11. SITE 655: GORTANI RIDGE, WESTERN VAVILOV BASIN!

Shipboard Scientific Party?

HOLE 655A

Date occupied: 8 February 1986

Date departed: 11 February 1986

Time on hole: 2 days, 2 hr

Position: 40°10.33'N 12°27.92'E

Water depth (sea level, corrected m, echo-sounding): 3290
Water depth (rig floor, corrected m, echo-sounding): 3301
Bottom felt (m, drill pipe length from rig floor): 3330.8
Total depth (m): 3421.2

Penetration (m): 90.4

Number of cores: 12

Total length of cored section (m): 90.4

Total core recovered (m): 77.4

Core recovery (%): 85.6

Deepest sedimentary unit cored:
Depth sub-bottom (m): 73.5
Nature: nannofossil ooze
Age: lower Pliocene
Measured vertical sound velocity (km/s): 1.6

! Kastens, K. A., Mascle, J., Auroux, C., et al., 1987. Proc. Init. Repts. (Pt.
A), ODP, 107.
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Igneous or metamorphic basement:
Depth sub-bottom (m): 79.9
Nature: basalt
Velocity range (km/s): 4.4

HOLE 655B

Date occupied: 11 February 1986

Date departed: 13 February 1986

Time on hole: 2 days, 12 hr

Position: 40°11.32'N 12°27.93'E

Water depth (sea level, corrected m, echo-sounding): 3290
Water depth (rig floor, corrected m, echo-sounding): 3301
Bottom felt (m, drill pipe length from rig floor): 3330.8
Total depth (m): 3526.9

Penetration (m): 196.1

Number of cores: 12

Total length of cored section (m): 114.9

Total core recovered (m): 49.4

Core recovery (%): 43

Deepest sedimentary unit cored: none

Igneous or metamorphic basement:
Depth sub-bottom (m): 81.2
Nature: basalt
Velocity range (km/s): 4.4-5.2

Principal results: Site 655 was located near the crest of a north-trending
ridge which lies near the inferred contact between oceanic and conti-
nental crust at the western rim of the Vavilov Basin (Fig. 1).

One sedimentary unit was recovered between the seafloor and
79.9 mbsf (Figs. 2 and 3). Basaltic basement was recovered between
79.9 mbsf and 196.1 mbsf.

Sedimentary unit: Cores 107-655-1H to 655A-9X; 0-79.9 mbsf;
age: late Pliocene (MPI4) to Quaternary. The dominant sedimentary
lithology is a marly nannofossil ooze, with occasional volcaniclastic
layers and detrital sand layers. Six sapropels and/or sapropelic layers
occur in the Pleistocene sequence. The Pliocene/Pleistocene bound-
ary occurs at 22.3 mbsf, with no lithologic expression. The lower 6 m
overlying basement exhibit a downsection color change from pale yel-
low to brown.

Basement unit: Cores 107-655A-9X to 107-655A-12X plus 107-
655B-1R to 107-655B-12R; depth: 79.9-196.1 mbsf; age: inferred 3.4-
3.6 m.y. The basement at Site 655 is made of basalt, with little obvi-
ous vertical variability in modal composition or structure. The ba-
salt is generally aphanitic, but with occasional phenocrysts (as large
as 2-3 mm) of plagioclase. Chilled glass margins were observed through-
out the basalt unit, spaced an average of 2 m apart. The entire basalt
section is reversely magnetized, with an inclination of 50°-60°; the
intensity of natural remanent magnetization is high (3 x 1072 to
103 G/em?).

Sediment within the basalt: Throughout the basalt unit, but par-
ticularly in the upper 30 m, veins and fractures were filled with indu-
rated limestones. Planktonic foraminifers of biozone MPIl4 and nan-
nofossils of biozone NN15 are present in these carbonates.
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Three heat flow measurements in Hole 655A yielded a mean heat
flow value of approximately 2 HFU (heat flow units). One logging run
was completed in Hole 655B with a DIL-LSS-GR-CALI combination.

BACKGROUND AND OBJECTIVES

Regional Setting and Previous Work

The sequence of events which occurs as the continental-stretch-
ing phase of basin formation ends, and injection of true oceanic
basement begins, is not clear. It has been postulated that at the
end of the rifting phase of basin formation but prior to the in-
jection of basaltic crust, the upper mantle may rise very close to
and possibly penetrate through the earth’s surface. This hypoth-
esis was inspired by the observation of serpentinized peridotite
near the inferred ocean/continent transition in the Red Sea (Bo-
natti et al., 1981) and the Atlantic margin off Galicia, Spain
(Boillot et al., 1980). The problem was most recently addressed
by ODP Leg 103 (Site 637) (Boillot et al., 1985), which sampled
serpentinized peridotite in a north-trending, sublinear, narrow
(about 10 km wide and 60 km long) ridge at the base of the con-
tinental slope off Spain.

Site 655 is located on a north-trending bathymetric ridge which
lies along the transition between inferred oceanic and continen-
tal lithosphere, in a position tectonically analogous to the peri-
dotite ridge off Galicia (Fig. 4). This ridge, the Gortani Ridge,
is about 5 km wide and 40 km long (Fig. 5; Moussat et al.,
1985). Its height varies along strike; at Site 655 it has about
350 m of relief above the bathyal plain. A similar north-trend-
ing narrow ridge is observed on the eastern rim of Vavilov Basin
in a position roughly symmetrical to Gortani Ridge. Seismic re-
fraction experiments (Steinmetz et al., 1983; Recq et al., 1984)
suggest that the Moho under Site 655 is about 6 km below the
seafloor. Unlike the Galicia margin ridge drilled at Site 637,
however, Gortani Ridge is associated with a positive magnetic
anomaly of 170 .

On seismic line ST12 (Figs. 6 and 7), the Gortani Ridge ap-
pears as a narrow acoustic basement ridge rising above the well-
layered acoustic reflectors filling the Vavilov Basin bathyal plain.
Unprocessed seismic profiles show the ridge as a highly diffrac-
tive basement high. However, a seismic velocity analysis on top
of the ridge suggests that it is covered by more than 100 m of
poorly stratified uncompacted sediments characterized by an in-
terval velocity of 1.65 km/s. The seismic velocity within the base-
ment is 5.24 km/sec. The sediments east and west of the ridge
have clearly been ponded against the ridge; there is no evidence
of sediments bowed up as might be associated with recent up-
lift, e.g., a diapir. The seafloor east of the ridge is slightly shal-
lower than that west of the ridge (3475 m vs. 3515 m), suggest-
ing that the ridge has served as a dam for turbidity currents
originating from the Italian margin.

Objectives

Site 655 was not viewed as a first-priority target by either the
Mediterranean Working Group or most members of the ship-
board party. However, the site did offer the potential for a num-
ber of significant results for a relatively small investment of
shiptime.

The major objective at Site 655 was to identify the nature of
the basement of the ridge and thus to test the hypothesis that
the ridge is an upper mantle protrusion which rose to the earth’s
surface at the end of the rifting phase of basin formation. If
Leg 107 could document peridotite near the oceanic/continen-
tal boundary, the hypothesis that upper mantle material rose to
the surface through the thinned continental crust would be bol-
stered. If, on the other hand, the ridge turned out to be basalt,
geochemical analysis of such samples derived from within a few
kilometers of the ocean/continent transition would provide a
valuable comparison with the basalts from the western edge of
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Marsili Basin (Site 650), with basalts from the axis of Vavilov
Basin (Site 651), and with basalts from other ocean and back-
arc basins.

As we reached the last week of the cruise, we still had not
fully achieved our first-priority goal of obtaining a high quality-
magnetic stratigraphy for the Pliocene-Quaternary which could
be used to calibrate biostratigraphies and isotope stratigraphies.
Site 650 had a good magnetostratigraphy, but only down through
the Pleistocene. At Sites 651, 652, and 654, the upper part of
the sediment column was disturbed by rotary drilling. At Site
653, which had been targeted specifically for high-resolution
stratigraphic studies, the natural remanent magnetization of the
upper sediment column was too weak to identify geomagnetic
reversals by shipboard measurements. We therefore decided to
try coring Hole 655A as an APC/XCB hole to try to get good
recovery with minimal sediment disturbance in the presumably
pelagic and/or hemipelagic sedimentary cap.

Site Selection

Gortani Ridge appears on site survey lines ST04, ST0S, ST12,
STO1, and ST08. A position on line ST12 was selected (Figs. 6
and 7). The site was originally located at the edge of the bathyal
plain on the western flank of the ridge, because it was not obvi-
ous that there was enough sediment to spud in on top of the
ridge. However, interval velocity analyses received just prior to
departure from Malaga showed more than 100 m of sediment
on top of the ridge. In light of these new data, the site was relo-
cated on the crest of the ridge to avoid the Vavilov Basin coarse
clastics which had caused hole stability problems at Site 651, to
minimize the amount of overburden to be penetrated before reach-
ing the basement target, and to recover a pelagic rather than a
turbiditic sequence.

OPERATIONS

Strategy

As conceived prior to the cruise, Site 655 had been strictly a
basement objective, and as such was planned for rotary drilling.
However, as the final week of the cruise approached, one of the
first-priority goals of the cruise had not yet been fully accom-
plished: to acquire a near-complete, little-disturbed, pelagic, Plio-
cene-Quaternary sequence which could be used to establish com-
parative bio-, magneto- and isotope-stratigraphies. Therefore we
chose to begin coring at Hole 655A with the APC/XCB combi-
nation in hopes of recovering a useable Pliocene-Quaternary pe-
lagic section before entering basement. With luck, the XCB
would penetrate far enough to identify the nature of basement.
If not, a second hole would be rotary cored into basement, wash-
ing down through the overlying sedimentary section.

Heat flow measurements were planned with the Von Herzen
probe while piston coring. Since the total penetration was ex-
pected to be considerably less than 400 m, logging was optional.
The final decision about whether to log or not would be made
at the end of the coring program, and would depend on whether
the penetration achieved and the thickness of the sediment cover
were such that the basement/sediment contact could be logged,
and on the amount of time remaining in the cruise.

The site approach was straightforward. Since the target was
on top of a north-trending ridge, we planned to approach the
site on a west to east track, slow the ship as we reached the base
of the ridge, and drop the beacon when the echo-sounder showed
the ridgetop. No seismic gear would be streamed.

Site Approach

During the latter part of the transit from Site 654 and through-
out the site approach, the ship was navigated using the Global
Positioning System (GPS). Loran C was monitored but appeared
unstable. At 2200 on 8 February, the ship changed course to
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Figure 3. Composite lithologic column of Site 655.

093° to follow the track of site survey line ST12. Because the sea
was fairly rough, both the 3.5-kHz and the 12-kHz echo-sounder
records were very noisy at full speed (12 kt), so at 2226 the ship
was slowed to 6 kt to improve the record quality.

At 2318 the side echo from the western flank of the target
ridge came into view, and the ship’s speed was further reduced
to 3 kt. The echo-sounders were closely monitored as the ship
slipped slowly over the flank of the ridge, and the beacon was
dropped at 2340 when the strongest of the several hyperbolic
bottom returns flattened off and began to deepen very slightly.
After the beacon was dropped, another hyperbolic bottom re-
turn rose to a depth approximately 55 m shallower than the spot
where the beacon was dropped. However, this second, shallower
peak was a relatively weak return, and comparison with a sea-
beam map of the ridge (J.-P. Rehault, pers. comm., 1986) sug-
gests that the second peak was probably a side echo from a
higher part of the ridge south of the beacon position.

882

The echo-sounder line was continued eastward until the bathyal
plain east of the ridge came into view. At 0011 on 9 February,
the ship reversed course to return to beacon to begin dynamic
positioning.

The ship’s GPS position at the time of the beacon drop was
40°10.318'N, 12°27.915'E; the Loran C position using X and
Z slaves was 40°11.04’ N, 12°29.33'E. An average of transit sat-
ellites and GPS fixes received while on station gave the follow-
ing positions: 655A: 40°10.33'N, 12°27.90'E; 655B: 40°10.32'N,
12°27.93'E. The Loran position at 655A was 40°10.21'N, 12°
27.75'E, using the X and Y slaves. Loran time delays were: Z,
52374.7; X, 13165.4.

Hole 655A

The APC/XCB hole was spudded with a good mud-line core
at 1115 on 9 February. Oriented piston coring continued for
eight cores, until indications of liner overload forced a switch to
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XCB coring, starting with core 9X (Table 1). Von Herzen heat
flow measurements were taken successfully along with cores 4H,
6H, and 8H, at 32, 51, and 70 mbsf. In core 10X at 80 mbsf, al-
tered basalt chunks were cored with poor recovery, suggesting a
rubble zone. Penetration was very slow, and three cores were
brought up after less than the usual 9.6 m of penetration in or-
der to experiment with different cutting shoes on the XCB, How-
ever, nothing improved the recovery (less than 1 m per core) or
paltry penetration rate. Therefore, the hole was terminated (at
90.4 mbsf) to leave time to rotary-drill a second hole.

Hole 655B

The ship was offset 15 m (50 ft) to the west while the pipe
was pulled to the surface and the bottom-hole assembly was
changed for RCB coring. The pipe was run back to bottom with
a center bit in place and the hole was drilled to 81.2 mbsf before
RCB coring resumed.

The formation that had been described as basalt rubble in
the XCB cores of Hole 655A turned out to be relatively continu-
ous basalt, although highly altered and fractured. The core re-
covery and penetration rate with the RCB system were more
than satisfactory (rate of penetration: 4.6-16.2 m/hr; recovery:
40%). Drilling was terminated at 196.1 mbsf. The 120 m of ba-
salt penetrated was quite uniform in structure and composition
(although denser and less altered downhole); thus further pene-
tration was considered to be less productive than logging 655B
and coring one additional site before heading into port.

The hydraulic bit release was activated with some difficulty.
The pipe was then pulled up to 3418 m (87.8 mbsf) and the log-
ging equipment was rigged up. The first suite of logs consisted
of dual induction log (DIL), long spacing sonic tool (LSS), gamma
ray (GR), and caliper (CALI). The hole was logged from total
depth up to 70 mbsf; the logged interval includes the sediment/
basalt contact plus 115 m of basalt. A second logging run with
the borehole televiewer (BHTV) was aborted when the cable head
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on the tool flooded as the tool was being lowered through the
pipe. The BHTV was recovered and the logging equipment was
rigged down. The vessel got underway for Site 656 (TYR 4) at
1355 on 13 February.

LITHOSTRATIGRAPHY

Lithologic Description

The 79.9-m thick sedimentary sequence of Hole 655A is bas-
ically very homogeneous in comparison with other Leg 107 sites:
consequently only one lithologic unit is defined. This single unit
has been divided into two subunits in order to emphasize the al-
tered sediments in contact with the underlying basalts.

The sediments are mainly nannofossil oozes very similar to
analogous sediments found in the previous sites. The single sed-
imentary unit of Site 655 is correlatable with nannofossil-ooze-
dominated units of other sites: Unit I of Holes 653A and B,
Unit I of Site 654, and also with Units I and II of Sites 650, 651,
and 652 where nannofossil oozes represent the background sedi-
ments. The equivalent of Unit I of Sites 650, 651, and 652 (char-
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acterized by a low percent of CaCO,) corresponds to the upper-
most one or two cores at Site 655.

Subunit Ia (0-73.5 mbsf, Cores 107-655A-1H to 107-655A-
9X-3, 30 cm). Age: Quaternary-Pliocene.

The dominant lithology is a marly nannofossil coze to nan-
nofossil ooze with abundant foraminifers. The CaCO, percent-
age ranges from 42% to 66% with an average value of 54%.
Values greater than 60% were found beginning at 31.9 mbsf
(Core 107-655A-5H), remaining high for the remainder of the
sequence. The boundary between Pleistocene and Pliocene, sit-
uated between Cores 107-655A-3H and -4H (see “Biostratigra-
phy” section, this chapter), is not marked by a lithologic change.
In Core 107-655A-1H, thin (0.5-3 cm) detrital sand (quartz, feld-
spar, lithoclasts) layers and biogenic calcareous sands rich in
pteropods shells occur. One < 1-mm iron/manganese-rich crust
is found within marly nannofossil ooze at interval 107-655A-
2H-3, 63 cm (6.7 mbsf).

Six sapropels or sapropelic layers, identified by their distinc-
tive color, sedimentary structures, and percentage organic-car-
bon data, occur within the Pleistocene sediments of interval 107-
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Figure 6. Track lines of recent seismic lines available in the vicinity of Site 655.

655A-2H-4, 59-70 cm (8.2 mbsf) (maximum percentage Corg =
5.30%), 2H-6, 85-95 cm (11.45 mbsf), and interval 107-655A-
3H-1, 52-72 cm (13.3 mbsf) (maximum percentage C,,, = 5.30%),
3H-1, 145 cm (14.15 mbsf), 3H-4, 63-78 cm (17.85 mbsf) (maxi-
mum percentage C,,, = 3.60%), and 3H-5, 10 cm (18.8 mbsf,
see discussion belows.

An important characteristic of the Pliocene sediments is the
frequent occurrence of banded pinkish to reddish intervals (Ta-
ble 2), which could indicate variable oxygen contents in the sedi-
ments. These intervals begin to occur with Core 107-655A-4H
(below 25.5 mbsf) and continue downsection to Core 107-655A-
8H (below 70.2 mbsf).

Volcaniclastic layers are present throughout most of the se-
quence (Table 3). Normal graded bedding indicates probable de-
position as turbidites. In Core 107-655A-5H, a 75-cm-thick ash
layer, rich in black heavy minerals (mainly pyroxenes), shows
parallel laminations within the normally graded sequence.

Subunit Ib (73.5-79.9 mbsf, Core 107-655A-9X-3, 30 cm to
CC). Age: Pliocene.

13°00'

The sediments are foraminifer-rich nannofossil oozes as in
Subunit Ia, but a downhole progressive change in color from
pale yellow to brown was noted as the underlying basalts were
approached. Numerous black specks presumed to be iron sul-
fide are present and increase in number toward the base of the
core. The last 25 cm before the basalts are strong brown in color.

The last 5 cm contain an indurated, dark brown dolostone. The
basalt at the sediment contact is vesicular.

Sapropels and Sapropelic Layers

Of the six sapropels or sapropelic layers identified in Cores
107-655A-2H and -3H, two are particularly illustrative of what
might be considered well-developed sapropels from the Tyrrhe-
nian Sea. The first of these (interval 107-655A-2H-4, 59-70 cm)
was recovered undisturbed and basically retains its distinctive
sedimentary features (Fig. 8). Features of this excellent example
will be described in order of deposition from base to top. The
sediments underlying the sapropel are gray, moderately to strongly

bioturbated, marly nannofossil oozes with abundant foramini-
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Figure 7. A. Multichannel seismic line ST12 (site survey line; LGSM, Villefranche) and location of Site 655 (location in Fig. 6). B. Sparker line (from

1.G.M. Bologna) in the vicinity of Site 655 (location in Fig. 6).

fers (107-655A-2H-4, 70-146 cm). Directly beneath the sapropel
(70-75 cm), the number of black, iron-sulfide-rich specks in-
creases; the outlines of the bioturbation are defined by darker
colors than the matrix, producing a modified wavy appearance.
From 67-70 cm, the sediment is dark olive in color and contains
very abundant foraminifers. The color then grades upward into
a black, laminated interval (64.5-67 cm). A smear slide from 67
cm shows the presence of 4% micronodules in these black sedi-
ments. The black sediments contain a maximum of 5.30% or-
ganic carbon. Upsection, the sediment becomes greenish gray
(59-64.5 cm) and is devoid of visible foraminifers. This latter
color interval can be further divided into an underlying lami-
nated zone (61.5-64.5 cm), which shows only faint indications
of burrowing, followed by a distinct darker contact (61.5 cm) to
an overlying bioturbated zone (59-61.5 cm). The amount of
bioturbation appears to increase gradually upward with the bur-
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rows being particularly small (few millimeters wide) and well-
defined by a lighter colored material. At 58-59 cm, a diagenetic
front is marked by olive-colored sediments which have a sharp
basal contact slightly cut by the fine bioturbation. Above 59 cm
larger burrows appear, and above 58 cm the color grades once
again to gray. Geochemical data for the carbonate and organic
carbon content of samples taken at 0.5-cm-intervals throughout
this sapropel are tabulated in “Geochemistry” section, this chap-
ter.

The second of the well-developed sapropels (interval 107-655A-
3H-1, 52-72 cm) was moderately disturbed during drilling, but
sedimentary characteristics similar to those described above re-
main quite evident (Fig. 9). Closely spaced samples were col-
lected through the sapropelic interval for the determination of
carbonate and organic carbon contents. These data are graphed
alongside the core photograph in Figure 9 and can be found tab-



Table 1. Coring summary table for Holes 655A and 655B.

Date Sub-bottom
Core  (Feb. depths Cored Recovered Recovery
no. 1986) Time (m) {m) (m) (%a)
Hole 655A
IH 9 1130 0.0-3.1 3.1 3.1 100.7
2H 9 1300 3.1-12.7 9.6 9.8 101.7
3H 9 1415 12.7-22.3 9.6 9.8 102.2
4H 9 1600 22.3-31.9 9.6 9.8 101.8
5H 9 1730 31.9-41.5 9.6 9.8 102.3
6H 9 1915 41.5-51.1 9.6 8.5 88.8
TH 9 2145 51.1-60.6 9.5 8.1 85.2
8H 10 0030 60.6-70.2 9.6 7.2 74.8
9X 10 0300 70.7-79.9 9.1 9.8 107.7
10X 10 0630 79.9-86.4 6.5 0.6 8.9
11X 10 0815 86.4-89.4 3.0 0.2 759
12X 10 1015 89.4-90.4 1.0 0.7 70.0
Hole 655B
IR 11 1745 81.2-90.8 9.6 6.9 72.1
2R 11 2045 90.8-100.4 9.6 4.2 43.2
3R 12 0015  100.4-110.0 9.6 6.1 63.7
4R 12 0215 110.0-119.5 9.5 2.3 239
SR 12 0445 119.5-129.1 9.6 4.5 46.4
6R 12 0645  129.1-138.8 9.7 4.4 44.9
7R 12 0845  138.8-148.3 9.5 4.0 42.5
8R 12 1115 148.3-157.9 9.6 2.5 26.5
9R 12 1345 157.9-167.5 9.6 3.2 333
10R 12 1615  167.5-177.1 9.6 39 40.4
1R 12 1900 177.1-186.8 9.7 29 30.3
12R 12 2300 186.8-196.1 9.3 4.5 48.1

Table 2. Banded red color intervals.

Depth interval

Core number Section (mbsf)
Core 107-655A-4H 3 25.5-26.8
56,7 28.3-31.7
-SH 1 32.5-33.4
6H 1,2,3 42.1-47.3
4 47.6-48.6
-8H 1 61.3-61.7
2 62.2-62.7

Table 3. Volcaniclastic ash-bearing layers.

Depth of top  Thickness
Core number Section (mbsf) {cm)

Core 107-655A-1H 1 0.55 3
2 2.36 2

-2H 7 12.20 4

-3H 5 19.00 2

-4H 4 27.30 3

-5H 5 37.90 75

6 40.85 2

-6H 4 46.38 1

-8H 4 66.10 8

5 66.80 8

ulated in “Geochemistry” section, this chapter. It is interesting
to note that the percent carbonate decreases upward gradually
through the dark sapropelic interval, reaching a minimum in the
upper black laminated zone at 63 cm. The percent organic car-
bon begins to increase steadily from the base of the dark sapro-
pelic zone reaching a maximum of 5.69% at 1.5 cm below the
carbonate minimum (64.5 cm). The percent organic carbon re-
turns to near background values (<0.3%) just above the dark-
est interval at 59 cm, while the percentage carbonate continues
to gradually increase to near pre-sapropelic values just above the
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Figure 8. Probable sapropel layer (Core 107-655A-2H-4, 59-70 cm) show-
ing characteristic sedimentary structures and coloration. See text for dis-
cussion of these features.

upper limits of the diagenetic front (50.5 cm). The increased or-
ganic carbon contents are definitely confined and obviously re-
lated to changes in input or preservation characteristics restricted
to within the darkest sediments. Further definition of the nature
and origin of these distinctive sapropels awaits the results of
shore-based studies.

Sedimentary Instability

In addition to the volcanogenic turbiditic layers (see Table 3),
sedimentary instability is denoted by the occurrence of several
debris flows in Sections 107-655A-2H-4 and -5 (9.05-9.40 mbsf),
Sections 107-655A-3H-6 and -7 (21.4-22.3 mbsf), Section 107-
655A-6X-5 (48.1-48.6 mbsf), and possibly in Section 107-655A-
6X-2 (43.7-43.8 mbsf). Reworked fragments of marly nanno-
fossil oozes of various color sometimes contain a mixture of mi-
cro- and nannofossils indicating a variety of geologic ages for
these mud pebbles (see “Biostratigraphy” section, this chapter).
Due to intense drilling disturbances, one cannot be certain whether
all of the observed structures in the debris flow at Sections 107-
655A-3H-6 and -7 are primary or caused by drilling, but pieces
of a sapropelic layer are present within this flow. The only true
tensional microfault was observed within the debris flow from
9.05 to 9.40 mbsf.

The occurrence of debris flows is somewhat surprising near
the top of a topographic high which is apparently about 250 m
high. Possibly, uplift of the hill and tilting of the basaltic base-
ment are very recent, but this interpretation is not supported by
seismic reflection profiles.

Limestones Within the Basalt Sequence

Indurated limestones occur in the basalt flows in three differ-
ent ways: (1) thin layers in contact with chilled basalt; (2) in
cracks within basalt that is not chilled at the contacts, and (3) as
very thin elongate veins.

1. In this case fine-grained limestone is in contact with the
chilled margins of vesicular basalt (e.g., interval 107-655A-11X-1,
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Figure 9. Sapropel layer (Core 107-655A-3H-1, 52-72 cm), moderately disturbed during drilling, showing character-
istic sedimentary structures and coloration. The carbonate and organic carbon content obtained from samples taken
from the left side of the working core half are graphed alongside the core photograph.

32 cm; interval 107-655A-12X-1, 75 cm) (Fig. 10). This lime-
stone is basically gray, but a thin reddish zone containing palag-
onite separates the indurated limestone from the chilled margins
of the basalt. Some isolated pieces of limestone (5 cm in size)
exhibiting a reddish crust also occur. The first limestone type is
interpreted to represent former carbonate ooze interbedded be-
tween basalt flows (e.g., interval 107-655A-10X-1, 76-80 cm, in-
terval 107-655A-12X-1, 22 cm); it is essentially contemporary
with eruption of the pillow lavas.
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2. The second type of limestone within the basalts is white,
yellowish, or pale gray (e.g., interval 107-655A-11X-1, 32-64 cm;
interval 107-655A-12X-1, 29 cm) and lacks chilled margins with
the basalt (Fig. 10 and 11). This sediment is sometimes perpen-
dicular to the orientations of chilled margins (Fig. 10). The
width of the limestone varies from less than 1 mm to 2 cm. Mi-
crofossils or nannofossils are occasionally present (see “Biostra-
tigraphy” section, this chapter). This second limestone type is
interpreted to be an filling of ooze that percolated down into
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Figure 10. Contact between basalt and limestone (Core 107-655A-12X-
1, 60-77 cm, 89.4 mbsf). Chilled margin of a probable basaltic pillow at
75 cm and gray limestone at 74.5 cm are separated by a 2-5-mm reddish
zone with calcite and palagonite. From 62 to 73 cm, white limestone fills
former fractures in basalt.

fractured basalt. In some cases, (interval 107-655A-11X-1, 32
cm), two successive generations of fill can be observed (Fig. 11,
between 32 and 35 cm).

3. Finally, some very thin veins (less than 1 mm thick) of mi-
crocrystalline carbonates probably originated by in-situ precipi-
tation from seawater that circulated within basalt fractures (Fig.
11, between 36 and 40 cm; see “Igneous Petrology” section, this
chapter).
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Figure 11. Two successive calcareous fillings in basalt (Core 107-655A-
12X-1, 30-45 cm, 89.4 mbsf). At 35 cm, two successive calcareous fill-
ings in the basalts are shown by different colors in the limestone and no
chilled margin between basalt and limestones; between 36 and 40 cm a
very thin microcrystalline carbonate filling represents in-sifu precipitated
carbonates.

IGNEOUS PETROLOGY

Holes 655A and 655B Basement

Basalt was encountered in Hole 655A at 80 mbsf, below sedi-
ments of middle Pliocene age. The sediment becomes gradually
dark brown in color for an interval of about 10-20 cm just
above the contact, which is marked by an altered chilled glass
margin. The basalt was drilled down to 90.4 mbsf at Hole 655A,
for a thickness of 10.4 m, and down to 196.1 mbsf at Hole 655B
(rotary drill) for a thickness of 120 m.
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Macroscopic Description and Textures

Chilled glass margins were observed throughout the basalt
unit. The glassy rims generally show curved shapes, suggesting
that they mark the surface of pillows. The distribution of chilled
margins indicate that the whole unit consists of many pillow ba-
salt flows, each roughly 2 m thick on average. The glassy rims
frequently grade upward into a crust of palagonite and palago-
nite breccias cemented by carbonates and occasionally by zeo-
lites. In some cases fresh basaltic glass (sideromelane) is pre-
served.

Throughout the unit, but particularly in approximately the
upper 30 m, fractures and veins filled with carbonate were ob-
served in the basalt. In some cases the carbonates consist of mi-
critic sediments, which probably penetrated spaces between pil-
lows and fractures in the rock after emplacement of the basalt
on the seafloor. Foraminiferal tests and nannofossils were ob-
served in these sediments. In other cases, particularly within
thin veins, the carbonate probably originated by precipitation
from seawater circulating within fractures.

The basalt appears to be generally aphanitic, though occa-
sionally phenocrysts (as large as 1-2 mm) of plagioclase can be
observed. In thin section the texture of the rock ranges from
porphyritic to glomeroporphyritic.

Mineralogy and Chemistry

The modal composition of the basalt appears to be relatively
constant throughout the unit, though the degree of alteration
varies from mild to strong in different portions of the unit. Phe-
nocrysts of Ca-plagioclase, occasionally associated with euhe-
dral olivine, are set in a groundmass where, in addition to alter-
ation products, smaller plagioclase laths, olivine, and, rarely, an
augitic clinopyroxene can be recognized. The plagioclase and ol-
ivine phenocrysts are relatively fresh except in a few samples.
Close to chilled margins the phenocrysts are set in a glassy ma-
trix with occasional, scattered plagioclase needles.

A few preliminary major element analyses suggest that Site
655 basalt has tholeiitic affinity and is rather similar to basalts
drilled at DSDP Site 373 (Hsii, Montadert, et al., 1978) and at
Site 651, also within the Vavilov Basin.

Age

The age of the basalt can be constrained based on identifica-
tion of foraminifers and nannofossils contained in the carbon-
ate sediments trapped within the rock. Among the foraminifers,
the presence of Globorotalia puncticulata, Sphaeroidinellopsis
sp., and of Globorotalia margaritae in sediments just above the
basalt indicates the top of the MPI3 foraminiferal biozone. Among
the nannofossils, the presence of Sphenolithus abies and Reticu-
lofenestra pseudoumbilica indicates the NN15 nannofossil bio-
zone (see “Biostratigraphy” section, this chapter). This infor-
mation, coupled with paleomagnetic data indicating that the
entire basalt unit is reversely magnetized (see “Paleomagnetics”
section, this chapter), suggests that the basalt was emplaced within
the upper part of the Gilbert magnetic epoch, and has an age
which lies between 3.5 and 3.6 m.y. This estimate will have to be
verified by absolute age determinations.

BIOSTRATIGRAPHY

Summary

It was expected that the location of Site 655 on top of the
Gortani Ridge would provide a sequence void of turbiditic lay-
ers. However, the incomplete Quaternary series shows debris flows
mixed with Pliocene/Pleistocene sediments, and reworking
from older strata.
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The determination of the biozones is difficult due to the
scarcity or absence of certain index fossils. The results are sum-
marized in Figure 12.

Late Pliocene sediments (of about 3.2 m.y.) overlie vesicular
basalts. Micro- and nannofossils are destroyed in the lowermost
sediments due to diagenesis.

Planktonic Foraminifers

Quaternary

The lower Quaternary (Globigerinoides cariacoenis zone) has
been recorded in 107-655A-3H, CC (22.3 mbsf). Globigerinoi-
des obliquus occurs until interval 107-653A-3H-2, 72-74 cm (14.9
mbsf). The Pliocene/Pleistocene boundary is recognized in in-
terval 107-655A-3H, CC (22.3 mbsf) by the first peak of left-
coiled Neoglobogquadrina pachyderma.

Globorotalia truncatulinoides excelsa is sporadically present
from interval 107-655A-2H-3, 35-38 c¢m (6.36 mbsf). Globiger-
ina cariacoensis is rare.

Holocene was observed at the top of Core 107-655A-1H with
the characteristic planktonic assemblage described by Cifelli (1975)
from plankton tows and by Parker (1955), Todd (1958), and
Thunell (1978) from surface sediments.

Globorotalia truncatulinoides excelsa is sinistrally coiled. Ptero-
pods with transparent shells are frequent and in a state of al-
most good preservation. The presence of Hyalocylix striata and
Styliola subula characterizes the sediments younger than 4,000
years. No living benthic foraminifers were found.

The Pleistocene/Holocene boundary should be within Core
107-655A-1H.

Pleistocene

Core 107-655A-1H, CC (3.1 mbsf) shows a temperate warm
assemblage; 107-655A-2H, CC (12.7 mbsf) and 107-655A-3H,
CC (22.3 mbsf) are both temperate. Identification of isotopic
stages is not possible at the moment and will remain difficult
because both cores should be early Pleistocene in age when cli-
mate changes were frequent, but of lower amplitude than in the
late Pleistocene (Thunell and Williams, 1981).

Pliocene

Age determination for the Pliocene is based on the zonation
given by Cita (1973; 1975).
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Figure 12. Biostratigraphic determinations made at Site 655.



Upper Pliocene interval is present between about 22.5 mbsf
(Sections 107-655A-3H, CC) and 76.3 mbsf (107-655A-9X, CC)
where the last Globorotalia margaritae occurs. Between 76.3
and 79.8 mbsf the lower Pliocene is present with Globorotalia
puncticulata and rare and scattered Globorotalia margaritae.

MPI6 (Globorotalia inflata) biozone was not recorded be-
tween 22.5 mbsf and 29.1 mbsf (Core 107-655A-4H-5, 80-84
cm) samples but was at 39.1 mbsf (interval 107-655A-4H-5, 128-
130 cm). The extent of the zone will be verified during shore-
based studies.

MPI5 (Globigerinoides elongatus) biozone is present between
about 29.1 mbsf (107-655A-4H, CC) and 59 mbsf (107-655A-
TH-6, 36-38 cm), where the last Sphaeroidinellopsis sp. was rec-
ognized. MPI4 was recognized between 59 mbsf and 76.3 mbsf
(107-655A-9H-5, 70-72 c¢cm) where the last G. margaritae was
recognized. MPI3 is present between 76.3 mbsf and the base of
the sequence where Globorotalia margaritae and G. puncticu-
lata occur together.

Partial dissolution and recrystallization of foraminiferal tests
is noted. At 10-11 cm in Section 107-655A-9X, CC, dissolution
is very strong. At 6-7 cm in Section 107-655A-9H, CC dissolu-
tion seems weaker; small perforations in the wall of mid-sized
foraminiferal shells and fragmentation of the large ones can be
observed. This phenomenon is comparable with that known from
sediments deposited between lysocline and carbonate compen-
sation depth (Berger, 1970; Be et al., 1975) but, at Site 655 it is
linked not to the depth but to the proximity of the basalt. How
far from the basalt the dissolution occurs will be studied on
shore.

In carbonate intervals recovered from within the basaltic unit,
planktonic foraminifers and nannofossils are present in thin sec-
tions and smear slides. Globorotalia puncticulata and rare Sphae-
roidinellopis sp. specimens were recognized. Globorotalia mar-
garitae is not present in thin sections. In the nannofossil assem-
blage Sphenolithus abies and Reticulofenestra pseudoumbilica
have been recognized. Therefore the carbonate intervals belong
to the MPI4 foraminiferal biozone and to the NN15 nanno-
plankton biozone. Since the sediments are reverse-magnetized,
they must belong to the upper part of Gilbert magnetic Epoch,
with an age of about 3.6-3.4 m.y.

Benthic Foraminifera

Benthic foraminifers occurred from the top down to 80 mbsf
of Hole 655A. In all the samples between the top and 70 mbsf
(Section 107-655A-8H, CC), fairly abundant well-preserved speci-
mens are present. Only a sample at 79.8 mbsf (Section 107-
655A-9X, CC) yields ill-preserved and recrystallized specimens.

The top sample of Core 107-654A-1H includes several speci-
mens of Articulina tubulosa, Ammolagena clavata, and Glo-
mospira charoides, accompanied by some displaced specimens
of Miliolinella circularis, Elphidium macellum, and Asterigerinita
mamilla.

Between 3.1 mbsf (Section 107-655A-1H, CC) and 79.8 mbsf
(Section 107-655A-9X, CC), many species were found, and dis-
placed specimens are very rare. The bottom level of Articulina
tubulosa is placed at 22 mbsf (Section 107-655A-3H, CC) at the
very base of Globigerina cariacoensis zone. A maximum in the
species diversity as found in the Pliocene of Sites 652, 653, and
654 can be recognized in Core 107-655A-8H (60.6-70.2 mbsf).
The disappearance level of Cibicidoides italicus is found at in-
terval 107-655A-8H-4, 67-69 c¢m, in the lower part of MPI5 zone
of planktonic foraminifers.

Nannoplankton

At Hole 655A the Pleistocene sequence is incomplete. The
very condensed or eroded series of nannoplankton zone NN21
(Emiliania huxleyi zone) was recognized from the top to sample
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107-655A-1H-2, 113 cm directly underlain by zone NN19 (Pseu-
doemiliania lacunosa zone) from sample 107-655A-1H-2, 120 cm
to sample 107-655A-3H-1, 144 cm (3.0-14.1 mbsf). Nannoplank-
ton are diluted by detrital carbonates and reworked species within
the turbiditic layers of zone NN21. The assemblages are often
of low diversity with the dominance of Syracosphaera mediter-
raneae and Helicosphaera carteri. Sediments of zone NN19 are
generally rich in well-preserved nannoplankton. The acme zone
of the small Gephyrocapsa was recognized from sample 107-
655A-2H-1, 82 c¢m, to sample 107-655A-3H-1, 130 cm. The ex-
tinction level of Helicosphaera sellii lies in sample 107-655A-
2H-2, 120 cm within the small Gephyrocapsa zone.

Sapropel layers are concentrated around the Jaramillo mag-
netic event (Sections 107-655A-2H-4 to 107-655A-3H-1), and the
Pliocene/Pleistocene boundary (Sections 107-655A-3H and -4H).
The nannofossils are almost entirely dissolved in the sapropel of
sample 107-655A-2H-4, 65 cm.

Large specimens of Braarudosphaera bigelowi are common
in the sapropel of sample 107-655A-2H-6, 93 cm and within the
uppermost Pliocene (Sample 107-655A-3H-5, 110 cm). This ob-
servation, indicating a decrease of salinity of surface water, is
comparable with the results obtained from the other sites. In
Sections 3 and 4 of Core 107-655A-3H mixing of Pliocene and
Pleistocene sediments occurs.

The Pliocene/Pleistocene boundary is not determined pre-
cisely due to some mixing of Pliocene and Pleistocene sediments
within this interval of the sequence. Most probably it lies be-
tween sample 107-655A-3H-5, 60 cm and sample 107-655A-
3H-5, 110 cm (at about 19.3 mbsf).

Discoasters are rare within the upper part of the Pliocene
and they are restricted to certain levels. They become common
from sample 107-655A-6H-6, 40 cm downsection (lower NN16).
The last Discoaster tamalis was observed in sample 107-655A-
4H-2, 50 cm.

The highest occurrence of the small Reticulofenestra pseudo-
umbilica lies in sample 107-655A-7TH-5, 120 cm at the base of
the sedimentary sequence. It was also observed within the sedi-
ments included in the basalt where they are of normal size, indi-
cating that the sediments deposited just upon the basalt are of
late early Pliocene age (zone NN15) of about 3.4-3.6 m.y.

Nannofossils are very rare or entirely destroyed by diagenesis
in the sediments overlying the basalt. These sediments are rich
in secondary dolomite.

PALEOMAGNETICS

A large proportion of the samples from the Pliocene/Pleis-
tocene section recovered at Hole 655A was found to carry a
remanence with a steeply dipping positive inclination. Many of
these samples maintained this remanence direction after alter-
nating field (AF) demagnetization at peak fields of 200 Oe.
Thermal treatment will be required to generate a clear magnetic
stratigraphy at this site. A predominance of negative inclina-
tions in Cores 107-655A-5H and 107-655A-6H suggests that these
cores are within the Matuyama Epoch.

The basalts recovered at Hole 655B are characterized by nat-
ural remanent magnetization (NRM) intensities of 5.10~2to 103
G/cm?. The median destructive fields are mostly in the 300-400
Oe range indicating moderate coercivities, higher than those usu-
ally associated with young ocean ridge basalts but consistent
with those affected by several million years of low-temperature
oxidation. The entire 110-m section of these ‘“pillow” basalts
was found to carry a very stable single-component reversed mag-
netization, the inclination of the characteristic remanence being
negative. The inclination values lie in the 50°-60° range, close
to expected values, indicating no tectonic disruption of the pil-
low stack. This reversed remanence is consistent with foraminif-
eral identifications in intercalated limestones, which suggest that
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eruption of the basalts occurred at a time interval correlative to
the 460,000-yr reversed chron at the top of the Gilbert Epoch.

Bulk susceptibility values were measured using the Bartington
discrete sample sensor. Values lie in the range 6.10~%-1.10~* G/
Oe, which is within the wide range of susceptibility values re-
corded in young oceanic basalts.

PHYSICAL PROPERTIES

Introduction

Cores 1H to 12X in Hole 655A and cores 1R to 12R in Hole
655B were used for shipboard analysis of GRAPE density, bulk
density, porosity, grain density, and velocity. Thermal conduc-
tivity was measured on all sections of Hole 655A. Shear strength
measurements were done on each core of Hole 655A. The dif-
ferent methods of analysis are described in the “Explanatory
Notes” chapter, this volume.

Results

Index Properties and Compressional Velocity

Porosity, bulk density, grain density, and compressional ve-
locity from Hole 655A and Hole 655B are plotted relative to
sub-bottom depth in Figures 13 and 14 and are listed in Tables
4-7.

In Hole 655A, grain density is highly variable from the mud
line to the bottom of the hole. The data from Hole 655B, in the
basalt, show an alternation of high (2.8-3.2 g/cm? and low
(2.5-2.7 g/cm?) values and a generally increasing downsection
trend.

The bulk density values are in good agreement with the po-
rosity values and reflect the same trend along the cores. Two
main physical property units can be distinguished in Site 655:

1. Unit 1. This unit extends from the seafloor to the bottom
of Hole 655A and corresponds to the sedimentary cover of the
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basalt (lithostratigraphic Unit I). A shallow unit (0-5 mbsf) ap-
pears clearly on the bulk density and porosity curves. It shows a
density of 1.5 g/cm? and a porosity of 80% and is probably due
to drilling disturbances. Below that depth, Unit 1 shows a con-
stant decrease of porosity (65%-52%) and a slight increase of
bulk density values from 1.65 g/cm? at the top to 1.87 g/cm? at
the base of the unit.

2. Unit 2. This unit extends from 81.35 mbsf to the bottom
of Hole 655B and corresponds to the basalt. Unit 2 shows alter-
nations of high and low values of bulk density and porosity
(Figs. 15 and 16). Two main subunits can be recognized in the
basalt:

A. Subunit 2a (from the top of the basalt to about 140
mbsf). This subunit shows scatter in the bulk density and
porosity values; 2.7 g/cm?® (high value) and 2.4 g/cm?
(low value) for the bulk density data, and 28% (high value)
and 20% (low value) for porosity.

SITE 655

Table 4. Physical properties index, Hole 655A.

Interval Depth Bulk Grain

Core or piece  sub-bottom densitjv Porosity densit;'

section no. (m) (g/em?) (%) (g/cm-)
1H-C 5-8 2.97 1.44 79.8 2.55
2H-2 48-51 5.08 1.74 63.9 2.85
2H-3 48-51 6.58 1.65 65.1 2.69
3H-1 123-126 13.93 1.65 64.4 2.78
3H-5 75-78 19.45 1.73 65.4 2.81
4H-2 33-37 24.13 1.81 62.3 297
4H-4 19-23 26.99 1.71 68.7 2.7
4H-7 3-6 31.33 1.86 56.0 2.70
5H-2 87-90 34.27 1.65 60.8 2,52
5H-5 47-50 38.36 1.71 59.9 2.59
5H-6 24-27 39.64 1.76 60.7 2.80
6H-3 24-27 44.74 1.80 58.4 2.69
6H-5 129-132 48.79 1.91 55.8 2.83
7TH-3 80-83 54.90 1.82 56.8 2.79
TH-5 44-46 57.54 1.84 56.6 1.86
8H-3 10-13 63.70 1.80 58.2 2.78
8H-4 30-33 65.40 1.84 59.3 2.02
9X%-7 22-25 79.42 1.81 57.9 2.82

B. Subunit 2b (140-196 mbsf). This subunit shows an in-
crease of bulk density and a decrease of porosity with
depth. The bulk density ranges from 2.4-2.7 g/cm? (at
the top) to 2.7-2.85 g/cm? (at the bottom). The porosity
ranges from 20%-28% at 140 mbsf to 12%-19% at the
bottom of the hole.

The compressional wave velocity plot (Fig. 13) shows two
main trends:

1. Unit 1. From the mud line to the bottom of Hole 655A,
this unit corresponds to the sedimentary cover of the basement.
The velocities measured on samples show a slight increase from
1.49 km/s at the mud line to 1.79 km/s at the bottom of the
hole and an average value of 1.62 km/s.

2. Unit 2. This unit was sampled in Hole 655B and is com-
posed of basalt. Plot of the data shows (Fig. 17) an alternation
of high and low velocities. The abnormal (high and low) data
always correspond to breccia and/or limestone-dolostone sam-
ples without correlation between lithologies and velocities. The
measurements done on homogeneous basaltic samples justify
two subunits:

A. Subunit 2a (80-145 mbsf). This subunit shows an alter-
nation of high (4.8-5.2 km/s) and low (4.2-4.5 km/s) ve-
locities. Nevertheless, the average velocity seems to re-
main constant all along this subunit.

B. Subunit 2b (145-196 km/s). This unit presents an in-
creasing trend which ranges from 4.7 km/s to 5.3 km/s
for the high velocities and from 4.3 km/s to 4.9 km/s for
the low velocities.

Both vertical and radial velocities were measured on the sam-
pled basalts of Hole 655B (Fig. 17). The following observations
can be noted: (1) The breccia and limestone-dolostone samples
present an important acoustic anisotropy, without any particu-
lar spatial orientation; (2) Anisotropy of the basaltic samples
varies in intensity; however, increase in intensity of this anisot-
ropy vs. depth was noted. For most of the measurements, the
vertical velocity is higher than the radial velocity.

Shear Strength

Measurements were recorded all along Hole 655A cores (Fig.
18 and Table 8). The data show an increase in shear strength vs.
depth from the seafloor (3 kPa) to 65 mbsf (137 kPa). Below 65
mbsf, the shear strength decreases abruptly, probably because
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Table 5. Physical properties index, Hole 655B.

Interval Depth Bulk Grain
Core or piece  sub-bottom dcnsilzv Porosity densit!
section no. (m) (g/cm?) (%) (g/cm”)
1R-1 2 81.35 2.50 27.3 2.56
1R-1 4 82.00 2.59 21.6 2.56
1R-1 7 B2.64 2.43 26.1 2.65
1R-2 5 83.08 2.58 21.0 2.75
1R-2 10 83.81 2:52 21.0 2.69
1R-3 1 B4.29 2.48 224 2.53
1R-4 8 86.34 2.53 16.9 2.1
1R-4 12B 86.91 252 19.0 2.55
IR-5 2 87.50 2.64 16.3 2.67
IR-5 9 88.61 2.60 18.2 2.89
IR-6 4 89.07 2.51 25.4 271
1R-6 7 89.40 2.65 227 2.71
2R-1 4 91.26 2.55 214 2.86
2R-1 13B 92.00 2.60 2.2 2.75
2R-2 16 93.00 2.64 242 2.80
2R-2 s 93.64 2,52 25.1 2.75
2R-3 12 94.84 2.61 24.5 2.88
2R-3 13 94.94 2.7 21.2 2.78
2R-4 4 95.59 2.61 22.1 2.717
3R-1 2A 100.81 2.40 20.0 2.711
3R-2 4C 103.04 2.31 24.0 2.55
3R-3 3A 104.45 2.55 19.3 2,74
3R-4 1C 105.17 2.71 13.5 2.92
4R-1 2 110.24 2.47 28.4 2.9
4R-1 11 111.17 2.56 28.1 2.81
4R-2 2A 111.81 2.43 22.6 2.71
4R-2 7 112.56 2.35 243 27m
5R-1 2B 119.80 2.65 18.6 2.84
5R-1 8B 120.55 2.48 29.0 2.85
5R-2 9 121.93 2.42 27.0 291
5R-2 11 122.10 2,43 21.2 2.69
5R-3 1A 122.58 2.66 28.3 2.9
5R-3 12 123.84 2.44 28.9 2.92
5R-4 4 124.37 2.58 26.4 2.80
6R-1 8 129.71 2.54 17.5 2.82
6R-1 13 130.24 2.42 26.9 2.96
6R-2 5 131.02 247 26.7 2.81
6R-2 14 131.80 2.42 26.7 2.82
6R-3 2 132.37 2.47 24.6 2.92
6R-3 7 132.96 2.38 28.2 2.85
6R-4 1B 133.75 2.61 21.1 294
6R-4 BA 134.49 2.53 24.1 2.74
6R-4 11B 134.87 2.60 19.2 2.80
TR-1 3 139.20 2.63 21.5 2.70
TR-1 11 140.01 2.28 26.3 2.65
TR-2 3 140.52 2.49 21.7 2,65
TR-2 11C 141.53 2.50 25.8 2.84
TR-3 7 142.41 2.64 23.1 2.81
TR-3 14B 143.16 2.49 274 2,92
TR-4 6 143.83 2.58 22.7 2.97
8R-1 9A 149.19 2.72 20.2 2.99
8R-2 14 151.17 2.38 26.8 2,63
8R-3 2 151.45 2.56 16.6 2.63
9R-1 7E 158.76 2.51 249 2.81
9R-2 18 160.74 2.56 24.0 2,78
9R-3 3 161.39 3.00 15.9 3.02
10R-1 3 167.74 2.64 13.9 2.62
10R-2 2 169.28 2.84 12.9 2.84
10R-2 11 170.33 2.71 13.5 2.81
10R-3 13 171.85 2.67 15.3 2.m
10R-4 2 172.12 2.81 17.3 2.70
11R-1 2A 177.51 2.69 12.1 2.70
11R-1 5A 178.35 2.1 13.9 2.66
11R-2 8 179.20 2.87 16.3 3.17
1IR-2 23 180.35 2.56 23.4 2.7
11R-3 11 180.95 2.69 16.1 2.65
12R-1 2 186.90 2T 17.6 2.72
12R-2 3A 188.78 2713 19.6 2.70
12R-3 ) 190.78 2.75 13.0 2.76
12R-4 g 191.93 2.81 12.1 2.72

of drilling disturbances (overpressures). Two trends seem to be
present from the seafloor to 38 mbsf and from 38 mbsf to 65
mbsf.

Thermal Conductivity

Thermal conductivity was routinely measured on each sec-
tion (sometimes more frequently) of Hole 655A.. The results are
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Table 6. Compressional velocity, Hole 655A.

Depth Compressional
Core Interval  sub-bottom velocity
section (cm) (m) (km/s)
1H-1 19-22 0.19 1.494
2H-2 48-51 5.08 1.446
2H-3 48-51 6.58 1.536
3H-1 123-126 13.93 1.512
3H-5 75-78 19.45 1.561
4H-2 33-36 24.13 1.570
4H-4 20-23 27.00 1.559
4H-7 3-6 31.33 1.752
5H-2 87-90 34.27 1.593
5H-5 47-50 38.37 1.599
5H-6 24-27 39.64 1.542
6H-3 24-27 44,74 1.924
6H-5 129-132 48.79 1.645
7H-3 80-83 54.90 1.609
7H-5 44-47 57.54 1.601
8H-3 10-13 63.70 1.606
8H-4 30-33 65.40 1.600
9X-3 55-58 73.75 1.788
9X-5 56-59 76.76 1.779
9X-7 22-25 79.42 1.612

plotted on Fig. 18 and are listed in Table 9. The data show an in-
creasing thermal conductivity from 2.20 x 1073 cal/(°C X cm
% s) at the seafloor to 3.10 x 10~3cal/(°C X cm X s) at about
20 mbsf. The thermal conductivity remains constant at about
2.85 x 1073 cal/(°C x cm X s) from 20 to 53 mbsf. A small
step to 3.0 X 103 cal/(°C x cm X s) is noted at this depth,
then the thermal conductivity gently decreases to 2.80 x 103
cal/(°C x cm x s) at 65 mbsf. The bottom of the hole is
marked by an increase of thermal conductivity which goes up to
3.2 x 1073 cal/(°C X cm X s). In summary, four thermal con-
ductivity intervals can be distinguished: 0-20 mbsf, 20-53 mbsf,
53-65 mbsf, and 65-80 mbsf.

Conclusion

The physical properties measured at Site 655 show two main
units which are in good agreement with the lithology:

1. An upper unit, from the seafloor to the top of the basalt
at about 80 mbsf (Hole A). This unit corresponds to the Plio-
cene-Pleistocene sediments and is characterized by homogeneous
physical properties, as expected. However, the variability of the
grain density should be noted.

2. A lower unit, drilled in Hole 655B, is composed of basalt.
This unit is characterized by an alternation of high and low val-
ues of grain density, bulk density, porosity, and velocity. All the
curves indicate the same organization. The basalt is composed
of pillows or flows, and a close relation between the physical
properties of the samples analysed and their position in the pil-
lows and/or flows can be suspected. High velocity always oc-
curs in samples showing high bulk density and low porosity.
Such samples may indicate the central part of the pillows and/
or flows. Samples with low velocity and density are probably
from the peripheral part of the basaltic pillows and/or flows.

The basalt can be divided into two physical properties sub-
units: 80-140 mbsf and 140-196 mbsf. More precise investiga-
tions are required to study the relation between the composition
of the basalt, its mineral orientation, its vesicularity, and the
variations observed in the physical properties.

GEOCHEMISTRY

A few carbonate analyses were carried out to facilitate the
work of the sedimentologists. Results are listed in Table 10 and
plotted vs. depth in Figure 19, together with results of a few or-
ganic carbon determinations. Because ideal sapropel layers in



Table 7. Compressional velocity, Hole 655B.

Compressional
velocity
Depth /D
Core Piece  sub-bottom  Axis B-C Axis A
section  no. {m) (radial)  (vertical)
1R-1 2 81.35 4.3717 4.815
1R-1 7 82.64 4.445 4.366
IR-2 5 83.08 4.404 4.394
1R-2 10 83.81 5.175 5.151
1IR3 1 84,29 4,252 4.376
1R-3 13 85.26 4.453 4.475
1R-4 8 86.34 4.297 4.424
1R-4 12B 86.91 4.498 4.679
1IR-5 2 87.50 4.583 4.463
1IR-5 9 88.61 4.428 4.483
1R-6 4 89.07 4.327 4.418
1R-6 7 89.40 4.423 4.483
2R-1 4 91.26 4.426 4.417
2R-1 13B 92.00 4.820 4.632
2R-2 16 93.00 4.468 4.565
2R-2 5 93.64 4.262 4.340
2R-3 12 94.84 4.277 4.236
2R-3 13 94.94 4.485 4.672
2R4 4 95.59 4.342 4.524
3R-1 2A 100.81 4.261 4.197
IR-2 4C 103.04 4.099 4.138
IR-3 3A 104.45 4.480 4.501
R4 1IC 105.17 4.699 4.804
4R-1 2 110.24 4.013 4.006
4R-1 11 11117 4.617 4.668
4R-2 2A 111.81 4.927 4.318
4R-2 7 112.56 4.070 5.239
5R-1 2B 119.80 4.635 4.595
5R-1 8B 120.55 4.197 3.734
5R-2 9 121.93 4.122 4.250
5R-2 11 122.10 4.299 4.273
5R-3 1A 122.58 4.571 4.543
SR-3 12 123.84 4.079 4.107
5R-4 4 124.37 4.513 4.343
6R-1 8 129.71 4.682 4.686
6R-1 13 130.24 4,134 3.715
6R-2 5 131.02 4.313 4.395
6R-2 14 131.8 4.220 4.242
6R-3 2 132.37 4.699 4.824
6R-3 3 132.96 4.297 4.311
6R-4 1B 133.75 434 4.322
6R-4 BA 134,49 4.553 4.533
6R-4 11B 134,87 4.685 4.600
TR-1 3 139.20 4.849 4.999
TR-1 11 140.01 3.730 3.877
TR-2 3 140.52 4.467 4.452
TR-2 1c 141.53 4.669 4.446
TR-3 7 142.41 4.573 4.656
7R-3 14B 143.16 4.238 4.217
TR-4 6 143.83 4.025 4.146
8R-1 9A 149.19 4.378 4.347
8R-2 14 151.17 4.359 4.333
8R-3 2 151.45 4.669 4.769
9R-1 TE 158.76 4.549 4.586
9R-2 18 160.74 4.466 4.436
9R-3 3 161.39 4.903 5.089
10R-1 3 167.74 4.726 4.947
10R-2 Z 169.28 5.241 5.317
10R-2 11 170.33 5.085 5.106
10R-3 13 171.85 4.795 5.078
10R-4 2 172.12 4.658 4.719
1IR-1 2A 177.51 5.049 5.212
11R-1 5A 178.35 5.210 5.249
11R-2 8 179.20 5.087 5.248
11R-2 23 180.35 4.782 4.813
11R-3 11 180.95 4.968 4.895
12R-1 2 186.90 4.866 4.926
12R-2 3A 188.78 4.956 5.103
12R-3 7 190.78 5.166 5.180
12R-4 8 191,93 5.370 5.417

the Pleistocene sequence of Cores 2H and 3H were disturbed, a
special sampling technique was employed to allow for very closely
spaced samples. Results of C,, and CaCO; analyses from the
dense sampling of Samples 107-€SSA-2H-4, 63-78 cm at 8.2 mbsf,
and 107-655A-3H-1, 52-76 cm at 13.3 mbsf are also given in Ta-
ble 10 and depicted with a close-up photograph in Figure 8 (see
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Figure 15. Bulk density vs. depth in Hole 655B.

“Lithostratigraphy” section, this chapter). Because only two sam-
ples were taken for interstitial water analyses, these were not an-
alyzed on board.

DOWNHOLE MEASUREMENTS

Heat Flow

Introduction

Segments of Gortani Ridge and their buried prolongations
display a local negative heat flow anomaly when compared to
the average regional heat flow (Fig. 20). Heat flow values less
than 30 mW/m? and even down to zero were measured mainly
on the western side and near the bathymetric base of the struc-
ture (Figs. 21A and B). Heat flow values rise sharply eastward,
i.e., toward the center of the Vavilov Basin.

Data

Three heat flow measurements have been performed at Site
655 during the Advanced Piston Coring operations using the
Von Herzen temperature measurement probe. Temperature rec-
ords are of excellent quality. Measurement 1 (base of Core 107-
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655A-4H, 31.9 mbsf) gives a temperature of 15.77° + 0.02°C;
measurement 2 (base of Core 107-655A-6H, 51.1 mbsf) indi-
cates a 17.05° + 0.02°C temperature; measurement 3 (base of
Core 107-655A-8H at 70.2 mbsf) is 18.10° + 0.02°C.

A bottom water temperature of 13.22 + 0.01°C was mea-
sured during these three operations.

Temperatures records vs. time are presented in Figures 22 and
23A, and values are plotted vs. depth on Figure 23B, illustrating
the geothermal gradient.

At Site 655 the geothermal gradient does not fit a straight
line, but instead slowly decreases toward the deepest measured
interval. The quantitative variations of interval gradients are re-
ported in Table 11.

Thermal conductivity has been measured on board on sam-
pled cores, using the needle probe method; 49 measurements are
plotted in Figure 18. The means, as well as the mean for each in-
terval of temperature measurement, are listed in Table 12.

Conclusion

The thermal conductivity increases slightly toward the base
of the sedimentary series. Nevertheless, even taking into account

896

80
“Ao--0 | !
—SEx 0
——
« iy
,I
rd
100 p— —
f’ .
= =
T o= =a
120~ @==-—-_F -
"
~
~
~
5\
R By = -
I ®
= -
a
E oA,
140 — ————g L ] -
= -
=
o
a 3,
= 5 . 4
F
s
Fl
S
160 — -® —
’
7
/
‘s\__
@ Vertical S .
compressional -
180 — velocity = =
A Radial
compressional A
i velocity Nl
. | | | |
4 5 6

Basalt velocity (km/s)
Figure 17. Vertical and radial velocity vs. depth in Hole 655B.

the highest thermal conductivity value of 1.304 W/m?/s (3.24
10~3 cal/(°C x c¢m X s), obtained from Core 107-655A-9X,
within the last (2-3) interval of measurements, heat flow de-
creases from 88.6 for the 0-1 interval to 71.5 mW/m? for the
2-3 interval (see Table 11).

We propose, as a mean heat flow value for Site 655, a value
of:

85 + 4 mW/m? = 2.03 + 0.01 HFU.

Considering the geological environment and the structural
setting of Site 655, as well as previous shallow probe heat flow
determinations, we may propose that the decrease of heat flow
with depth is an effect of the proximity of the basaltic basement
in which bulk thermal conductivity is commonly about three
times greater than the sediments in which the temperatures were
measured. Such a lateral conductive effect is probably amplified
near the ridge flanks, where hydrothermal circulation through
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Table 8. Shear strength, Hole 655A.

Depth Shear
Core Interval  sub-bottom  strength
section {cm) (m) (kPa)
1H-1 42 0.42 3.25
2H-4 29 7.89 26.39
2H-6 60 11.20 22.54
3H-5 4 18.74 34.11
3H-7 4 21.74 27.41
4H-2 27 24.07 26.60
4H-4 25 27.05 33.70
4H-7 7 31.37 31.27
SH-5 5 38.25 72.12
5H-6 23 39.62 64.11
6H-3 22 44.72 37.88
6H-5 132 48,76 59.74
TH-4 50 56.10 61.92
7TH-5 50 57.60 64.11
8H-3 28 63.88 99.00
8H4 49 65.59 137.69
9X-4 62 75.32 28.45
9X-4 136 76.06 83.07
9X-6 48 78.18 52.35

SITE 655

Table 9. Thermal conductivity, Hole 655A.

Depth Thermal
Core Interval  sub-bottom conducr.iviti
section  (cm) (m) (10~ 3 cal/cm?/s)
1H-1 25 0.25 2.193
1H-1 50 0.50 2.476
1H-1 100 1.00 2.346
1H-2 50 2.00 1.959
2H-2 50 5.10 2.728
2H-3 50 6.60 2.635
2H-4 50 8.10 2.648
2H-5 50 9.60 2.741
2H-6 50 11.10 2.571
jH-2 50 14.70 2.916
IH-4 50 17.70 3.090
3H-5 50 19.20 2.867
3H-6 50 20.70 3.118
3H-6 100 21.20 2.854
3H-7 30 22.00 2.759
4H-1 60 22.90 2.802
4H-2 50 24.30 2.795
4H-3 50 25.80 2.860
4H-4 100 27.80 2.821
4H-5 100 29.30 2.842
4H-6 100 30.80 2.861
4H-7 40 31.70 2.864
5H-2 50 33.90 2.712
5H-3 50 35.40 2.606
5H-4 50 36.90 2.867
5H-5 50 38.40 2.320
5H-6 50 39.90 2.766
6H-1 100 42.50 2.825
6H-2 50 43.50 2.903
6H-3 50 45,00 2.866
6H-4 50 46.50 2.890
6H-5 50 48.00 2.916
6H-6 50 49.50 2.890
7H-1 100 52.10 2.810
TH-2 50 53.10 3.021
TH-3 50 54.60 2.968
TH-4 50 56.10 2.941
TH-5 50 57.60 3.024
8H-1 100 61.60 2.859
8H-2 50 62.60 2.896
8H-3 50 64.10 2.815
8H-4 50 65.60 2.804
9X-2 50 72.20 2.901
9X-3 50 73.70 3.150
9X-4 50 75.20 3.118
9X-5 50 76.70 3.165
9X-6 50 78.20 3.240

basalt fractures is likely to cause the large cooling effect ob-
served on and around this basement structure.

LOGGING OPERATIONS

Introduction

Logging operations at Hole 655B commenced at 0115 on 13
February. Two logging runs were planned: resistivity-velocity-
gamma ray-caliper (DIL-LSS-GR-CALI) and borehole televiewer
(BHTV). Borehole televiewer logging was planned as an aid in
delineating present-day stress directions.

The resistivity velocity run reached total depth (195 mbsf) at
0330 with only minimal difficulty. Measurements were recorded
logging up and the tool was returned on deck at 0630. The cali-
per log indicated excellent hole conditions. Schlumberger’s au-
tomatic velocity-picking software failed to pick first arrivals ac-
curately, so that reprocessing of the waveforms was needed on-
shore. The real-time data are reported in the section at the end
of this chapter.

The borehole televiewer was lowered from the rig at 0728. At
30 m below the drill floor the tool failed completely; trouble-
shooting attempts at the surface indicated that the failure was
probably caused by shorted conductors in the cable head. As a
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Table 10. Summary of carbonate con-
centrations measured at Site 655.

Depth C3C03 CDI‘

Sample (mbsf) (%) (%o
2H-2, 48-51 5.1 41.9
2H-4, 63-78 8.2 27.1 3.51
2H-4, 82-83 8.4 56.0
2H-6, 48-51 11.1 51.5
3H-1, 52-76 13.3 16.71 5.69
3H-1, 126-132 14.0 51.9
3H-5, 75-78 19.5 433
4H-2, 33-37 24.1 52.0
4H-4, 19-23 27.0 45.0
4H-7, 3-6 313 49.4 0.01
5H-1, 25-26 32.2 25.7
5SH-1, 72-73 32.7 33.8
SH-2, 87-90 343 63.0
5H-2, 132-133 347 28.6
5H-5, 47-50 38.4 13.7 0.07
5H-6, 24-27 39.6 49.1
6H-3, 24-27 44.7 63.6
6H-5, 129-132 48.8 42.3 0.09
7H-3, 80-83 54.9 53.5
TH-5, 47-49 57.6 60.0 0.01
8H-3, 10-11 63.7 50.1 0.11
8H-4, 30-33 65.4 51.4
9H-1, 55-59 71.3 65.8
9H-5, 56-59 77.3 65.6 0.01
9H-7, 22-25 79.9 61.8
Detailed analyses of CaCOj; and C,, in
two Pleistocene saproprels: Samples EH-d,

63-78 cm and 3H-1, 52-76 cm in 0.5-cm

intervals
CaCO; C,
Sample no. (%) (%
2H-4, 1 38.55 0.08
2 39.70 0.21
3 40.29 0.10
4 37.94 0.32
5 37.13 0.58
6 35.75 0.97
7 28.88 2.20
8 31.40 1.79
9 19.48 0.37
10 25.73 1.20
12 32.09 1.05
13 28.44 2.53
14 26.46 3.60
15 31.48 2.96
16 27.05 3.51
17 28.10 2.91
18 27.35 2.68
19 25.16 0.47
3H-1, 1 43.97 0.63
2 38.28 1.09
3 33.04 2.17
4 35.07 3.00
6 34.68 2.60
7 34,15 3.43
8 31.65 4.21
BA 31.14 4.29
9 25.93 4.79
10 20.99 5.06
11 16.71 5.69
12 15.72 5.05
13 13.49 4.28
15 17.32 2.73
17 18.30 1.33
18 19.65 0.34
19 21.27 0.25
20 24.06 0.22
21 20.63 0.27
22 23.77 0.11
23 23.67 0.27
24 22.08 0.51
26 34.90 0.42
28 40.16 0.13
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Figure 19, Percentages of carbonate and organic carbon plotted vs. depth
for Hole 655A.

strict time allocation did not permit reheading the cable, log-
ging operations were terminated at 0900 on 13 February.

Discussion of Results

A summary of the logging tools is given in Table 13. A brief
description of the principles governing each of the measure-
ments is given in the “Explanatory Notes” chapter, this volume.

The gamma ray log displayed in Figure 24 is corrected for
borehole effects; this correction compensates for attenuation of
gamma ray count rates caused by variations in hole size and by
drilling fluid. The average log value of 16 + 2 GAPI units is
high when compared to values (< 18 GAPI) in other relatively
fresh basalts (Salisbury et al., 1979; Mathews et al., 1984). The
higher gamma ray count rates observed at Site 655 suggest the
presence of potassium-rich alteration products lining or filling
some of the fractures observed in the cores.

Three different resistivity measurements were made, each with
a different depth of investigation into the formation. Resistivity
differences between induction (deep and medium) and focused
logs reflect the ability of the induction devices to “see” vesicu-
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lar pores; such pores are inaccessible to current-passing devices
like the spherically-focused log.

Sonic waveforms from 8-, 10-, and 12-ft receivers are shown
in Figures 25-27. All traces are normalized to the same maxi-
mum amplitude, Two distinct phases are present in the wave-
forms: the compressional wave and the Stoneley wave. In repro-
cessing of the waveforms we seek to correctly pick the first onset
of acoustic energy; this fastest wave is the compressional wave.
In crystalline rocks, the compressional wave velocity is most
sensitive to porosity and the distribution of pore shapes. The
late phase is the Stoneley wave, a guided phase which travels at
or near the borehole fluid velocity. Shear energy is recognizable
in the waveforms, but the first shear arrival cannot be easily dis-
tinguished. The highly variable compressional and Stoneley wave
attenuation carries much information about the in-situ mechan-
ical properties and will be studied in detail in our future work.

Two different schemes were attempted in reprocessing the
sonic waveforms; the first scheme (third track of Fig. 25) uses
the redundancy of several waveforms to create a velocity log un-
compensated for sonde tilt or washout; the second algorithm at-
tempts to repick the first arrivals using a cross-correlation algo-
rithm (fourth track of Fig. 24).

Even after reprocessing, the velocities do not show very good
correlation with resistivity or gamma ray curves. There is no evi-
dence that low velocity anomalies correlate to brecciated or highly
fractured intervals. Log velocities are lower than core velocities,
primarily a measurement scale effect. The average computed log
velocity from the reprocessed far receiver data (far right track of
Fig. 24) is 4.16 km/s, compared with 4.54 km/s core velocity.
These velocities are consistent with the high porosities (10%-
30%) recorded in shipboard physical properties measurements.

The logged interval includes 115 m of basaltic flows, the sed-
iment-basalt interface, and 10 m of the overlying sediment. On
the basis of resistivity, caliper, and gamma ray measurements,
three distinctive units are present in the basalts.

Upper zone: 81.5-125 mbsf. This is a higher resistivity, lower
radioactivity zone. Fractures and voids between pillows are filled

mainly with carbonates. Since gamma ray value is higher than
the average value in relatively fresh basalts from other sites drilled
in oceanic basalts (Salisbury et al., 1979; Mathews et al., 1984),
potassium-rich alteration products are likely present, maybe in
the early stages (palagonite crust after glass). A gradual increase
in porosity between 113 and 130 mbsf is suggested by the de-
creasing resistivity and is consistent with core physical proper-
ties.

Intermediate zone: 125-160 mbsf. This zone is marked by
lower resistivities and higher gamma ray count rates. We inter-
pret this as higher porosity and more prevalent alteration. Basal-
tic breccia was recovered in this interval, as well as altered glasses.

Lower zone: 160-195 mbsf. This zone is marked by high re-
sistivity and gamma ray values similar to the overlying interme-
diate zone. A general decrease in porosity with depth is inferred,
and is consistent with slight increases in velocity.

DISCUSSION AND CONCLUSIONS

The Pliocene-Pleistocene Sediments

The location of Site 655 on a topographic high, well above
the ponded turbidites, offered an opportunity to recover a pe-
lagic Pliocene-Quaternary sequence to address stratigraphic ques-
tions unanswered at Site 653. However, the sediment turned out
to be thinner than predicted and younger and less continuous
than hoped.

The sediments recovered range from lower Quaternary to the
uppermost lower Pliocene. The Pleistocene sequence includes
six sapropels or sapropelic layers. In two of the best-developed
sapropels, organic carbon content increases to a peak at the cen-
ter of the sapropel whereas carbonate content decreases to a
minimum at nearly the same level. Poor preservation of calcare-
ous nannofossils in the center of the sapropel suggests that the
carbonate low is a dissolution phenomenon during sulfate re-
duction. Together, the sapropels of Sites 652, 653, 654, and 655
may be used to constrain the depth range and lateral extent of
episodes of enhanced preservation of marine organic matter, pos-
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Figure 21. A. Subsurface geologic structure deduced from TYS57 air-gun reflection profile with superimposed magnetic
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duced from TY55 air-gun reflection profile with superimposed magnetic anomalies and heat flow distribution. The ar-
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sibly resulting from anoxia of bottom water in the Tyrrhenian
Sea.

The observation of sand layers and normally-graded beds in-
terpreted as turbidites is puzzling, given Site 655’s hilltop loca-
tion. These turbidites may be locally redeposited from the slightly
higher portion of the ridge which lies west and south of the site;
their mineralogy suggests a local provenance. It is also possible
that large volume, thick turbidity currents from a more distant
source flowed uphill and deposited turbidites on the topographic
high.

The lowermost 6 m of hemipelagic sediments above the con-
tact with basalt show a downsection color change from pale yel-
low to brown. A 5-cm-thick dolostone directly overlies the ba-

salt. The thickness of the anomalous “basal” sediments and de-
gree of difference between the “basal” sediments and the overlying
“normal” sediments is less at Site 655 than at either of the ear-
lier sediment/basalt contacts recovered (Site 650 or 651).

Basement

Prior to Leg 107, it had been suggested that Gortani Ridge
was a protrusion of upper mantle material, analogous to the
serpentinite ridge drilled at Site 637 on the Atlantic margin off
Galicia (Boillot et al., 1985). Although we have not conclusively
ruled out the possibility that the ridge may have a core of ser-
pentinite/peridotite under a carapace of basalt, the recovery of
120 m of basalt makes this hypothesis unlikely.
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The curved, glassy rims observed throughout the basalt sec-
tion suggest that the ridge is constructed of successive flows of
pillow basalts. The consistent magnetic inclination values of
50°-60° are close to that expected, indicating that the pillow
stack has not been tectonically disrupted, as might be expected
had the ridge been emplaced diapirically or by faulting.

After the extremely heterogeneous basement at Site 651 in
the axis of Vavilov Basin, a striking aspect of the Site 655 base-
ment was how little vertical variability was observed. We cored
only basalt, and even within the basalt there was little vertical
change in either structure or modal composition. Overall, the
Site 655 basalt is less altered than that recovered at Site 650 or
651; in some cases fresh glass (sideromelane) is preserved on the
pillow rims. The lesser degree of alteration may result from lower
post-emplacement temperatures, caused by the thinner sediment
cover (80 m at Site 655 vs. 602 m at Site 650 and 388 m at Site
651) and less steep thermal gradient (less than 9°C/100 m as op-
posed to 14°C/100 m at Site 650).

The age of the basalts is constrained by the observation of
reversed magnetic inclination throughout the basalt column, and
by the identification of biozones MPI3/NN15 in calcareous rocks

within cracks of the basalt. Together, these observations suggest
that the basalt erupted during the upper half of the reversed po-
larity event at the top of the Gilbert magnetic Epoch (3.4-3.86
m.y. ago). This is at least 1.5 m.y. older than the inferred age of
the oldest basalt recovered from the Marsili Basin (Site 650).
The estimated ages and the inferred oceanic-type geochemistry
of Site 655 basalts, if confirmed by shore-based analysis, will
support the concept that the Vavilov Basin is floored with tholei-
itic, oceanic-type upper crust.
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Table 11. Interval temperature, gradient, thermal conductivity, and heat flow at Site

655.
Sub-bottom  Temperature  Thermal Thermal Heat flow
Measured interval difference gradient  conductivity
interval (m) (o) (°C/km) (Wm~-le=!) n  (mW/m?) HFU
0-1 31.9 2.54 79.62 1.113 B8.6 2.12
1-2 19.2 1.28 66.66 1.159 77.3 1.85
2-3 19.1 1.05 54.97 1.213 66.7 1.6
(1.3) 5 71.15 1.7
0-2 51.1 3.83 74.95 1.136 85.1 2.03
0-3 70.2 4.88 69.5 1.161 80.7 1.93
Table 12. Thermal conductivity harmonic means for
each core and temperature interval measured.
Thermal conductivities
Wm~ e
Core Number of METHIOIIE KRS
number  measurements Per core Interval measured
1 4 0.939+0.04
2 6 1.099 +0.04
3 7 1226004  1113%01
4 7 1.187+0.01
5 5 1.111+0.05
6 6 1.206+0.02 1:159:£0.03
7 5 1.237+0.03
8 4 1.190+0.02 1.213+0.03
9 5 1.304 +0.05 1.304 +0.05
Table 13. Summary of log measurements at Hole 655B.
Depth
Mnemonic Tool Measurement Unit (mbsf)
CALI Caliper Hole size in. 70.0-185.0
GR Natural Gamma Ray  Natural radioactivity =~ GAPI  70.0-187.0
DIL Dual Induction Deep, medium, and 'm  70.0-194.5
focused resistivity
LSS Long Spacing Sonic Sonic transit time us/ft  70.0-182.5

(Short and long
spacing)
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Figure 26. Acoustic waveforms recorded by the long spacing sonic tool
are displayed for a source receiver spacing of 10 ft. The sediment-basalt
interface and the bottom of the drill pipe are seen clearly at 75 and 82
mbsf, respectively. The first arrival travels at the formation compres-
sional-wave velocity. The late high-amplitude arrival is a Stoneley wave,
traveling at a velocity close to that of the borehole fluid. Attenuation of
the Stoneley wave is often due to more intense fracturing in the forma-
tion.
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@ ° * 1,25 1,87 1,114 2,105 2,113 2,123 CC, 18
= D M D M M D D
=
TEXTURE:
Sand 8 90 8 25 10 5 50
Silt 10 5 12 40 30 15 30
Clay 82 5 80 35 80 80 20
COMPOSITION:
Quartz 3 20 2 8 1 7
Feldspar 11U2s T 12 1 - — —
Rock fragments
(including limestone) - 25 — 7 T — -
Mica T -10 T 3 2 - 2
Clay 51 - 43 27 45 31 17
Volcanic glass 5 - 3 Tr 1 2 25
Calcite 2 15 — 4 3 — -
Dolomite — =t 2 — = — 5
Accessory minerals — 5 1 2 2 1 —
Manganese
micronodules 2 -_ —_ - 3 - 2
Zeolites 1 = — - = e =
Foraminifers 5 _ 3 6 6 8 3
Nannofossils 28 — 40 25 25 50 8
Diatoms —_ — L - 1 -_ =
Radiolarians 2 - — T g 1 —
Sponge spicules T — 2 2 T 1 —
Fish remains
(ortholith? teeth?) — — — 1 —_— — -
Micrite — - 4 3 7 5 30
Limonite — _— = — 1 -— =
Other opaques — - -— - 1 — —
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SITE 655 HOLE A CORE 2 H CORED INTERVAL 3293.1-3302.7 mbsl; 3.1-12.7 mbsf
BIOSTRAT. ZONE/ -
= | FossiL cHaracTeR |, | & 2|a
% @ | @l e 2 E ':‘ g
=
¥ |5(5|% wlg| crapmic | 3|8 LITHOLOGIC DESCRIPTION
o B - e Sl LiTHoLoeY | e | B | o
T2l [3]2 = o |5 2 2G|y
w ZE|lola|B =3 -l =1 = [ 3 =
Z|2|2|5|% “l1egl&|s] 2lall
FlR|IZ|Z]|a |E|5|¥]| ¥ S|lwl|a
- - e =
N 1 L 1
) g B 1 MARLY NANNOFOSSIL OOZE and SAPROPELS
> = H !
g b os4 L L [ Marly nannofossil ooze, with numerous alternations of light brownish gray (2.5Y
o L 0 ! SR 6/2) with light gray (2.5Y 7/2, 5Y 7/2 and 6/1), brown (10YR 5/3), and light
1 S A olive-gray (5Y 6/2); moderately bioturbated. Foraminifers and pteropods
2 2 N SRR S abundant. Section 4, 146-150 cm, and Section 5, 0-32 cm, is a debris-flow
© & 1.0 1 1 composed of multicolored mud pebbles in a pale olive (SY 6/3) mud matrix.
o ] 1 Section 2, 17-18 cm, is a zeolitic sand, and Section 7, 7-10 cm, Is a sandy
< i o | | N siltstone. Micronodules commonly occur, and in Section 3, a 1-mm-thick,
= % E - olive-brown (2.5Y 4/4) iron manganese crust was observed.
3 P - ”
S 5 [ S - Sapropels; Section 4, 58-100 cm, is a well-developed sapropel; 58-59 cm is
< -?.!. J- L - olive (5 4/4) and finely bioturbated, 59-64.5 cm is greenish gray (5GY 5/1)
g b +4 L 1 and laminated; 64.5-67 cm is black (5Y 2.5/1) and laminated; 67—70 cmis dark
. LR = L E * olive-gray (5Y 3/2) and laminated; 70-100 cmis gray (5Y 5/1) and bioturbated,
b 2 Tk 1 Section 6, 75-115 cm, is a probable sapropelic layer; 75-85 cm is light
w ] L yellowish brown (2.5Y 6/4); 85-89 cm is greenish gray (2GY 6/1); 88-80 cm
e ~4- 1 | = is grayish green (5G 5/2); 90-95 cm is gray (5Y 5/1), and 95-115cm is
bl — N I olive-gray (5Y 5/2). The entire interval is moderately bioturbated.
N E 4
S R e ] [
S D (I
[T I i
4 1 1 " SMEAR SLIDE SUMMARY (%):
=] g PN [
e — 2,17 2,50 4,67 4,8 8646 7,9
ps g 41,1 U M D M D D M
o 1-, L - |
o 1L _L_LL g TEXTURE:
= ol sl Sand 80 25 20 5 4 30
5 - o o = [ Silt 10 25 25 5 ] 20
% 0 = I S Clay 10 50 55 90 20 50
L3
% = 17 = 1 COMPOSITION:
@ .
o = ol [
sty o Quartz 5 3 1 1 1 15
51 |2 3lol | 422 ] | e S T B OE OB &
e - |94 = % Clay 13 18 23 26 30 23
u o x|e = Volcanic glass = @® = = =
Zlw ° 1= i = [ Dolomite — 1 3 2 1 1
g © s (T (| [ Accessory minerals — 1 3 1 T 2
S o 17 | M zeolis 0w - - 1 = 5
(<] = um = po— e = s
s ] —L‘_L—I" i Micrite 0 10 15 5 — 10
L = - Foraminifers 5 12 2 4 3 2
o s AN T 1 % Nannofossils 2 5 4 60 65 30
e R Radiolarians — 2 — — — —_
@ 11— 1 Sponge spicules - - T — — —
% - L 1 Silicoflageliates — - o - - 2
- 5 4 1 | Micronodules - 1 4 — — 3
g R e l Opagues — o— 4 — — —
8 C P B ||
3 x SO -
4- L. )l
Tt =l
o | [ fl
1 A SO
& 1- o | |!
° o [ K
] 1- L | [
AR =t t
-
= 1 1 \
4- L -
J=d= ol {
ST Iy
7 1- L _
. 4 L 1
- = = i
© CC e A R
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SITE 655 HOLE A CORE 3 H CORED INTERVAL 3302.7-3312.3 mbsl; 12.7-22.3 mbsf
BIOSTRAT. ZONE/ a5 .
£ | FOSSIL CHARACTER | ., | & RN
= o | e S|
=1 = 2=
< 2|32 = § a|2
o ld|le|= = GRAPHIC e
g I§ alg|, s g E N CITHOLOGY al ] % LITHOLOGIC DESCRIPTION
] s|lk|la]= = w|o -] 2 ) ]
w Z[2)2]|2 Slal|z|E| & Il%)a
= | 2|8k Jl=|lu|lo]| dlal=
F 22|85 slz|5|8| 2 3|83
4= L d]
=4 _1 | | MARLY NANNOFOSSIL OOZE and SAPFROPELS
o e L l Marly nannofossil ooze, mainly light gray (5 7/1, 2.5Y 7/2), with gray (5 6/1),
P 0.57] , | #l light olive-brown (2.5Y 6/2), and pale yellow (5Y 7/4); contains a small
® | B=—-—— * percentage of detrital quartz and abundant foraminifers. Sections 4 and 5 show
q === g alternations of darker bioturbated 10 cm-thick zones and lighter homogeneous
- L zones of variable thick In Section 5,30 cm, a very dark olive-brown (2.5Y
o W] EEE 3/2) silty layer occurs. The bottom of Section 6 and Section 7 show debris
o5 T highly disturbed by drilling.
4 Wod o s { ) _ )
- 5 Sapropels: Section 1, 62-72 cm, is black (5Y 5/2) and 10 cm thick; Section 1,
L 1 1 | | # 143-145 cm Is clive-gray (5Y 4/2) and 2 cm thick; Section 4, 87-75 cm is
£ - Sp, dark olive-gray (5Y 3/2) and 10 cm thick; Section 5, 12-14 cm, is dark olive-gray
== = ] (5Y 3/2) and 2 cm thick. Each is followed upsection by a zone of gradational
@ 4 L L change in color with diagenetic fronts as thick as 20 cm.
© oy R (NS
- g J . L #
G _H_ 1 £ SMEAR SLIDE SUMMARY (%):
LS 1
3 i = - 1,68 3,80 5 30
1 7 s =R M D M
= ez ST =
sho  adlc TEXTURE:
1= | . Sand 15 4 20
%] al
:_"J“ ! _I__ t g;ﬂ 20 4 20
=1 1 ay 65 92 60
) | s Wil COMPOSITION:
® 5 e I *
~ - 1 _ Quartz 4 2 8
(Qo -+ _1 | Feldspar — —_ 3
Yy i = Clay a7 46 43
w o 1 1 | I Volcanic glass — —_ 3
= g R Calcite/dolomite 5 T 3
w|-< 4= s | Accessory minerals 2 T 2
O 5l 1L+ L |l Micronodules i = s
E i b 4- L. l Opagques — — 5
) = L L l Zeolites - 8
i o) 1 L _|I Foraminifers 3 2 T
T B 4 B~ w7 Nannofossils 40 45 15
| g o ] 11 Sponge spicules 1 1 2
L o 7 Silicoflagellates = 2 T
é 1 A gl | " Micrite 5 2 10
3 i ey ) | |
G ) st I |
L] I
T= == =1
1L L]l *
1 SO E— I
2 9 2. A
-
- ° : 1 L _] I
. 4 1 1
I 1 | | -
4 3 | 0G
o - R =
A T EEC, I
© =3 1 a1 |l 0
g - L L ||
r~ = 6 J- L. |
b e B R .
= = e T S Il
5 .l
. |
|
21 |
o s |
] —
3] cC 5 :
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SITE 655

SITE 655 HOLE A CORE 4 H CORED INTERVAL 3312.3-3321.9 mbsl; 22.3-31.9 mbsf
BIOSTRAT. ZONE/ .
L |FossiL cHARACTER | ,, [ @ 8a
£ o | E S| 8
o|o|ea Fle =
¥ |8 HE 215, SHAPHIC HE LITHOLOGIC DESCRIPTION
212|822 z 4 = & LITHOLOGY ] ?_ 0
- w (1]
o |3[212]12| |S|alZ|E| & 3l%ls
Z2 |z|Z2|al= Jdlx=lw]|le]| = z|lal=
‘: o < - - - - 4 x w w @ w -
('8 = - 4 [~ a o o w = o o w
Al i e N |
5 7 _L-__J_Hl_ MARLY NANNOFOSSIL OOZE
[ - -
o |~ 0.5— i AN Marly nannofossil ooze, light gray (2.5Y 7/2, 5Y 7/2); some foraminifer-rich
vil e - i e | layers or pockets occur randomly in Sections 1 through 4 and more rarely in
= 1 7 e Sections 5 and 6; bioturbation is common. In Section 4, 50 em, a 3 cm-thick,
] gray (2.5Y 6/0) volcanic ash layer occurs. From Section 3 to base there are
o 104~ L - ! many color altemations; in Sections 3 and 4 alternating colors are white (2.5Y
e ] 4 L 8/2) and pale yellow (2.5Y 7/4); from Section 5,90 cm, to the base alternation
has . e S becomes frequent; each interval is 10 cm thick, and colors ara more variable
e 9 = il with pinkish tones dominating: pinkish white (7.5YR 8/2, 5YR 8/2), pink (7.5YR
b a5 U] IO [N | 7/4 and 8/4, 5YR 7/3 and 7/4), pinkish gray (7.5YR 7/2), and reddish yellow
- 2 s EN (7.5YR 7H).
= A k
° 11 o 1
. SO I .
2 a I i 10 SMEAR SLIDE SUMMARY (%):
] I B 1 3,55 4,43 549 7,31
b —|—_J__—|— M M M D
. TEXTURE:
A= == o
1 Sand 2 10 32 1
i N silt 10 80 10 14
s i I ) \ Clay 88 10 58 85
A -_‘_-'— ey | COMPOSITION:
3] . L . Quartz 4 3 1 T
41 1 Feldspar 1:; g — T
o2 FE ) Mica AR —
4 1 1 Clay 36 10 3 42
- Violcanic glass - 53 —_ ==
% 1~ 1 _I__ Accessory minerals 1 T - —
w [fe] N Zeolites 3 1 5 2
o - 2 1-, L+ - I Pyroxene -~ T = —
S oz oo N —L-_L—J— | Foraminifers 4 ; g; sg
= @ 1- - Nannofossils 50 1
a_} o olu ) i [N PRE., I Al % Intraclasts - 3 1 1
=2 2 1= 1 | |w
w ||z L[4 4 f
21 = d— .
_ 2 4L
i 2 el -
= Iels <
o L B
= 1
o i N S
= 1L
- 4 _ {|*
5 4 L 1
T ol -
- 44
o) E=S O ==
J4ads
B I
o S I
- A =il =
I o
2 AN S
3 T !
2 (e -+~ - [}
1 wvoip
F Y g =
& S S SO
* o p s e
* S SN
il o N |
2| A a4
1 I *
z|e 4 ]
s(S kol o L. L.}
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SITE 655 HOLE A CORE S5 H CORED INTERVAL 3321.9-3331.5 mbsl; 31.9-41.5 mbsf
- BIOSTRAT. ZONE/ - =
_z. FOSSIL CHARACTER 8 I&r E 3
= w| o e = | = |5
¥ |E|7|% bl GRAPHIC 25
AEE " g glE|. | wimeoLoey ; . LITHOLOGIC DESCRIPTION
MHHEHEBEHABEE: ile|e
= [§|15|12|= |2 |£|8)| & |83
L Llz|le|a a |l |o| e = g ‘é{ ;
i S IS
. 1L _I__L MARLY NANNOFOSSIL OOZE and VOLCANICLASTIC TURBIDITE
i 05— - L The sediment is mainly a clear, bioturbated fossil ooze with |
® T el s foraminifers. Section 1, 0-75 cm, shows color variations from dominant pink
«| s N I (7.5YR 7/4) to pale yellow (2.5Y 7/4) and reddish brown (7.5YR 7/6); the
o -+4_ 1 ! remaining colors are predominantly yellow (5Y 8/6) and white (2.5Y 8/2).
> 10 1L L 1
IS ] ] Section 5, 15~100 cm, thick turbiditic sequence of volcaniclastic material, rich
g i g I | = t in black, heavy minerals (pyroxene); 44-75 cm, contains numerous well-
- preserved laminations as much as 1 cm-thick; 75-98 cm is massive sand
- T enriched in heavy minerals.
© 41 L L
< o s = Section 6, 38 cm, is a 2 cm-thick graded layer of foraminifer sand; Section 6,
i | i 143 cm, is a 2 cm-thick layer of altered volcanic glass.
Q = ks = t
peas -1 *
Tleol 2 2 P IR, T8
=le Jo udle ol 18 SMEAR SLIDE SUMMARY (%):
g jia NI
o - = y 2,65 5,48 6,39 6 145
g 41 lE T L] D D M M
- L _
I T TEXTURE:
Jes . =l
2 - Sand — 60 3| 25
d ws, sl Silt 15 30 15 60
q-, 4+ - Clay 85 10 54 15
m P, SEAE:
3 2 PR B COMPOSITION:
9 el Gl
e, e Quartz 2 15 2 6
i ] Feldspar = 8 — 12
w N I Mica T e - =
= il i o Clay 37 10 19 15
w © ] - Volcanic glass — 47 T 45
3] - - -+ - Calcite/dolomite - - 4 =
o |lwl=z 4 == <= Accessory minerals = 2 ==
Sl= = 4- L _ Pyroxenes — 5 = T
o Ll Tl 2kl Zeolites T T — 12
=% 2 4 - 1 _ Foraminifers ;g g 3 E
w = A Nannofossils
- = ? J = I ks Sponge spicules — — == L
j = 1= = Intraclasts 1 3 8 —
B o Micrite - 7 = -
o T el =
2 4 L 1
e o -
~ i i il
?:_l" 2 ] *f'\‘\ Q\”_‘-\\ uf:.-
LAR — L" i-‘ii_,—_-.;u = #*
5 d37 v =
Tus vy 257
- M\: \bﬂ“ SE2
i I
j - L
il | =
ele ts PP B B
Nlo : = P £
- b e I ”
; 6 J= b =
= g el =l
© da e =
<4 2. Jda
o - — - |
= 1L 1 U %
= - A _
= 17 | t
7 J= &l =
e t
= —r— nirty
CcC 3 a4 ol
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SITE 655

SITE 655 HOLE A CORE 6 H CORED INTERVAL 3331.5-3341.1 mbsl; 41.5-51.1 mbsf
BIOSTRAT. ZONE/ ;
& | FossiL cHaracTER | , | @ 2w
3 8|z £(E
- | 2|52 A |2
wlg g GRAI a
g l1t|8lz|, slgl&|. sy | 2 E . LITHOLOGIC DESCRIPTION
1 [Fls|dE 3.2z & H A
22|55 wlelZlE| @ 2|a|2
FlE|2|2]|a s|E|5|8] =2 E|8|a
T S T
1-L- - NANNOFOSSIL OOZE, DEBRIS FLOW, and VOLCANIC ASH
o o ol Nannolossil 0oze in Section 1 is light gray (2.5Y 7/2), pale yellow (2.5Y 7/4),
P! S and pink (7.5YR 7/4); in Section 2itis light brown (7.5YR 6/4) to pinkish gray
1 11 | (7.5YR 7/6); in Section 3itis pink (7.5YR 7/4), reddish yellow (7.5YR 7/6), and
-_ 1 reddish brown (10R 6/8); in Section 4 itis white (5Y 8/1) and light gray (5Y 7/1)
1.0 _J = exceptfor 70-120 cm, which is pink (7.5YR 7/4-6/4-6/6); in Section 5itis light
T 1 gray (5Y 7/2) to pale yellow (5Y 7/3); and in Section & and the CC it is light
E = | - olive-gray (5Y 6/2). The whole interval is bioturbated.
=L = One 45-cm-thick debris flow occurs in Section 5, 60-105 cm, with reworked
L B s pebbles of marly nannofossil coze as large as 3.5 cm in diameter; a second
Joo, 2l = debris flow, which is not easily identifiable because of intense burrowing,
S | possibly exists in Section 2, 60-72 cm.
- | L - A volcanic ash layer occurs in Section 4, 38 cm.
2| emsEg ||
i PR iy
- L SMEAR SLIDE SUMMARY (%):
1L :
4= = 3,83 6,19.5
= S = D D
- =L
LEN 4 A =l TEXTURE:
=+ | = -
bl o — " il Sand 14 7
[} - 3 - Sitt 25 10
= L - L Clay 6 83
g © 7 _L._L__i_ f| %
— ® P
o | % |r.} o — COMPOSITION:
J x| bl 1- ) Quartz 9 2
o = o =] 4 [ Feldspar 4 —_
W E < T Bty E!Ica 1 —_
L= i lay 33 24
ol I = - =L Calcite/dolormite T =
o 4 v Accessory minerals — 1
44 L Zeolites T =2
4 i e Foraminifers 4 23
1 [ g B Nannofossils 45 46
z S I Micrite 3 —
— L L Bioclasts -— 4
T L
| |
9 4 L
© 1 1 1
1 4 1. _
- I T
@ s BN SR
= 5 Jea =1 -
= Ja %'_Q‘O o9 5 j t
> o0 B
] B n: =
=9 G Py W
o|e —4— 1
041 1
F g B =
e I e ¥
6 2 S St
L L
© - L
S 4 . 2l
o CcC 1 [
b | ] 1
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SITE 655 HOLE A CORE 7H CORED INTERVAL 3341.1-3350.6 mbsl; 51.1-60.6 mbsf
BIOSTRAT. ZONE/ = i
£ | FossiL cHaRACTER | | W 2w
z 2le E|w
- |E|2|8 g8 @| g
O lYlm|= =2 GRAPHIC al|le
g % § g, E g E bl LToLosY | g E 3 LITHOLOGIC DESCRIPTION
R EIE-IG = < [ | (el g I =]
|| =¥ wlw|=E| - W i s
= el|lz|o|= - T T - S|lal=
FlE|2[2|3]| |#|2|F|4| G 5|83
VOTD
91 = ' ez | FORAMINIFER-NANNOFOSSIL OOZE
1~ t I Banded i annofossil ooze shows variations in color that are generally
0] = gradational, Section 1is dominantly light gray (2.5¥ 7/2), yeliow (2.5Y 7/6), and
1 o i * light yellowish brown (2.5Y 6/4) at the top, and brownish yellow (10YR 6/6),
q4 - =4 i very pale brown (10YR 7/4), and white (10YR 8/2) at the base. Section 2 shows
1- —+— == variations from white (10YR 8/1) to yellow (10YR 7/6). Section 3is mainly white
1o . (10YR 8/1), with two thin yellow intervals (10YR 7/16). Section 4 is very pale
4 ' = brown (10YR 7/4-7/3) or pale brown (10YR 6/3) with a light gray (5Y 7/2)
g S S interval at 30-70 cm. Sections 5, 6, and CC are light yellowish brown (2.5 6/4).
e = i
2y : ! SMEAR SLIDE SUMMARY (%):
s f 1,70 3,82 5,132
- i D D M
o 2 4 - =
e 1- + - TEXTURE:
= g+ —+
£ a4 = = Sand 4 5 5
1 - Silt 16 10 45
~ = ++_ Clay 80 85 50
w
5. % i el COMPOSITION:
o 1+ -+ Quartz 2 3 T
w e s ol Feldspar 1 1 —
= 0| e o4 -+ 4+ Clay s 46 30
LIJ © e~lw | B0 30 T Volcanic glass = e T
=4 e e e T % | Accessory minerals 1 1 T
2122 o S = Zeolites 1 1 T
=11 = Foraminifers 12 12 20
als|o o= =t Nannofossils 46 34 40
- 4= == = Sponge spicules — — Tr
L’I_-I = 11—+ =+ Micrite 2 — 10
7 = 1- + - Bioclasts - 2z —
3 ]+ -+ |
g == =
- q =+ —+
a| 4| =+ .-
- 1=+ —
= g= 4= =
= s e i
o A
e 91—+ —+
- I
@ I ==
Sls ] - -
~|8 1+ —+
oo = i
s| 41—+ —+
4+~ —+ -
e i o
%=
e o4 = ==
+ | - +— | %
o b e ]
alZ — -+ -
2|5 6] 14+ —+
~ — —+ =
© TEEEEE =N




SITE 655

e e —-_.....-... s —

LEG

.
7

SITE

921



SITE 655

SITE 655 HOLE A CORE 8H CORED INTERVAL 3350.6-3360.2 mbsl; 60.6-70.2 mbsf
- BIOSTRAT. ZONE/ m .
% FOSSIL CHARACTER 3 E %‘l &
- 2|22 8 AE
= o o
S |e(8|z glg|z v - LITHOLOGIC DESCRIPTION
R E R :|1*|2|8| 2 2= |8
wl2(g|2|2 Slalz|E| & 3% g
2 |5[213(5| [2|5]8]5] & z|6]3
Flulzlx|a SE|5(8] = Elé8|a
—_— _'__ -
. - T SAND
1 - : FORAMINIFER-NANNOFOSSIL OOZE, ASH LAYERS, and Y SILT
3, T The dominant lithology is rannofossil coze containing up to 20%
08 —+— —— dolomite; predominantly gray (SY 6/2), with zones of very pale yellow (10YR
1 - —+ = 712-TH), yellow (10YR 7/8), and pink (5YR 7/3) in Section 1,70-110 cm, and
94—+ -+ Section 2, 50-60 cm; reddish yellow (7.5YR 6/8) in Section 2, 10-50 cm.
1o T Ashlayers 810 cm-hick are presentin Section 4,88-106 cm, and Section 5,
4+ 4 * 15-23 cm; a1 em-thick layer is found in Section 4, 70 cm; ashlayers are very
4 dark gray (2.5Y 3/0).
-4 = = In CC, 10 cm, a rock fragment occurs,
2 1+ —+
b0 S
N *
= 4 f N i SMEAR SLIDE SUMMARY (%):
oo ]
= &l g =5 == 1,127 2,38 2,135 3,45 4,80 4,97
=S :l— -+ D D M M M M
4+ —+
° A g o TEXTURE:
s 1=+ —+
¥ | o g T W(*| sand 20 10 10 2 10 25
% ~|w Silt 20 10 10 30 — 50
< oo 1 ’ Ly = Clay 60 80 80 50 90 25
S el 3~ == | composmON:
— -t * =
|5z o4 == == Quartz T 2 T 15 10 12
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| Graphic Representation
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CORE/SECTION  9%°CC 10X-1 11X-1 12X-1

Altered vesicular basalt. Phenocrysts of Ca-plagioclase in a
groundmass of olivine, plagioclase and alteration products.
Chilled margins common. 107-655A-10X-1, Piece 9 is a micrite
(with planktonic forams and nannofossils) in contact with altered
basalt. Interval 107-655A-12X-1, 0-80 cm consists of fragments
of altered basalt and dark mud. Occasional carbonate veins and
crusts.
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alteration products. Vesicles are fequently lined with carbonates.
Chilled glass margins common. Occasional carbonate veins and

scattered skeletal plagioclase, olivine, rare clinopyroxene, and
crusts.

Altered vesicular aphantic basalt. Glomeroporphyritic texture.
Clusters of Ca-plagioclase phenocrysts are set in a matrix of

CORE/SECTION
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alteration products. Vesicles are fequently lined with carbonates.
Chilled glass margins common. Occasional carbonate-filled

scattered skeletal plagioclase, olivine, rare clinopyroxene, and
veins.

Altered vesicular aphantic basalt. Glomeroporphyritic texture.
Clusters of Ca-plagioclase phenocrysts are set in a matrix of
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Same as Core 1. 107-655B-4R-2, Pieces 2d and 2e are

brecciated, carbonate cemented basalt.
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12a, 12b, 12c, 12d, and 12e are brecciated basalt cemented by
carbonate. 107-655B-5R-2, Pieces 10 and 11 are limestone with

inclusions of basalt.

Same as Core 1. 107-655B-5R-1, Piece 4 is limestone with
inclusions of altered basaltic glass. 107-655B-5R-2, Pieces 5,
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Same as Core 1. Carbonate veins rarely present.
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Same as Core 1.107-655B-7R-1, Piece 11, and 107-655B8-7R-2,

Piece 1, are carbonate cemented basaltic breccia.
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Same as Core 1. 107-655B-9R-3, Piece 1 has phenocrysts of

Ca-plagioclase and euhedral olivine.
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CORE/SECTION

Same as Core 1. Glomerocrysts of Ca-plagioclase and euhedral

olivine in 107-855B-12R-1, Piece 2.
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