41 273 48.42 93.89 1.51 0.82 71.75 17-4 20-122 15390 221 42.33 73.40 1.48 0.95 61.60
32 20-122 17.91 2,76 49.82 99.29 1.49 0.79 73.06 17-5 34-36 154.54 2.46 39.87 66.30 1.57 0.99 61.75
33 20-122 19.41 2.63 52.02 108.43 1.44 0.73 73.86 17-6 34-36 156.04 1.40 40.96 69.38 1.54 1.00 62.24
34 20-122 2091 2.66 43.74 .73 1.56 0.92 67.13 19-1 84-86 15859 247 36.31 §7.01 1.63 1.09 58.17
35 20-122 2240 283 43.05 75.59 1.60 0.97 67.90 19-2 34-36  160.08 216 43.89 78.21 1.45 0.87 62.65
3-6 34-36 23.04 21 44.97 81.73 1.56 0.91 68.81 19-3 84-86  160.88  2.24 41.61 71.26 1.49 0.98 61.21
4-1 20-122 2590 272 46.33 86.31 1.5 0.86 £9.90 19-4  20-122 16261 229 42,50 71.92 1.50 0.96 62.67
4- 0-122 2740 275 49.47 97.89 1.49 0.80 7 195 84-86 16326 267 39.07 64.14 1.64 1.0 62.85
431 20-122 2890 288 47.83 91.68 1.54 0.84 72.30 196 34-36 16438 247 41.57 71.14 1.55 0.96 63.46
44 20122 3040 257 49.12 96.55 1.47 0.79 1.9 197 20-122 16634 247 40.75 68.78 1.56 0.98 62.71
4-5 20-122 31.90 2.51 46.96 £8.53 1.49 0.87 68.76 20-1 20-122  168.15 2.51 42.12 72.78 1.55 0.96 64.35
46 20-122 33.40 2.61 47.16 #9.25 1.50 0.83 69.76 20-2 84-86 169.29 241 46.51 £6.97 1.48 0.86 67.53
51 B4-86 3505 249 48.20 93.03 1.47 0.83 69.67 203 34-36 169.50  2.59 19.05 64.08 1.62 1.06 62.13
52 20-122 3682 269 41.89 78.22 1.56 0.93 67.50 207 8486 17358 249 36.91 58.51 1.63 1.17 59.02
5.3 20-122 38.28 2.68 41.88 72.06 1.59 0.99 65,59 20-8 20-122 17432 2.43 45.02 £1.90 1.50 0.88 66.30
54 20-122 W73 267 42.32 73.38 1.58 0.95 65.91 209 B4-B6 17546 231 43.54 7712 1.49 0,90 63.80
5.5 20-122 41.19 2.69 44,39 79.82 1.56 0.90 68.01 21-1 10-112  177.80 2.50 42.33 71.39 1.55 0.95 64.49
56 20-122 42,65 2.31 49.26 97.09 1.42 0.76 68.99 21-2  B4-8B6  178.81 2.59 43.35 76.54 1.55 0.92 66.26
57 34-36 4327 292 43.23 16.16 1.62 0.94 68.75 2144 10112 18146 2.67 39.11 64.23 1.64 1.03 62.88
61  84-86 4450 270 44.89 81.47 155 0.92 68.50 215 20-122 18276 249 42.59 74.17 1.54 0.92 64.64
62 20-122 4641 272 43.88 18.20 157 0.93 67.81 216 54-56 18345 252 39.35 64.88 1.60 1.01 61.81
63 20-122 47.91 2.61 431.95 78.40 1.55 0.95 66,91 222 71-713 188.34 2.4 43.17 75.96 1.52 0.90 64.75
6-5 20-122 50.91 2.66 44.16 79.00 1.56 0.91 67.57 229 00-102 19516 2.46 44.67 80.73 1.51 0.87 66.29
66 20-122  s2.44 2.38 64.22 179.48 1.28 0.50 81.02 231 23-125 19690  2.58 40.93 69.29 1.59 0.97 63.82
&7 34-36 52.77 2.40 63.46 173.69 1.29 0.51 30.60 23-1 26-128  196.92 2.52 40.90 69.20 1.57 0.97 63.27
71 20-122 5441 2.59 42.63 74.32 1.56 0.94 65.58 232 08-110 19799 250 431.61 71.34 1.53 0.90 65.66
72 20-122 5591 270 477 71.74 1.60 0.96 65.66 233 56-58  198.78 250 43.01 75.48 1.54 0.92 65.10
73 20-122 57.41 2.73 431.32 76.43 1.58 0.93 67.38 23-4 26-128  200.56 2.67 42.15 72.86 1.59 0.94 65.82
14 20-122 58.91 277 42.89 75.11 1.60 0.95 67.32 236 64-66 202.49 2.65 44.36 79.73 1.55 0.89 67.67
81 20-122 6£3.90 2.72 4437 79.77 1.56 0.91 68.19 237 34-36 203.46 2.52 42.97 75.35 1.54 0.92 65.28
8-2 18-120  65.39 2.66 48.36 93.65 1.50 0.82 71,14 229 76-78  205.37 247 45.28 82.73 1.50 0.87 66.95
83 15-117 66.82 2.68 19,08 66.60 1.62 1.01 63.82 24-1 14-16 205.52 2.53 43.42 76.75 1.54 0.91 65.73
84 20-122 6840 258 44.44 79.99 1.54 0.89 6716 24-2 30-132  207.89 249 40.41 67.80 1.57 0.98 62.57
8-5 20-122 6990 272 41.79 71.79 1.60 0.97 65.86 243 76-78  208.74 254 /.72 65.88 1.60 1.01 62.36
86 81-83 71.01 21 45.01 81.84 1.55 0.89 68.68 24-4 13-115 210,40 2.66 40.39 61.77 1.61 1.00 64.02
91 20-122 73.41 2.63 4521 £2.53 1.53 0.88 68,22 24-5 58-60 211.34 2.55 40.98 69.43 1.58 0.99 63.64
9.2 20-122 74.91 2.61 46.20 85.87 1.52 0.88 68.90 24-6 00-102  212.96 2.49 38.66 63.01 1.60 1.05 60.80
9.3 86-88 76.06 2.79 43132 76.42 1.59 0.96 67.85 247 46-48 213.81 2.44 37.93 61.12 1.60 1.05 59.58
9.4 20-122 77.90 2.70 44.22 79.27 1.56 0.91 67.92 24-8 17-19 214.88 2.53 39.52 65.33 1.60 1.00 62.05
9.5 20-122 79.40 2.54 47.01 88.71 1.49 0.84 69.04 249 8-10 215.97 2.49 39.76 66.00 1.58 1.02 61.88
9.6 20-122 £0.90 2.5% 46.77 97.86 1.50 0.85 68.89 25-1 26-128  216.03 2.59 43.57 77.21 1.55 0.97 66.45
10-1 20-122 £2.90 2.69 45.44 83.27 1.54 0.88 68.89 252 0-122  217.50 2.57 40.09 66.90 1.60 1.00 63.00
10-2 20-122 84.40 2.5% 41,97 78.47 1.54 0.90 66.42 25-3 69-71 218.45 2.59 36.26 56.88 1.66 0.96 59.30
103 20-122 8590 271 43.68 77.55 Us7 091 6746 254 49-51  219.56 252 37.31 59.50 1.63 1.06 59.74
104 20-122 8740  2.67 42.52 71,96 158 0.95 616 25.5  65-67  221.59 252 40.88 69.13 1.57 0.90 63.29
10-5 18-120 88388 257 43.74 77.78 1.54 0.92 66.43 256  41-43 2273 .67 38.04 61.39 1.65 1.06 61.84
10-6 48-50 £9.68 2.64 43.04 75.56 1.57 0.94 66.36 257 34-36 223,88 2.719 39.00 63.93 1.66 1.02 63.82
112 2426 9272 2.6l 44,75 81.00 1.54 0.88 67.66 el 20 e 26 3 748 1.5 60
11-3 02-104 94,70 2.41 49.60 98,40 1.44 0.78 70.19 26-2 91-93 226.26 2.50 36.90 58.47 1.63 1.08 59.08
11-4 20-122 96.17 2.56 43.98 78.51 1.54 0.91 66.50 26-3 84-86 221.36 2.58 37.61 60.28 1.64 1.07 60.56
11-5 20-122 97.47 2.61 19.23 64.55 1.62 1.04 £2.50 26-4 B4-86 228.52 2.59 43.54 77.10 1.55 0.92 66.39
11-6 20-122  98.78 2.58 42.48 73.85 1.56 0.95 65.32 26-5 5-7 229.06 2.66 36.43 57.30 1.68 1.10 60.12
117 24-26 9925 2.53 42.35 71.46 156 0.96 e 266  30-32 23041 2.51 36.84 58.32 1.63 1.08 59.15
12-1 24-26 100,90 2.60 38.08 61.50 1.64 1.06 61.28 26-7 30-32 231.87 2.57 35.69 55.51 1.67 1.12 58.49
12-2 18-120  102.98 2.57 40,39 67.77 1.59 0.99 63.23 26-8 30-32 233.06 2.66 3274 48.67 1.74 1.21 56.09
123 20-122  104.27 256 18.57 62.79 1.62 1.06 6134 271 68-T0  234.57  2.80 38.20 61.80 1.68 1.07 63.11
124 02-104  105.39 2.53 35.15 54.21 1.66 1.17 57.54 2712 14-116  236.49 279 374 59.83 1.69 1.10 62.20
12-5 24-26 106.01 2.75 317.44 50,85 1.68 1.12 61.89 27-3 20-122  238.04 2.74 38.16 61.72 1.67 1.07 62.51
12-6 20-122  108.10  2.62 35.11 54,10 1.69 1.19 58.28 27-4 86-88 23915 264 39.68 65.77 1.62 1.02 63.19
12-7 20-122  109.95 242 39.46 65.19 1.57 1.02 60.96 215 20-122 24096 274 36.21 56.76 1.70 1.13 60.54
12-8 59-61 110.13 2.59 18.23 61.90 1.63 1.08 61,32 27-6 68-70 241.92 2.57 35.41 54.83 1.67 1.14 58.18
13-1 59-61 110.70 2.71 47.47 90,36 1.52 0.86 70.83 28-1 20-122 24452 2.66 37.25 59.35 1.66 1.14 60.95
13-2 20-122  112.49 2.52 41.34 70.48 1.57 0.39 63.73 28-2 20-122 24592 27 38.62 62.93 1.65 1.07 62.76
133 16-118 11373 2.55 38.44 62.45 162 1.06 6111 283 1S-117  247.21 257 4118 70.02 1.58 0.97 64.02
134 20-122 11504 2.56 36.97 58.66 1.64 112 59.77 284 20-122 24872 271 3714 59.09 1.68 L1 61.27
135 20-122 11632 256 40.52 68.11 1.59 1.02 63.30 28-5  18-120 250.11  2.85 35.40 54.80 1.74 1.20 60.65
13-6 B4-86 117.29 2.59 42,78 74.78 1.56 0.96 65.67 28-6 92-94 251.52 272 37.51 60.02 1.67 1.10 61.72
13-7 20-122  118.87 2.51 42.44 73.75 1.55 0.93 64.65 28-7 30-32 252.08 2.64 35.57 55.21 1.69 1.13 59.04
14-1 20-122  120.67 2,75 32.93 49.09 1.76 1.25 5711 29-2 24-126  255.47 2.60 9 48.79 1.72 122 55.62
14-2 20-122  121.88 2.65 41.66 71.41 1.59 0.98 65.20 29-3 06-108  256.71 2.70 32.56 48.27 1.76 1.24 56.25
14-3 20-122 12311 2.60 19,71 65,85 1.61 1.03 62.87 29-4 20-122 25807 215 34.00 51.52 1.74 1.21 58.31
144 M-36 12363 265 41.15 69,94 1.60 0.88 64.67 29-5  56-58 25892  2.64 31.28 45.53 1.76 1.28 54.23
145 34-36 12485 2.56 38.30 62.07 1.62 1.05 61.10 2946  56-58  260.46 292 28.15 2917 1.91 1.27 52,95
146  B5-87 12648  2.61 43.63 77.38 1.55 0.92 €6.67 297 84-86 26171  2.64 31.06 45.05 .77 1.26 54,03
147 3436 12729 261 42.60 74.20 1.57 0.96 65.69 301 50-52 26290  2.55 28.60 40.05 1.78 1.34 50.18
15-1 34-36 12949 2.6l 35.52 55.09 1.68 1.13 58.67 30-3 54-56 26594 279 31.67 46.35 1.80 1.32 56.09
15-2 20-122 13149 232 42.87 75.05 1.50 0.90 63.28 304 49-5] 267.39 2.56 33131 49.95 1.70 1.19 55.81
15-4 BE-90 133.76 2.63 37.63 60.33 1.65 1.08 61.06 30-5 19-121  269.59 2.67 3116 49.62 1.74 1.22 56.63
15-5  88-90 13503 259 19.21 64.55 1.62 1.03 62.31 31-1 19-121  273.10  2.64 39.57 65.49 1.62 1.05 63.12
15-6 B4-86 136.26 2.63 38.18 61.75 1.64 1.06 61.59 312 21-123  274.61 2.78 36.58 57.69 L.70 1.14 61.27
157 34-36 13701 245 40.91 69.24 1.56 0.37 62.69 313 54-56 27544 256 33.33 50,00 1.70 1.20 55.84
16-1 20-122 13946 2.22 47.53 90.60 1.42 0.86 66.57 32-1 80-82 28140  2.68 33.80 51.07 1.73 1.20 57.48
16-2 20-122  141.27 2.25 45.45 8332 1.45 0.90 64.98 33-1 20-122  292.10 2.70 32.72 48.64 1.75 1.22 56.46
163 20-122 14277 2.47 19.36 64.91 1.58 1.08 61.32 332 09-111 29348  2.68 32.64 48.46 1.78 1.22 56.16
16-4 20-122 144,12 2.53 40.37 67.70 1.58 1.06 62.89 333 79-81 294.67 2.66 28.43 39.73 1.83 1.35 51.03
16-5 20122 145.62 2,32 41.79 71.79 1.51 0.98 62.22 334 50-52 295.90 2.69 31.69 50.81 1.713 1.18 57.40

these units occurs where both the carbonate and grain-density
profiles are at a minimum value (25% and 2.3 g/cm?, respec-
tively).

The problems with gas at this site precluded measuring any
complete compressional-wave-velocity profiles. The velocity de-
creased from about 1.59 km/s at the mud line to about 1.50
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km/s at 40 mbsf (Fig. 31). Over the same depth range, the wet-
bulk density is essentially constant. Hence, we concluded that
the negative velocity gradient over these upper few cores indi-
cates increasing gas content. Below this depth, the attenuation
was so high that neither the Hamilton Frame nor the PWL,
with propagation frequencies of 400 kHz and 500 kHz, respec-



Table 8. Index-properties data for Hole 658B.

Table 8 (continued).

SITE 658

Wet-water  Dry-water Wet-bulk  Dry-bulk ‘Wet-water  Dry-water . W-h_ulk Dry-b_ulk
Interval  Depth content content Porosity dmsil; densi;! Interval  Depth content content Porosity demm; densit
Section (cm) (m) (%) (") (%) (g/cm”) (g/cm”) Section (em) (m) (%) (%) (o) (g/em”) (g/em”)
1-1 120-122 1.21 58.06 138.42 71.35 1.39 0.60 16-3 120-122  139.51 47.93 92.06 69.76 1.52 0.80
1-2 15-17 1.66 57.92 137.65 77.26 1.39 0.60 16-4 120-122  141.01 39.47 65.20 62.25 1.64 1.00
2-1 120-122 3.48 56.06 127.57 75.95 1.42 0.64 16-6 50-52 142.35 36.45 57.37 59.26 1.69 1.08
2-2 120-122 4.95 47.53 90.60 69.43 1.52 0.81 17-2 120-122 146.45 39.67 65.76 62.44 1.64 1.00
2-3 120-122 6.42 43.92 78.30 66.35 1.57 0.89 17-3 32-34 146.95 43,93 78.35 66.36 1.57 0.89
24 120-122 7.89 47.55 90.66 69.45 1.52 0.81 17-5 50-52 149.18 45.30 B2.80 67.55 1.55 0.86
2-5 81-83 9.36 42.10 72.72 64.72 1.60 0.93 17-7 50-52  150.89 41.84 71.93 64.48 1.60 0.94
2-6 120-122 10.83 41.00 69.50 63.70 1.61 0.96 17-8 50-52 152.32 42.18 72.94 64.79 1.60 0.93
2.7 50-52 11.60 42.14 72.83 64.75 1.60 0.93 18-1 50-52 154.81 33.67 50.76 56.33 1.73 1.16
il 120-122 12.96 47.65 91.02 69.53 1.52 0.81 18-3 120122  157.13 38.53 62.68 61.34 1.65 1.02
3.2 120-122 14.07 51.46 106.02 72.56 1.47 0.73 18-5 50-52 157.84 41.22 70.11 63.90 1.61 0.96
i3 120-122 15.42 46.56 87.11 68.62 1.53 0.83 18-6 120-122  159.86 37.34 59.59 60.16 1.67 1.06
34 120-122 16.72 49.31 91.27 70.87 1.50 0.77 18-7 120-122  161.01 32.48 48.10 $5.03 1.76 1.19
3.5 67-69 17.44 46.62 87.34 68.67 1.53 0.83 18-8 50-52 161.51 33.34 50.01 55.97 1.74 1.17
3-6 120-122 19.15 47.81 91.59 69.66 1.52 0.80
4-1 120-122 22.51 37.07 58.92 59.89 1.68 1.06
42 120122 2401 46.50 86.93 68.57 1.54 0.83 . i -
43 120-122 2551 4844 93.94  70.17 1.51 0.79 tively, could obtain results of sufficient accuracy. We attempted
33 bl o4 R e he = o to calculate the volume of gas present in the sediment (excluding
46  120-122 3001  45.70 84.17 67.89 1.55 0.85 the expansion that caused large voids in the cores) by looking at
T e e s s B o 2 the difference between the sample volume measured directly from
53 120-122 3399 63.85 176.65 81.14 1.33 0.50 the pycnometer and that calculated from wet and dry wex?lhts i;.lnd
34 1R 952 A L 138 0.90 i ity. However, these differences were so small that t
5-5 120-122 36.54 42.91 75.16 65.45 1.59 0.92 gram d?ns.“'y ? . AT w Y
56 80-82  37.34 4210 7271 64.71 1.60 0.94 were within the realm of experimental uncertainties. e con-
= lm 38.49 :54-:: 34-;* gg-?i 1 g:; cluded, therefore, that the free gas content of the cores in the
41.41 v 81.23 , 3 . M - . . i
62  120-122 4271 4393 78.35 66.36 157 0.89 laboratory was <2%. One possible interpretation of the seismic
63 120-122 4391 4624 86.01 68.35 1.54 0.84 records indicates velocities as low as 900-940 m/s in the sedi-
6-4 120-122 45.01 44.77 81.05 67.09 1.56 0.87 1 i =
6S  120-122 4601 4292 7520 6546 139 g ments between 32 and 227 'mbsf. Only free gas in situ could ac
6-6  120-122 4691 4374 77.74 66.19 1.57 0.90 count for such low velocities.
7-1 120-122 50.92 57.78 136.87 77.16 1.40 0.61 - 1 1 1
T3 100135 205 ek 039 EEbt 156 048 All the whole_ core sections were c_ontmuouslg Iogg:dd 1;51][‘:3
73 120122 5349 45.92 84.92 68.08 1.54 0.85 the GRAPE, which, at this site, provided a good record of the
74 120-122 54.65 41.11 69.80 63.80 1.61 0.96 iti voi fore splitti the cores.
7-5 120-122 55.72 45.22 82.54 67.48 1.55 0.86 pOSI{lOﬂS Of the dS be = P ng
7-6 120-122 56.71 44.48 80.12 66.84 1.56 0.88 SEISMIC STRATIGRAPHY
8-1 120-122 60.45 43.67 77.53 66.13 1.58 0.90
- 120-122 1.54 45.9 N X . X * 3
:§ 120-122 22;5 42_33 2;,‘,3 2:_3 :i; 3_3; Precision-depth-recorder (3.5- and 12-kHz) and 20- to 500-
B4 120-122 6410  44.85 8l32 6116 1.56 0.87 Hz reflection profiles were recorded at Site 658 (see *“Back-
2 eir u oo s i i ground and Scientific Objectives” section, this chapter). The
92 120-122 7121 45.28 82.76 67.54 1.55 0.86 3.5-kHz echogram was produced by a hull-mounted transducer
L e a4 adl o e R o and revealed a fairly uniform seismic section of two conform-
9.5  120-122 7451  43.79 77.90 66.23 1.57 0.89 able sub-bottom reflectors down to approximately 40 mbsf (Fig.
96  120-122 7541  43.80 77.93 66.24 1.57 0.89 32).
31 mear wo o 4] sua - o The 20- to 500-Hz seismic record is characterized by a series
10-1 134-136 79.40 46.16 85.74 68.29 1.54 0.84
:&i z—_;g ;?;; ‘;f;'iﬁ 1;:-31) gi:‘: :ig g-_’;‘; of five, mostly conformable, seismic units with parallel internal
104 120-122 8274 4216 7289 6477 160 0.93 reflectors (Fig. 33; Table 12). The base of the total series has a
10-5 34-36 8329 41.81 71.85 64.45 1.60 0.94 distinct bowl shape. The thin upper seismic unit (unit 1) with
10-6 120-122 85.45 42.40 73.63 64.99 1.59 0.93
107 130122 8671 4458 80.45 66.93 1% 0,45 two conformable sub—bqttom re{l'lectors efxtepds cl_own to O.Q-‘-I s
112 1201122 89.33  44.61 80.53 66.95 1.56 0.88 below the seafloor and is an artifact. Seismic unit 2 comprises
N3 e o4 aa . 22 e 0 0.16-s two-way traveltime and contains a transparent layer 0.025
116 34-36 9288 41.88 72.06 64.51 1.60 0.94 s thick above and six strong conformable reflectors below. At
by Ao N o ae o o b their base is another thin transparent layer, occasionally with a
122 3436 9905 3734 59.59 60.16 167 1.06 faint reflector in the center. Seismic umt_3 is 0.065'5 tl.uck and
123 8436 10045  38.98 63.89 6178 1.65 1.01 consists of four strong reflectors enclosing two seismic layers
12-4 120-122  101.85 38.13 61.62 60.94 1.66 1.04 h ineh h h fth .t l t. h
12-5 120-122  103.13 18.66 63.02 61.46 1.65 1.02 that pinc out to the west, Owe\"e.r, east ? : € §1 0_: oca 101:1 gac
'z'g K?g 104.08  36.01 56.27 58.80 1.69 1.09 of these layers reaches 0.035 s thick. Seismic unit 4 consists of
i e e A o Py eight to nine reflectors that become fainter and more bowl-
132 120-122 10805 38.29 6206 611 1.66 1.03 shaped with increasing sub-bottom depth in the 0.23-s-thick
i e 194 3640 ¥l Aw L% 187 section. Seismic unit 5 is 0.25 s thick and again shows about
13-4 95-97 110.79 38.54 62.72 61.35 1.65 1.02 . &
13-5 48-50 11179 43.33 76.48 65.83 1.58 0.91 seven strong, bowl-shaped reflectors, with one or two possible
13-6 120-122 113,98 42.53 74.02 65.11 1.59 0.92 3
142 88-90  117.48 4238 73.56 64.97 1.59 0.93 onlaps in the center. ) i ’
144 12-14  119.62  38.00 61.29 60.81 1.66 1.04 The source of these reflectors was difficult to determine, pri-
N hm e N o = 1 10 marily because of the probability of free gas in the sediments.
153 120-122  128.69  39.69 65.81 62.46 1.64 0.99 On one hand, this gas prevented our measuring sound velocities
156 48-50 13034 4233 73.40 64.93 1.59 0.93 i i ifici . On
57 atee I3tH  seek an b 13 T in the sediment cores and 'creatcd numerous art u::zH gaps. On
158  48-50 133.27 3575 55.63  58.53 1.70 110 the other hand, the gas did not allow us to apply “standard
161 120-122 13651  32.58 4831 55.14 1.75 119 sound velocities (e.g., 1500 m/s) to the interpretation of the
16-2 120-122  138.01 36.60 51.73 59.41 1.68 1.08

seismic profile because these velocities must be much reduced
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SITE 658
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Table 9. Vane-shear-strength data
for Hole 658A.

Vane shear

Interval Depth strength

Section (cm) (m) (kPa)
1-1 120-122 1.21 4.00
1-3 120-122 2.7 2.00
1-4 34-36 4.21 10.00
341 120-122 4.82 1.95
32 120-122 17.91 1.00
33 120-122 19.41 15.00
34 120-122 20.91 12.00
35 120-122 22.40 .00
36 34-36 23.04 16.00
4-1 120-122 25.90 12.00
4-2 120-122 27.40 21.50
4-3 120-122 28.90 33.30
4-4 120-122 30.40 32.00
4-5 120-122 31.90 21.00
4-6 120-122 33.40 11.00
5-1 84-86 35.05 22.00
5-2 120-122 36.82 8.00
5-3 120-122 38.28 18.00
5-4 120-122 39,73 11.00
5-5 120-122 41.19 11.50
5-6 120-122 42.65 38.00
57 34-36 43.27 40.50
61 84-86 44.50 28.00
6-2 120-122 46.40 24.50
6-3 120-122 47.91 19.50
6-6 120-122 52.40 30.00
67 34-36 52,1 10.50
7-1 120-122 54.41 12.50
72 120-122 55.91 21.00
7-3 120-122 57.41 18.00
T4 120-122 58.91 11.00
8-1 120-122 63.90 12.00
8-2 118-120 65.39 12.00
8-3 115-117 66.82 12.00
8-4 120-122 68.40 15.00
8-5 120-122 69.90 12.00
8-6 81-83 71.01 14.00
9-1 120-122 73.41 13.00
9-2 123-125 74.91 12.00
9-3 86-88 76.06 25.00
94 120-122 77.90 35.00
9-5 120-122 79.40 62.00
9-6 120-122 80.90 52.00
10-1 120-122 82.90 16.00
10-2 120-122 84.40 12.00
10-3 120-122 85.90 15.00
10-4 120-122 87.40 10.00
10-5 118-120 88.80 34.00
10-6 48-50 89.68 28.00
11-2 24-26 92.72 12.00
11-3 102-104 94.70 14,00
11-4 120-122 96.17 27.00
11-5 120-122 97.47 16.00
11-6 120-122 98.78 34.00
11-7 24-26 99.25 23.00
12-1 24-26 100.90 34.00
122 118-120 102.98 34.00
12-3 120-122 10427 37.00
12-4 102-104 105,39 41.00
12-5 24-26 106.01 54.00
12-6 120-122  108.10 31.00
12-7 120-122  109.95 53.00
12-8 59-61 110,13 36.00
13-1 59-61 110.70 28.00
13-2 120-122  112.49 54.00
13-4 120-122  115.04 47.00
133 116-118 113.73 40.00
13-5 120-122 11632 53.00
13-6 B4-86 117.29 50.00
13-7 120-122  118.87 28.00
14-1 120-122  120.67 33.00
14-2 120-122  121.88 25.00
143 120-122  123.11 60.00
14-4 34-36 123.63 30,00
14-5 34-36 124.85 41.00
14-6 85-87 126.48 48.00
14-7 34-36 127.29 37.00
15-1 34-36 129.49 39.50
15-2 120-122 131.49 54.00
153 120-122 132,99 40.50
15-4 BE-90 133.76 50.00
15-5 §8-90 135.03 54.50
15-7 34-36 137.11 51.50
16-1 120-122  139.45 51.00
16-2 120-122  141.27 51.00
16-3 120-122 142.77 43.00

Table 9 (continued).

Vane shear
Interval  Depth strength
Section {em) (m) (kPa)

16-4 120-122 144.12 100.00
16-5 120-122 145.26 90.00
16-6 120-122 147,12 59.90
17-1 120-122 14818 52.20
17-2 14-36 150.04 58.50
17-3 120-122  152.40 88.00
17-4 120-122  153.90 42.00
17-5 34-36 154.54 52.50
17-6 34-36 156.04 38.50
19-1 84-86 158.59 9.50
19-2 34-36 160.08 33.50
19-3 84-86 160.88 40.50
19-4 120122 162.61 54.50
19-5 84-86 163.26 41.00
19-6 34-36 164.38 41.50
19-7 120-122  166.34 32.00
20-1 120-122 168,15 10.00
20-2 B4-B6 169.29 5.00
20-3 34-36 169.50 33.00
20-7 84-86 173.58 27.00
20-8 120-122 17432 9.00
20-9 84-86 175.46 53.00
21-1 110-112  177.80 32.00
21-2 84-86 178.81 29.00
214 110112 181.46 47.00
21-5 120-122  182.76 45.00
21-6 54-56 183.45 54.00
222 71-73 188.34 50.00
22-5 §7-89 192.99 16.00
227 100-102  195.16 37.00
23-1 123-125 196,92 39.00
232 108-110  197.99 32.00
233 56-58 198.78 41.00
234 126-128  200.56 38.00
23-5 35-37 201.14 34.00
23-6 64-66  202.49 28.00
23-7 34-36  203.46 42.00
23.9 76-78  205.37 33.00
24-1 14-16  205.52 33.00
24-2 130-132  207.89 22.00
24-3 76-78 208.74 38.00
24-4 113-115  210.40 29.00
24-5 58-60 211.34 8.00
24-6 100-102  212.96 55.00
247 46-48  213.81 33.00
24-8 17-19 214.88 40.00
24-9 B8-10 215.97 31.00
25-1 126-128  216.03 7.00
25-2 120-122 217.50 28.00
25-3 69-71 218.45 34.00
254 49-51 219.56 45.00
25-§ 65-67 221.59 29.00
25-6 41-43 222.73 5.00
257 34-36 223.88 45.00
26-1 21-23 226.04 56.00
26-5 5-7 229.06 41.00
26-7 30-32 23157 54.00
26-8 30-32  233.06 52.00
27-1 68-70  234.57 32.00
21-2 114-116  236.49 66.00
271-5 120-122  240.96 55.00
27-6 68-70 241.92 60.00
28-1 120-122  244.52 15.00
28-2 120-122  245.92 29.00
28-3 115-117 247.27 26.00
28-4 120-122  248.72 54.00
28-5 118-120  250.11 91.00
28-6 92-94 251.52 50.00
28-7 30-32  252.08 39.50
29-2 124-126  255.47 57.00
29-3 106-108  256.71 54.00
29-4 120-122  258.07 57.00
29-5 56-58 258.92 68.00
29-6 56-58 260.46 41.00
29-7 84-86  261.71 $8.00
30-1 50-52  262.90 83.00
30-3 54-56 265.94 59.00
30-4 49-51 267.39 39.50
30-5 119-121  269.59 37.00
311 119-121  273.10 31.00
31-2 121-123  274.61 42.00
31-3 54-56 275.44 100.00
32-1 80-82  281.40 60.00
331 120-122  292.10 90.00
332 109-111  293.48 95.00
333 79-81 294,67 96.00
334 50-52 295.90 58.00




Table 10. Vane-shear-strength

data for Hole 658B.
Vane shear

Imerval  Depth strength

Section (cm) (m) {kPa)
I-1 120-122 1.21 3.20
2-1 120-122 348 160
2-2 120-122 4.95 2.40
23 120-122 6.42 4.60
2-4 120-122 7.89 10.10
2.5 81-83 9.36 7.80
2-6 120-122 10.83 6.20
27 50-52 11.60 14.20
31 120-122 12.96 12.40
3.2 120-122 14.07 5.40
33 120-122 15.42 12.60
3-4 120-122 16.72 13.60
3-5 67-69 17.44 19.60
36 120-122 19.15 11.00
4-1 120-122 22.51 8.00
4-2 120-122 24.01 16.60
4-3 120-122 25.51 10.60
4-4 120-122 27.01 18.00
4-5 120-122 28.51 17.50
4-6 120-122 30.01 19.20
5-1 120-122 3124 12.20
52 120-122 32.64 16.80
5-3 120-122 3399 7.20
5-4 120-122 35.29 14.60
5-5 120-122 36.54 18.20
5-6 80-82 37.34 16.60
5-7 46-48 38.49 12.00
6-1 120-122 41.41 34.00
6-2 120-122 427 37.50
6-3 120-122 43.91 29.50
6-4 120-122 45.01 33.00
6-5 120-122 46.01 36.00
6-6 120-122 46.91 34.00
7-1 120-122 50.92 24.50
7-2 120-122 52.25 30.00
73 120-122 53.49 28.00
7-4 120-122 54.65 28.00
7-5 120-122 55.72 30.00
7-6 120-122 56.71 42.00
81 84-86 60.45 35.50
8-2 B4-B6 61.54 49.50
83 84-86 62.85 47.00
84 120-122 64.10 34.00
8-5 34-36 65.29 40.50
B-6 120-122 66.41 34.00
9-2 120-122 T1.21 3L.00
9-3 120-122 7241 40.00
9-4 120-122 7351 35.00
9-5 120-122 74.51 35.50
9-6 120-122 75.41 39.50
9-7 120-122 76.21 40.50
10-1 34-36 79.40 40.00
10-2 34-36 79.717 40.50
10-3 84-86 B1.23 35.00
10-4 120-122 82.74 34.00
10-5 34-36 83.29 34.00
10-6 120-122 B85.45 12.50
10-7 120-122 86.71 41.00
11-2 120-122 89.33 31.00
11-3 34-36 89.73 35.50
11-4 120-122 91.85 38.50
11-6 34-36 92.88 45.00
11-8 120-122 95.44 29.00
12-1 34-36 97.65 52.00
12-2 34-36 99.05 30.00
12-3 B4-86 100.45 51.00
12-4 120-122  101.85 53.50
12-5 120-122 103.13 64.50
12-6 84-86 104.08 34.00
12-7 120-122  105.65 15.00
13-1 28-30 107.02 51.00
13-2 120-122 10805 £4.00
13-3 120-122  109.54 51.00
13-4 95-97 110.79 60.00
13-5 48-50 111,77 51.00
13-6 120-122 11398 61.00
14-1 88-90 115.14 51.00
14-2 88-90 117.48 52.00
14-4 12-14 119.62 51.00
14-5 48-50 121.32 £5.00
14-7 18-20 123.49 55.00
15-3 120-122  128.69 98.00
15-4 110-112  129.80 78.00
15-5 120-122  129.85 99.00
15-6 48-50 130.34 45.00
15-7 48-50 131.17 71.00
15-8 48-50 133.27 66.00
16-1 120-122 136.51 79.00
16-2 120-122  138.01 £6.00
16-3 120-122 139.51 B2.00
16-4 120-122 14101 92.00
16-6 50-52 142.35 73.00
17-2 120-122 146,45 37.00

SITE 658

Table 11. Compres-
sional-wave velocity
data for Site 658.

P-wave
Depth  velocity
Section (m) (km/s)

Hole 658A
1-1 1.21 1.61
1-2 2.71 1.56
1-3 4.21 1.57
1-4 4.82 1.57
3-1 16.41 1.54
32 17.91 1.53
33 19.41 1.51
3-4 20.91 1.56
35 22.40 1.57
3-6 23.04 1.55
Hole 658B
1-1 1.21 1.55
1-2 1.66 1.60
2-1 3.48 1.56
22 4.95 1.64
23 6.42 1.57
2-4 7.89 1.60
2-5 9.36 1.57
2-6 10.83 1.55

Z1 11.60 1.57
3-1 12.96 1.54
3-2 14.07 1.63
33 15.42 1.62
3-4 16.72 1.62
3-5 17.44 1.54
3-6 19.15 1.49
4-1 22.15 1.59
4-2 24.01 1.50
4-3 25.51 1.49
4-4 27.01 1.54
4-5 28,51 1.55
4-6 30.01 1.55
5-1 31.24 1.50
5-2 32.64 1.52

5-3 33.99 1.55
54 35.29 1.50
5-5 36.54 1.48
5-6 37.34 1.52
57 38.49 1.10

by the prescence of the gas. We were able to perform a first ap-
proximation for the actual sound velocities in two independent
ways.

First, we were able to draw a chord across the bowl-shaped
seismic structure (Fig. 33). This chord connects the base reflec-
tors on either margin of the bowl and parallels conformable re-
flectors near the top of the section. Thus, this chord presents
the theoretical depth of the base reflector in case the sediment
thicknesses remain constant and the sound velocities do not de-
crease from the margin to the center of the bowl-shaped seismic
section. Thus, the difference in traveltime between the chord
and the base reflector of the bowl-shaped structure corresponds
to a mere delay of seismic signals, i.e., it allows us to calculate
the actual reduced velocities in gaseous sediments. Based on this
reasoning, the ratio of the traveltimes of intervals A-B and A-C
at the site profile (1:1.59) is inversely proportional to that of the
respective sound velocities, i.e., if we assume for interval A-B a
theoretical velocity of 1500 m/s, which is characteristic of wa-
ter, we obtain a probable velocity of about 950 m/s for interval
A-C.

Our second approach to the problem with sound velocity was
based on values of sediment depth for seismic units 1 and 2, as
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Figure 25. Wet-bulk-density profiles.
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revealed from the sediment record at Site 658. Here, the 31- to
34-m-thick lithostratigraphic Subunit IA with measured sound
velocities of 1540-1500 m/s may correspond to seismic unit 1.
The bottom of lithostratigraphic Subunit IB is a major hiatus
near 100 mbsf (see “Lithostratigraphy and Sedimentology” and
“Biostratigraphy” sections, this chapter), which probably corre-
lates with the first distinct seismic unconformity at level A in
Figure 33. Accordingly, the 70 m of lithologic Subunit IB would
correspond to 0.16-s two-way traveltime of seismic unit 2 and,
thus, to a sound velocity of almost 900 m/s, a value slightly
lower than the first raw estimate of the velocity between levels A
and C.

We may try to interpret the middle part of the seismic section
by extrapolating downcore the velocity estimate of 900 m/s. In
this case, seismic unit 3 would be equal to a 30-m thickness and
seismic unit 4 to a 95-m thickness. Both units combined would
correspond to the thickness of lithostratigraphic Unit I1. Litho-
stratigraphic Unit 1II would lie below level C, corresponding to
the upper part of seismic unit 5, and would reach down to level
D, assuming a somewhat higher sound velocity of 1050 m/s.

This attempted interpretation agrees with the gross seismic
character of the profile. The bowl-shaped seismic unit 4 is in-
creasingly transparent downward and may reflect the exceed-
ingly high carbon and probable gas contents of lithostrati-
graphic Unit I1. The stronger reflectors of seismic unit 5 may re-
sult largely from the high content of siliciclastic silt, i.e., the
coarser grained zones in lithostratigraphic Unit III. In analogy
with the geologically recent slump escarpment west of Site 658,
the offlaps in seismic unit 3 are interpreted as another buried
slump escarpment, the lost sediments of which may have been
partially found in a contemporaneous mudflow unit in the up-
per sediment section at Site 657 (Site 657 chapter, this volume).
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Table 12. 50- to 500-Hz seismic correlations at Site 658.

SITE 658

Base of Reflector -
seismic  sub-bottom Depth é]'n) ml:ll Ve 10 Cumulative
unit depth Procecing reliector depth Age Lithologic
Level numbers (s) 1520 m/s =900 m/s =1050 m/s (mbsf) Source (Ma) unit
1A
1 0.04 32 32 Artifact ~023
IB
(A) 2 0.20 70 102 Top of hiatus <0.7 REg S
zone
3 0.265 30 132 Base of hiatus 7~2.0 I
zone
(C) 4 0.48 95 227 Increase of 303 _
siliciclastic
silt
(D) 5 0.63 73 300 Total penetra- 11
tion depth
>3.6

COMPOSITE-DEPTH SECTION

At Site 658, two parallel holes were drilled with staggered
core depths to obtain a complete hemipelagic sediment record
(eight additional cores from Hole 658C were reserved for special
organo-chemical studies and were not investigated on board ship).
The 18 cores from Hole 658B overlap with those from Hole
658A down to about 164 mbsf. The recovered lithologic inter-
vals are essentially identical in both holes (see “Lithostratigra-
phy and Sedimentology” section, this chapter); however, the
high gas pressure at this site below about 35 mbsf caused numer-
ous voids and, in part, strong disturbance of the core recovery,
which markedly aggravated or prevented any correlation between
Holes 658A and 658B. Nevertheless, we succeeded in correlating
the uppermost 10 cores through to about 85 mbsf (approximately
0.6 Ma) in great detail by comparing continuous magnetic-sus-
ceptibility curves, which show marked short-term fluctuations
(see “Paleomagnetism” section, this chapter, Fig. 18). No reli-
able markers were available for a between-hole correlation far-
ther down.

The nominal sub-bottom depth (based on the drilling record)
of the susceptibility-curve features is displaced by up to 2 m be-
tween Holes 658A and 658B. The direction of the offset changes
somewhat downhole (Fig. 34). Because most gains and losses in
core length are tied to breaks between succeeding cores or to the
voids within, we regard them as artifacts related to the coring
process, to contortions by release of gas pressure, or to ODP
conventions of recording depths (see “Operations” section, this
chapter).

Table 13 presents a correlation of core depths between both
holes. The following criteria and rationales were applied to
reach a complete and largely uncontorted composite-depth sec-
tion:

1. The uppermost Cores 108-658A-1H and -658B-1H contain
an equally well-preserved record of the uppermost sediment por-
tion. We chose Hole 658A as the major reference unit for assem-
bling a composite-depth section at this site because it posed fewer
problems with the definition of nominal penetration depths.

2. Points in the undisturbed portion of the sediment cores
that approximate the upper and lower boundary of those cores
were used as switch points to generate a continuous “pathway”
of between-hole correlation. However, we were unable systemat-
ically to accumulate gains and losses in core length downhole
because it was impossible to adjust fully for voids.

3. Our correlations led to a complete overlap of sections of
“good core” between both holes down to a composite depth of
about 85 mbsf. This composite-depth section will be most valu-
able once the artificial gaps in the cores are closed “on paper,”

Table 13. Composite-depth levels used to correlate cores
in Holes 658A and 658B.

Hole 658A Hole 658B
Composite
Core/section  Depth  Core/section Depth depths
(cm) (m) (cm) (m) (mbsf)
1H-1, 20 0.2 1H-1, 10 0.1 0.2
1H-2, 50 2.0 1H-2, 50 2.0 2.0
1H-3, 80 3.8 2H-1, 35 2.65 3.8
1H-4, 70 5.2 2H-1, 150 3.8 5.2
3H-1, 20 154 3H-2, 95 14.25 15.45
3H-5, 05 21.25 3H-7, 10 20.9 21.25
3H-6, 25 22.95 4H-1, 80 22.1 22.95
3H-6, 90 23.65 4H-1, 135 22.65 23.65
4H-1, 50 25.2 4H-2, 120 24.0 25.2
4H-5, 10 30.8 4H-6, 50 293 30.8
4H-5, 140 32,1 4H-6, 140 30.2 32.1
4H-6, 45 32.65 (M5H-1,70 315 32.65
5H-1, 60 34.8 5H-2, 120 335 34.8
5H-4, 95 39.85 5H-6, 10 38.4 39.85
5H-5, 140 41.6 (7)5H-6, 115 39.45 41.6
5H-6, 50 42.2 6H-1, 65 40.95 42.4
5H-7, 30 43.5 6H-2, 15 41.95 43.5
6H-1, 120 44.9 6H-3, 110 44.4 4.9
6H-4, 135 49.55 6H-6, 125 49.05 49.55
6H-5, 120 50.9 7H-1, 30 50.1 50.9
6H-6, 80 52.0 TH-1, 120 51.0 52.0
7H-1, 50 53.7 7H-2, 100 523 53.7
7H-4, 140 59.1 TH-6, 80 58.1 59.1
8H-1, 55 63.25 8H-2, 35 61.15 63.25
8H-1, 140 64.1 8H-2, 130 62.1 64.1
8H-2, 130 65.5 8H-5, 40 65.7 65.5
8H-4, 140 68.6 8H-7, 40 68.7 68.6
8H-5, -6 6] 9H-1, -2 (4] (4]
9H-1, 80 73.0 9H-3, 30 72.1 73.0
9H-2, 120 74.9 9H-4, 80 74.1 74.9
9H-4, 50 77.2 (7)9H-6, 80 77.1 77.2
9H-4, 120 77.9 9H-6, 135 77.65 77.9
10H-1, 80 82.5 (7)10H-4, 10 82.9 82.5
10H-2, 50 83.7 (M 10H-4, 140 84.2 83.7
~87.0

Note: Composite-depth levels equal to depth levels in Hole 658A.

based on detailed data about all voids. In Figure 23 the great
number of voids and resulting core expansion (because of high
gas content) were managed only by using a very general calcula-
tion approach.

Similar to other sites on this leg, the composite-depth section
(Table 13, Fig. 34) shows how voids and contorted sections in
cores with poor recovery can be bypassed successfully by sam-
pling a companion hole.
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Figure 34. Depth correlation between Holes 658A and 658B through 85 mbsf. Nominal depth below seafloor of penetration and core
numbers appear along the graphs of the single holes.
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SITE 658 HOLE A CORE 16 H  CORED INTERVAL 2402.3-2411.8 mbsl; 138.7-148.2 mbsf SITE 658 HOLE A CORE 17 H  CORED INTERVAL  2411.8-2421.3 mbs 148.2-157.7 mbsf
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SITE 658 HOLE A CORE 18 H CORED INTERVAL 2421.3-2421.5 mbsk; 157.7-157.9 mbsf SITE 658 HOLE A CORE 18 X CORED INTERVAL 2421 .5-2431.0 mbsl: 157.9-167.4 mbsf
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167.4-176.9 mbsf
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SITE 6358 HOLE A CORE 21 X CORED INTERVAL 2440.5-2450.0 mbsl; 176.9-186.4 mbsf SITE 658 HOLE A CORE 21 X CORED INTERVAL 2440.5-2450.0 mbsl: 179.9-186.4 mbsf
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SITE 658 HOLE A CORE 25 X CORED INTERVAL 2478.5-2497.5 mbsl; 214.9-224.4 mbsf
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SITE 658 HOLE B CORE 7 H CORED INTERVAL 2314.0-2323.5 mbsl;: 49.8-59.3 mbsf SITE 658 HOLE B CORE B H CORED INTERVAL 2323.5-2333.0 mvbsl; 59.3-68.8 mbsf
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78.3-87 .8 mbsf
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SITE 658

87.8-97.3 mbsf
aont .

LITHOLOGIC DESCRIPTION

2352.0-2361.5 mbsl;
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SITE 658 HOLE B CORE 12 H CORED INTERVAL 2361.5-2371.0 mbsl; 97.3-106.8 mbsf BITE 658 HOLE B CORE 13 H CORED |INTERVAL 2371.0-2380.5 mbsl; 106.8-116.0 mbsf
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869 9LIS

SITE &58 HOLE B CORE 14 H CORED INTERVAL 2380.5-23%0.0 mbsl; 116.3-125.8 mbsf SITE 658 HOLE B CORE 14 H CORED INTERVAL 2380.5-2390.0 mbsl; 116.3-125.8 mbsf
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SITE 658 HOLE B CORE 15 H CORED INTERVAL 2390.0-2399.5 mbsl; 125.8-135.3 mbsf SITE 658 HOLE B CORE 16 H CORED INTERVAL 2399.5-2408.0 mbsl; 135.3-144.8 mbsf
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SITE 658 HOLE B CORE 17 H CORED INTERVAL 2409 .0-2418.5 mbsl; 144.8-154.3 mbsf SITE 658 HOLE B CORE 17 H CORED INTERVAL 2409.0-2418.5 mbsl; 144.8-154.3 mbsf
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SITE 658 HOLE B CORE 18 H CORED INTERVAL 2418.5-2428.0 mbsl: 154.3-163.8 mbsf SITE 658 HOLE B CORE 18 H CORED INTERVAL 2418.5-2428.0 mbsl; 154.3-183.8 mbsf
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