9. SITE 653: CORNAGLIA TERRACE!

Shipboard Scientific Party?

HOLE 653A

Date occupied: 29 January 1986

Date departed: 31 January 1986

Time on hole: 2 days, 13.7 hr

Position: 40°15.86'N; 11°26.99'E

Water depth (sea level, corrected m, echo-sounding): 2817
Water depth (rig floor, corrected m, echo-sounding): 2828
Bottom felt (m, drill pipe length from rig floor): 2831.8
Total depth (m): 3072.5

Penetration (m): 240.7

Number of cores: 26

Total length of cored section (m): 240.7

Total core recovered (m): 211.5

Core recovery (%): 87.8

Deepest sedimentary unit cored:
Depth sub-bottom (m): 220
Nature: evaporitic sequence
Age: Messinian
Measured vertical sound velocity (km/s): 1.7-4.9

Igneous or metamorphic basement: none

i Kastens, K. A., Mascle, J, Auroux, C., et al., 1987. Proc., Init. Repts. (Pt.
A), ODP, 107.
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HOLE 653B

Date occupied: 31 January 1986

Date departed: 2 February 1986

Time on hole: 2 days, 10.5 hr

Position: 40°15.86'N; 11°26.95'E

Water depth (sea level, corrected m, echo-sounding): 2817
Water depth (rig floor, corrected m, echo-sounding): 2828
Bottom felt (m, drill pipe length from rig floor): 2831.4
Total depth (m): 3095.7

Penetration (m): 264.3

Number of cores: 28

Total length of cored section (m): 264.3

Total core recovered (m): 216.5

Core recovery (%): 81.9

Deepest sedimentary unit cored:
Depth sub-bottom (m): 216
Nature: evaporitic sequence
Age: Messinian
Measured vertical sound velocity (km/s): 1.7-4.9

Igneous or metamorphic basement: none

Principal results: Site 653 was located 1/2 mi northeast of DSDP Site
132, on the eastern rim of the Cornaglia Basin in the western Tyrrhe-
nian Sea (Figs. 1 and 2).

Neither hole was logged. Five heat flow measurements on Hole
653A revealed a nonlinear thermal gradient that decreases steeply
downsection from 12.9°C/100 m in the top of the hole to 5.04°C/
100 m near the base of the hole.

Two major sedimentary units were recovered (Fig. 3):

Unit I: Cores 107-653A-1H to 107-653A-25X-1, 23 cm, 0-221.6
mbsf; Cores 107-653B-1H to 107-653B-24X-1, 50 cm; 0-216.6 mbsf;
Age: Pliocene-Quaternary.

In general, Unit I represents an interval of open marine hemipe-
lagic to pelagic sedimentation; the sediments are dominantly grey
and brown nannofossil ooze and foraminiferal nannofossil ooze with
minor mud. Carbonate content ranges from 12% to 90%, averaging
50%. The unit can be further divided into Unit Ia, characterized by
lower carbonate content and the occurrence of sapropels (maximum
organic carbon concentration = 4.2%), clastic layers and volcanic
ash layers; Unit Ib, characterized by higher carbonate content and
the absence of sapropels, clastic layers, and volcanic ash layers; and
Unit Ic, characterized by a reddish and yellowish coloration attrib-
uted to iron oxides. Site 653 Unit I correlates with Units I plus II of
DSDP Site 132.

The Messinian-Pliocene boundary (near the boundary between
Units I and II) has been recognized by the base of foraminiferal zone
MPI1 (Sphaeroidinellopsis acme zone) and as such occurs at approx-
imately 230 mbsf in Hole 653A and 225 mbsf in Hole 653B. Zone
MPI1 is underlain by a 10-m-thick “non-distinctive” biozone (lac-
carino and Salvatorini, 1982) which lacks age-diagnostic species of
planktonic foraminifers. Nannoplankton of smaller size, indicating
somewhat restricted marine conditions, are few to common down to
the base of Hole 653A (240 mbsf; within lithologic Unit II) and
down to 245 mbsf in Hole 653B.
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Figure 1. A. Location of Site 653 on bathymetric map of Tyrrhenian Sea. B. Location of Site 653 on single channel

seismic line collected during approach to site.



Unit II: Cores 107-653A-25X-1, 23 c¢m, to 107-653A-26X, CC,
221.6-240.7 mbsf; Cores 107-653B-24X-1, 50 cm; to 653B-28X, CC,
216.6-264.3 mbsf; Age: Messinian.

Unit II represents sediments of restricted marine to evaporitic
and subaerial environments. Carbonate content is low (0%-20%).
Lithologies present in the two holes include: biotite- and gypsum-
bearing sands, calcite-cemented siltstone, nannofossil mud, dolo-
mitic nannofossil mud, calcareous mud, nannofossil- and foramini-
fer-bearing marly calcareous (dolomitic?) mud, and brilliant yellow
and red muds and silts containing iron oxides, sulfur, and sulfates.
Gypsum is present as very friable gypsum with wavy laminations,
balatino-type laminated gypsum, powdery white gypsum interbed-
ded within dull-red muds, and as centimetric layers of lenticular and
nodular gypsum intercalated within calcareous dolomitic(?) nanno-
fossil muds. The correlation among the Messinian sediments of Holes
132, 653A, and 653B is not straightforward, suggesting significant
lateral facies variability.

BACKGROUND AND OBJECTIVES

Regional Setting and Previous Work

Of all of the holes drilled in the Mediterranean during DSDP
Legs 13 and 42, only Site 132, in the western Tyrrhenian Sea, re-
covered a near-complete Pliocene-Quaternary pelagic section (Fig.
4). Every other site suffered from unconformities, most com-
monly of early Pliocene age. Because of this difficulty in find-
ing a complete stratigraphic section in the deep Mediterranean,
there was a groundswell of support among the various strati-
graphic communities for a reoccupation of this thus-far unique
site. By coring two adjacent holes with the advanced piston core
(APC)/extended core barrel (XCB) combination, Site 653 might
recover a more complete and less disturbed sedimentary section
than had been achieved by rotary drilling on Leg 13.

Site 132/653 is located at the eastern rim of the Cornaglia
Basin (Fig. 5), an area where relatively flat-lying seafloor is un-
derlain by a thick evaporite-bearing sedimentary sequence. Based
on interpretation of seismic reflection and refraction profiles
(Figs. 4 and 6; Finetti et al., 1970; Fabbri and Curzi, 1979; Ma-
linverno et al., 1981; Duschenes et al., 1986), the Cornaglia Ba-
sin appears to be one of the few parts of the Tyrrhenian where
the complete Messinian evaporite sequence is well developed, in-
cluding the halite-bearing, diapir-forming “lower evaporite unit.”

Acoustic basement rises gradually toward a peak to the east,
from 4.75 s below sea level at Site 132/653, to 3.9 s below sea
level about 20 km east of the site (Figs. 4 and 6). This basement
high seems to be the along strike continuation of Monte Secchi,
a seamount from which calcareous phyllites and calc-schists have
been dredged (Colantoni et al., 1981). These dredge results, as
well as seismic refraction data (Recq et al., 1984; Steinmetz et
al., 1983; Duschenes et al., 1986), suggest that Site 132/653 is
located on thinned continental lithosphere. A detailed heat flow
survey just west of the site determined a mean heat flow of
134 + 8 mW/m? (Hutchison et al., 1985).

At Site 132, Pleistocene and Pliocene foraminferal marl oozes,
volcanic ash, and sand were found between the seafloor and 188
mbsf (Ryan et al., 1973). Sands and ash layers are more com-
mon between the seafloor and 50 mbsf (Site 132 lithologic Unit
I) and uncommon between 50 and 188 mbsf (Site 132 lithologic
Unit II). The Pliocene/Pleistocene boundary occurred at 70 mbsf,
and has no lithologic expression. From 188 to 223 mbsf, DSDP
132 recovered an evaporitic series of Messinian age. From top to
bottom, the evaporitic series comprised (1) interbedded sands
and marls containing micritic calcite and very fine-grained anhe-
dral dolomite (182-191 mbsf), (2) laminated gypsum with traces
of quartz and fragments of chert (191-198 mbsf), (3) dolomitic
marl with thin intercalations of gypsum (207-214 mbsf), and (4)
interbedded layers of consolidated and plastic gypsum (214-223
mbsf).

SITE 653

Objectives

The primary objective at Site 653 was to recover, as completely
as possible, a near-continuous pelagic Pliocene-Pleistocene sed-
imentary sequence. A secondary objective was to recover the
upper 50 m of the Messinian evaporitic sequence to document
the evolution from the desiccated basin into marine conditions.
This site was envisioned as a “deep-sea type section” at which
various stratigraphies based on paleomagnetics, tephra, stable
isotopes, and paleontology could be compared and calibrated.
A high-resolution, focused study on one site has potential bene-
fits in several disciplines. The coring summary is shown in Table 1.

Pliocene-Pleistocene Biostratigraphy

Detailed biostratigraphic investigations will be carried out on
benthic and planktonic foraminifers, calcareous nannoplankton,
and pollen. This coordinated approach should allow a definitive
correlation between the different zonal schemes currently in use
in the Mediterranean area for different microfossil groups.

All stratotypes of the chronostratigraphic units for the Plio-
cene and Pleistocene (Zanclean, Tabianian, Piacenzian, Cala-
brian, Sicilian, Selinuntian), as well as the Pliocene-Pleistocene
boundary section (Vrica section), are located in Italy. Unfortu-
nately, these type sections are less than ideal because of dilution
by varying amounts of allochthonous detritus and because plank-
tonic markers are sometimes sparse or of only local significance.
By correlation of these stratotypes with the deep-sea sequence
recovered in Site 653, it should be possible to test the reliability
of the biostratigraphic events recognized in these classic type
sections.

Absolute dates for the biostratigraphic events recorded in the
Italian type sections have been difficult to establish. Unfortu-
nately, efforts at correlations to the paleomagnetic time scale
have been hindered by chemical overprinting and low intensities
of magnetization in the type sections. The only magnetostratig-
raphy available directly from the Mediterranean Neogene is that
from the Vrica section, where the section is so short that the
correlation is ambiguous. Because of the lack of reliable dates
in the type sections, the dates for Pliocene-Pleistocene chrono-
stratigraphic units have depended on extrapolation from the At-
lantic or elsewhere, where chronologic constraints are stronger.
However, the assumption that these events were synchronous in
the enclosed basin of the Mediterranean and in the open ocean
is controversial (Cita, 1973, 1975; Ryan et al., 1974; Thunnell,
1979; Spaak, 1983; Rio et al., 1984). We were optimistic that it
would be possible to obtain a useable paleomagnetic stratigra-
phy at Site 653; this would allow a relatively unambiguous dem-
onstration of the synchroneity or diachroneity between biostrati-
graphic events in the type sections and in the rest of the world.

Finally, detailed stratigraphy and paleoenvironmental recon-
struction provide the necessary framework to study the evolu-
tion of certain Pliocene species which are unknown from the
Atlantic and appear to have evolved only in the Mediterranean,
e.g., Globoratalia bononicusis (Colalongo and Sartoni, 1967;
Conato and Follador, 1967; Gradstein, 1974; Zachariasse, 1979;
Scott, 1980; Spaak, 1981).

Miocene-Pliocene Boundary and the Cause of the Messinian
Salinity Crisis

The Miocene-Pliocene boundary signifies the end of the Mes-
sinian salinity crisis and the return of marine conditions. The
boundary stratotype is in Sicily at Capo Rossello where the bound-
ary coincides with the base of the Trubi marls and the base of
the Sphaeroidinellopsis acme zone (Cita et al., 1973). The use of
an acme (abundance rather than first appearance or extinction)
zone is an inherently unsatisfactory means of identifying such
an important boundary. Furthermore, because of the drastic en-
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Figure 2. Summary of results obtained at Site 653.

£59 HLIS



SITE 653

L.
w =
58 o
g T -
o —
e 2 g
£E8 ao €
%3 o2 w o o
Lo ox E 3 ! o
.82 a E o
X z% 2 3 s
Recovery (%) o to & ¢ £
+ €
0 100 Generalized lithology wwFPr% @ & General sediment types o Age
0 = I T T T
T I =" T I
=] T I T
T T =1 T T
—T: T | I I :
S — — — I 2
e ] Nannofossil and
T 1 I | E— | | Ko "
I I I T T = foraminifer -nannofossil i
e R I . e la | Pleistocene
=5 4[ o % o
1 1 1 | -
I T I I T =
I T T T 1 S
I I I——1 =
T T I T 1 z
1 | 1 1 1 PR
= I I T - 5
T T I T T I
| | | 1 1
I 1 T T I T
== Y S DA 1
1 ! 1 1 b I |
| 1 1 L 1 L 1 . 1 - | L 1
100 = I I I I I
T T I——1 I e |
_ T | I I | I
&= I T I T I T I
w e T I  —
o T T T T T T T
E T T T == T )
= S e e ! Nannofossil and
o I I I I I I
4 =) I T 1 I T =N ,
8 T T E =TT - 1 foraminifer-nannofossil | 1b
a = T T T T
 E— — —  — —
L Pliocene
I T T T T T T
T T T =1 T oozes
1 1 1 1 1 1
T T T I T I
1 T 1 1 1 1 1
T ——1 T T I T
T T T T I =
1 1 1 1 | I |
T I T I T I I
T T T T }
B K T S
T T T I T 1
200 = S S S S——
T T =—F
B L e Marly calcareous and le
a1 - — calcareous oozes
I I T =
I I I FAE i
i i —
T — ] Marly calcareous mud, . :
— —_ . essinian
T . I . I 5 3 e gypsum, sand, mudstone
T T T e Lt
1 T e (f= B
T I T
Legend
| 1 -
I =g
I T 2
1
Calcareous Terrigenous Evaporites
biogenic

Figure 3. Composite log obtained for Site 653.

vironmental changes occurring at the end of the Messinian, it
seems very likely that this biostratigraphic event was not syn-
chronous in the Sicilian type section and the rest of the world.
Magnetostratigraphy provides the most promising opportunity
to tie the Miocene/Pliocene boundary of the Mediterranean into
the open ocean.

The correlation between Mediterranean Messinian events and
the open ocean provides a critical constraint for understanding
the causal relationship (if any) between Messinian Mediterra-
nean salinity crisis and glacio-eustatic cycles. It has been sug-
gested that southern hemisphere late Miocene glaciation trig-
gered desiccation by lowering sea level below the sill into the
Mediterranean (Adams et al., 1977; McKenzie et al., 1979). Was
eustatic sea level change also responsible for the end of the
Mediterranean desiccation? A rigorous comparison of the tim-
ing of the terminal Messinian flooding with the timing of Atlan-

tic glacial/interglacial cycles would test this hypothesis by deter-
mining whether global eustatic sea level was rising or falling at
the time of the terminal flooding.

Paleoenvironment

Glacial-interglacial cycles became evident in the Mediterra-
nean at about 2.5 Ma (Bizon and Miiller, 1977; 1978; Thunnell
and Williams, 1983) with an intensification at the beginning of
the glacial Pleistocene (0.9 Ma). These world-wide climatic fluc-
tuations are recognized by changes of foraminiferal and nanno-
plankton assemblages (Ciaranfi and Cita, 1973; Cita et al., 1973;
Thunnell, 1979; Miiller, 1978), as well as in the oxygen isotopic
record (Thunnell and Williams, 1983). However, more subtle de-
tails of the stable isotope and faunal records are probably re-
lated to local climatic and hydrographic changes. For example,
the 80 record for Site 132 contains some very light isotope val-
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Pleistocene

Marl oozes with ash and sand layers

Terrigenous oozes: low CaCOj, 30%—40%.
Olive to olive gray with some varicolored beds.
Ash beds at top and bottom.

Sand laminae of foraminiferal and quartzose sand (contourites).

Light burrowing.
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Intercalation of layers yielding marine planktonic assemblages and barren layers.
All the gypsum beds suggest replacement of sedimentary strata of algal mats.

Figure 4. Seismic line, lithology, and biostratigraphy at DSDP Site 132 (from Ryan, Hsii, et al., 1973), located on the Tyrrhenian Rise. G = gypsum.
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SITE 653

Figure 5. Location of Site 653 (Holes 653A and 653B) on the Sardinian margin (so-called Cornaglia Basin). Site 653 is 1/2 mi east of former DSDP
Site 132 where an almost complete Pliocene-Pleistocene section was drilled.

ues which have been related to decreases in surface water salini-
ties (Thunnell and Williams, 1983). Similarly, the accumulation
of large specimens of Braarudosphaera biglowi, which is seen in
the lowermost part of nannoplankton Zone NN19 in the eastern
and western Mediterranean (Miiller, 1978; 1985), may indicate
locally decreased salinity. A more detailed isotope and faunal
stratigraphy is needed to distinguish and date these subtle, local
changes in paleoenvironment which are superimposed on top of
the world-wide trends.

Paleoceanography

The physical oceanography of the modern Mediterranean is
dominated by the excess of evaporation over precipitation. This
single characteristic leads to downwelling in the basin, isohaline
and isothermal conditions down to the seafloor, and an export
of high density salty water out through the Straits of Gibraltar
where it forms a distinct warm-water mass which profoundly in-

fluences the circulation of the North Atlantic. It is not clear
when this condition developed; in the early Pliocene, the deep
waters of the Mediterranean apparently originated in the Atlan-
tic (Vergnaud-Grazzini, 1985). Site 653 provides an opportunity
to make a detailed comparison of benthic and planktonic faunal
and isotopic records in order to reconstruct bottom and surface
water conditions in the Tyrrhenian Sea during the Pliocene-
Pleistocene, and thus date the onset of the Mediterranean anti-
estuarine (lagoonal) circulation pattern.

Site Selection

As originally proposed, Site TYR2 was 10 nmi south of DSDP
132, in an area where the seismic documentation was more com-
plete. This position was rejected during the application for clear-
ance to drill in Italian waters because of the proximity of a tele-
phone cable. The site was therefore repositioned adjacent to
DSDP Site 132.
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Figure 6. Survey seismic line during approach to Site 653 and location of Site 653. The top of the upper evaporite sequence and the top of the acoustic

basement rise eastward toward a small seamount.

OPERATIONS

Strategy

Since the major goal at Site 653 was to obtain as complete as
possible recovery of the Pliocene-Pleistocene sequence, the cor-
ing program was planned as two adjacent holes. The first hole
was planned to reach to the Miocene-Pliocene boundary. If time
allowed, the second hole could be extended as much as 50 m
into the Messinian. Each hole was to be cored as deep as possi-
ble with the advanced piston corer (APC); after APC refusal,
the extended core barrel system (XCB) would be used to core
down to the target depth. Since magnetostratigraphy was im-
portant, all APC cores except for the shallowest two at each
hole (before the bottom hole assembly was stabilized) would be
oriented with the compass inside the multishot camera tool. Heat
flow measurements were planned at 40-m intervals in the first
hole, with a maximum of 5 measurements, using the Von Herzen
instrument while APC coring and the Uyeda probe after the
switch to XCB coring.

This site was planned as a reoccupation of DSDP Site 132.
Thus, in contrast to our previous site approaches, the goal on
the approach to site 653 was to drop the positioning beacon at
an exact latitude and longitude, rather than a geologically de-
fined position on a given seismic reflection profile. Therefore
the plan was to steam directly from Site 652 to the new site, tim-
ing the arrival on site to fall within the operational window of
the Global Positioning System (GPS), which was predicted be-
tween 1920 on 28 January and 0140 on 29 January. Since the ex-
isting seismic profiles across and near DSDP site 132 were of
poor quality, new seismic data would be collected beginning about
10 nmi before the site (Fig. 6).

Approach to Site

During the latter part of the transit from Site 652, the vessel
was navigated using GPS; Loran was monitored, but appeared
to be unstable. At 2300 on 28 January 1986, the vessel slowed to
6 kt to stream seismic gear. The course remained unchanged at
265°. Seismic source, receiver, recording, and processing tech-
niques are described in the “Explanatory Notes” chapter, this
volume.

At 2313, almost 3 hr before the predicted end of the window,
the GPS system stopped tracking, and began displaying the mes-
sage “IAC,” indicating initial acquisition of a GPS satellite. Al-
though the system was apparently locked onto four satellites,
each with good signal to noise ratio (41 to 46) and good eleva-
tion (27° to 57°), it produced no fixes for the next hour. Loran
position continued to fluctuate erratically with frequent leaps of
several miles, and Loran cycle skip and signal strength warning
lights were displayed intermittently for both master/slave pairs.
The ship was steered by dead reckoning, but since there had
been no independent position fixes since the change of speed,
and since the ship’s pit log is often in error by a knot, the dead
reckoning position had to be viewed with suspicion.

By 0000 on 29 January, it was apparent that a beacon drop
could not be considered without additional navigation control.
Bathymetric and geological features could not serve as reliable
landmarks, because we had chosen not to follow a pre-existing
seismic line on our approach. We therefore decided to reinitial-
ize the GPS system and slow the ship from 65 to 40 rpm in
hopes that GPS would be operational again and/or a transit
satellite scheduled for 0105 would come in before we crossed the
site. At 0053, GPS started again, giving a position nearly 2 mi
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Table 1. Coring summary table for Holes 653A and 653B.

Sub-bottom  Length Length
Core Date depths cored recovered  Recovery
no. (1986) Time (m) (m) (m) (%)
Hole 653A:
1H Jan 29 1200 0.0-3.7 3.7 3.7 100.8
2H 29 1300 3.7-13.2 9.5 9.8 102.7
3H 29 1400 13.2-22.7 9.5 9.6 101.4
4H 29 1500 22.7-32.2 9.5 9.8 102.8
5H 29 1700 32.2-41.6 9.4 9.9 104.9
6H 29 1800 41.6-51.0 9.4 8.7 92.1
TH 29 1915 51.0-60.5 9.5 10.0 105.2
8H 28 2015 60.5-70.0 9.5 9.6 101.2
9H 29 2200 70.0-79.6 9.6 10.2 106.4
10H 29 2315 79.6-89.0 9.4 8.8 93.6
11H 30 0045 89.0-98.2 9.2 9.6 104.8
12H 30 0145 98.2-107.7 9.5 9.0 94.6
13H 30 0345 107.7-117.3 9.6 9.0 94.1
14X 30 0630 117.3-126.6 9.3 9.5 102.4
15X 30 0800  126.6-136.1 9.5 3.6 37.7
16X 30 1000 136.1-145.6 9.5 8.3 87.1
17X 30 1130 145.6-155.2 9.6 8.9 92.9
18X 30 1445 155.2-164.1 8.9 8.4 94.2
19X 30 1630 164.1-173.7 9.6 8.1 84.0
20X 30 1800 173.7-183.2 9.5 7.7 80.6
21X 30 1945 183.2-192.9 9.7 7.8 80.3
22X 30 2330 192.9-202.4 9.5 6.4 67.0
23X 31 0130 202.4-211.9 9.5 9.6 101.5
24X 31 0315  211.9-221.4 9.5 9.0 94.5
25X 31 0530 221.4-231.0 9.6 3.0 30.7
26X 31 0930 231.0-240.7 9.7 3.5 36.1
Hole 653B:
1H Jan 31 1930 0.0-6.1 6.1 6.1 100.3
2H Feb 1 0130 6.1-17.6 11.5 9.2 79.9
3H | 0215 17.6-27.1 9.5 9.7 101.9
4H 1 0330 27.1-36.6 9.5 9.7 101.9
5H 1 0430 36.6-46.0 9.4 9.5 100.5
6H | 0515 46.0-55.4 9.4 9.5 100.7
TH 1 0600 55.4-64.9 9.5 9.6 101.0
8H 1 0700 64.9-74.4 9.5 4.7 49.0
9X 1 0845 74.4-84.0 9.6 9.3 97.1
10X 1 1015 84.0-93.4 9.4 9.3 99.0
11X 1 1130 93.4-102.6 9.2 9.6 104.6
12X 1 1315 102.6-112.1 9.5 9.5 100.2
13X 1 1445  112.1-121.6 9.5 9.5 99.5
14X 1 1615  121.6-131.0 9.4 2.6 27.8
15X 1 1800  131.0-140.5 9.5 9.7 102.1
16X 1 1945 140.5-150.0 9.5 9.7 102.2
17X 1 2130  150.0-159.6 9.6 9.7 100.7
18X 1 2330 159.6-168.5 8.9 9.6 108.2
19X 2 0115  168.5-178.0 9.5 9.7 102.0
20X 2 0300 178.0-187.0 9.0 9.7 107.4
21X 2 0445  187.0-197.2 10.2 9.8 95.6
22X 2 0700  197.2-206.7 9.5 9.7 102.3
23X 2 0845  206.7-216.1 9.4 8.8 93.4
24X 2 1100  216.1-225.7 9.6 1.7 18.0
25X 2 1345  225.7-235.3 9.6 1.6 16.9
26X 2 1545  235.3-2449 9.6 2.4 24.5
27X 2 1830  244.9-254.6 9.7 6.6 68.4
28X 2 2245  254.6-264.3 9.7 2.8 29.1

to the northeast of the dead reckoned position; less than 5 min
after this position was recorded, GPS reached the end of its
night window. A transit satellite at 0110 confirmed the GPS po-
sition. At 0125, the ship changed course to 242°, to come down
to the site from the GPS/transit satellite position. As soon as
the ship changed course, the Loran warning lights spontane-
ously cleared up, and the Loran position more or less stabilized
at a location 1/2 mi east of the position inferred from dead
reckoning since the 0110 transit satellite position.

The ship continued at 40 rpm on course 242°, At 0158, when
the dead reckoned position agreed with the position of DSDP
Site 132 (40°15.70'N; 11°26.47'E) the beacon was dropped. The
Loran position at the drop was 40°15.74'N; 11°27.09'E. In ret-
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rospect, the Loran was more accurate at the time of the drop
than the dead reckoning, since the final position of Site 653 did
lie east of Site 132. The seismic line was extended approximately
3 km past the drop point to collect a high-quality line to illus-
trate the geologic setting of the site. Seismic gear was brought
on board at 0235.

The observation that the Loran quality had markedly and
suddenly improved when the ship changed course from 265° to
242° raised the possibility that the derrick might be shadowing
the Loran antenna from the Lampedusa (southern Italy) Loran
station. To test this suspicion, the ship was turned slowly through
540° before proceeding back to the beacon. Throughout this
pirouette, the Loran position remained steady and no Loran
warning lights were observed.

The vessel returned toward the beacon to begin dynamic po-
sitioning. A transit satellite fix at 0345 suggested that the bea-
con was east of DSDP site 132, so the ship was positioned 400 m
west of the beacon to begin drilling. An average of transit and
GPS fixes while drilling gave a position of 40°15.86'N; 11°
26.99'E for Hole 653A and 40°15.86'N; 11°26.95'E for Hole
653B. The Loran C coordinates of Hole 653B were 40°15.72'N;
11°26.80'E, using the X and Z slaves. Loran time delays were:
X, 12943; Z, 51805. The signal from the Y Loran slave was
unusable.

Hole 653A

Hole 653A was spudded at 1120, January 29. The advanced
piston corer (APC) was used for Cores 107-653A-1H through
Core 653A-13H. Cores 107-653A-3H through 653A-13H were
oriented with respect to north. The sticky nannofossil coze of
lithostratigraphic Unit I proved to be difficult material to core
using piston coring techniques. Core 107-653A-6H was at least
half flow-in; Cores 653A-7TH, 653A-8H, and 653A-9H appeared
to be in good condition; but then Cores 107-653A-10H, 653A-
11H, 653A-12H, and 653A-13H had shattered or collapsed lin-
ers and considerable visible disturbance. Officially, APC recov-
ery averaged 100%. However several percent of this may be due
to the expansion of the sediment during recovery; expansion is
inferred because several cores protruded as much as 5 cm be-
yond the end of the liner, and several liners arrived on deck split
lengthwise.

Extended core barrel coring began at 117.3 mbsf with Core
107-653A-14X. A previously unused, prototype venturi vent sub
was used with the XCB system. The venturi vent sub is credited
for the very undisturbed, high recovery cores in the XCB part of
the hole. Recovery while XCB coring in the Pliocene-Quater-
nary section was 88%, with the exception of Core 107-653A-
15X (127-136 mbsf) which recovered only 37%. As the same in-
terval in the 653B hole (Core 107-653B-14X, 122-131 mbsf) also
had very poor (28%) recovery, it seems that there was a stratum
with anomalous hard-to-recover physical properties at this level,
but no trace of unusual lithology was noted in the cores. Evi-
dence that the cores were expanding during recovery was seen
down to at least 200 mbsf. From Core 107-653A-15X onward an
“overtrimming” cutting shoe was used which cuts a core that is
smaller in diameter than the inside diameter of the core liner.
This technique avoided the coring disturbance that had been
fairly pervasive in Cores 653A-1H through 653A-14X.

Heat flow measurements were made in the Pliocene-Quater-
nary section at 41.6, 79.6, and 117.3 mbsf using the Von Herzen
instrument and then at 155.2 and 192.9 mbsf using the Uyeda
probe.

The top of the Messinian evaporites was noted on the rig
floor by a marked drop in rate of penetration at 224.5 mbsf.
The hole was terminated according to plan at a depth of 240.7
mbsf.

The pipe was pulled to 70 mbsf and a down-looking, black
and white remote video camera was lowered on a frame that en-



circles the pipe. The goals of this exercise were to observe the
hole and mound of cuttings of the 653A hole, to attempt a reen-
try into Hole 653A without a reentry cone, and to observe the
seafloor penetration of the first core of Hole 653B. The hole
was seen as a barely perceptible circle too faint to relocate and
reenter.

Hole 653B

The ship was offset 180 ft to the west before spudding Hole
653B. The drill string was positioned 4 m deeper to shoot the
first piston core of Hole 653B than it had been for 107-653A-
1H, so that the unrecovered gaps between cores would fall at
different levels in the stratigraphic section. Whereas Core 653A-
1H of Hole 653A had penetrated 3.6 mbsf, Core 653B-1H of
Hole 653B penetrated 6.1 mbsf. The first piston core of Hole
653B released prematurely, probably due to severe heave of the
vessel.

Hole 653B was APC cored through Core 107-653B-8H, where
liner failures were once again observed. Since XCB cores had
been nearly as full and not nearly as disturbed as APC cores in
Hole 653A, the switch to XCB coring was made earlier in Hole
653B, at 74 mbsf. Cores in Hole 653B were not oriented, and no
heat flow measurements were made.

The change in drilling characteristics associated with the top
of the Messinian evaporitic sequence was noted at 223 mbsf.
Within the Messinian, recovery dropped to 31%. The hole was
terminated according to plan after 40 m of penetration into Mes-
sinian, at a total depth of 264.3 mbsf.

Recovery in the Pliocene-Quaternary sequence averaged 92%
while piston coring and 100% while using the XCB (leaving out
Core 653A-14X as noted above). These percentages include six
APC cores and nine XCB cores which had apparent recovery
over 100%, presumably the sediment expanded after the over-
burden pressure was removed.

LITHOSTRATIGRAPHY

Description of Lithologic Units

Two major lithologic units were identified between the sea-
floor and the base of the drilled holes at 241 mbsf (Hole 653A)
and 264 mbsf (Hole 653B). Definition of these two units is based
upon lithologic, textural, and carbonate content changes that
occur at and below the Pliocene/Miocene boundary. Correla-
tions between Holes 653A and 653B remain tentative, but obser-
vations based upon physical stratigraphic similarities suggest com-
parable sequences, particularly between lithologic units and their
subunits (see next section).

Lithologic Units I and II at DSDP Site 132 correspond to
Unit I at Site 653; DSDP Site 132 Unit III corresponds to Unit
II at Site 653.

Unit I

Cores 107-653A-1H to 107-653A-25X-1, 23 cm; depth 0-221.6
mbsf; thickness 221.6 m.

Cores 107-653B-1H to 107-653B-24X-1, 50 cm; depth 0-216.6
mbsf; thickness 216.6 m. Age: Quaternary, Pliocene, plus sev-
eral tens of centimeters of probable Messinian.

In general, Unit I represents an interval of hemipelagic to pe-
lagic sedimentation. Carbonate content increases steadily down-
core from an average of 40% (maximum 67%) in the upper part
(Subunit Ia; see below) to an average of 60% (maximum 91%)
(Subunits Ib and Ic). These are values measured from Hole 653A,
where two samples were taken from each section for calcium
carbonate determination; at Hole 653B, sampling was less fre-
quent, about one sample per core (see “Geochemistry” section,
this chapter). Volcanic ash layers and sapropels (black muds
with measured or presumed organic carbon content greater than
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2%) are present within Unit I. Sediment colors reflect these var-
ied lithologies: light gray to brown in oozes and muds, black in
sapropels, various gray shades in volcanic ash deposits, and
brown-red-yellow in sediments at the base of the unit.

Unit I was deposited at an average sedimentation rate (not
corrected for compaction) of about 3.9 cm/1000 yr. Slightly lower
rates of 3.2 and 3.8 cm/1000 yr were calculated at neighboring
Site 132 for approximately the equivalent time duration. This
unit is equivalent to lithologic Units I and II at DSDP Site 132.

Subunit Ia: Cores 107-653A-1H to 107-653A-10X; depth 0-
85.7 mbsf; thickness 85.7 m. Cores 107-653B-1H to 107-653B-
10X; depth 0-86 mbsf; thickness 86 m; corresponds to litho-
logic Unit I, DSDP Site 132.

Subunit Ia is delineated by lower carbonate content values in
oozes (large fluctuations in these values), the occurrence of cal-
careous muds, as well as by more varied lithology including thin
deposits of tephra, sapropels, and foraminifer sands than else-
where in lithologic Unit I.

Subunit Ia contains light gray and brown marly nannofossil
ooze and marly foraminiferal-nannofossil ooze as the dominant
lithologies; calcareous mud is a minor constituent. Carbonate
content averages 40%, but fluctuates between 12% and 67%
(lowest value 1.2% within a normally-graded volcaniclastic layer),
and increases downsection. Large fluctuations in these values
possibly reflect glacial-interglacial changes.

Sapropels are present as gray sediments with considerably
varying carbonate content (observations mainly from nanno-
plankton study) with an organic carbon content of 2% or more.
In the absence of organic carbon measurements on all layers,
sapropels tentatively are identified by dark colored calcareous
muds or oozes usually with a yellow-brown lamina of diagenetic
(oxidation) origin a few centimeters above the mud/clay. Ptero-
pod shell fragments often are scattered within these sapropels as
well as within oozes.

About 30 clastic layers (different numbers in each hole, de-
pending on the completeness of cored sequences) containing vol-
canic debris, usually glass or pumice fragments, were identified
in smear slides or presumed present on the basis of similar ap-
pearance in split cores. Textural sorting characteristics or admix-
tures of biogenic material suggest an epiclastic origin by turbid-
ity currents for at least half of these deposits. Volcanicity, never-
theless, was and continues to be a major factor in sedimentation.
Thin siliciclastic layers with normal grading but with minor vol-
canic component detritus are rarely present.

A debris flow about 50 ¢cm thick with deformed multicolored
nannofossil ooze/mud clasts in a mud/clay matrix occurs in both
holes at comparable intervals (Sections 107-653A-3H-5, 55-105
cm, 19.75-20.25 mbsf, and 107-653B-3H-1, 121 cm, to Core
653B-2H, 20 cm, 18.81-19.30 mbsf. In both holes it is overlain
by a foraminifer sand (Fig. 7). The similarity in appearance and
stratigraphic position of this deposit argues against its origin as
a drilling disturbance, despite severe coring disturbances in sur-
rounding cores at both holes. Interestingly, the occurrence of
multiple overturned strata in Sections 107-653B-3H-3, 0-150 cm,
107-653A-4H-3, 0-150 cm, and Cores 107-653A-5H, 60 cm, to
107-653A-6H, 40 cm, controversially interpreted (drilling defor-
mation?), may represent slumps which are not equivalents in
both holes. Slumping probably occurred off the Secchi Seamount
and the Monte della Rondine south of it, the only nearby high
ground.

Subunit Ib: Cores 107-653A-10X to 107-653A-23X-6; depth:
85.7-210.1 mbsf; thickness: 124.4 m. Cores 107-653B-10X to
107-653B-23X-2; depth: 86.0-209.1 mbsf; thickness: 123.1 m.
Presumably corresponds, together with Subunit Ic, to lithologic
Unit II at DSDP Site 132.

Subunit Ib is defined, and distinguished from Subunit Ia, by
a thick sequence of homogeneous foraminiferal-nannofossil oozes
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Figure 7. Contact between upper part of debris flow with deformed
multicolored nannofossil ooze/mud clasts and overlying nannofossil sand
(Sample 107-653A-3H-5, 25-80 cm).
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and nannofossil oozes without interbedded sapropels and volca-
niclastic deposits, and by higher carbonate contents (average
60% with a minimum value of 30% and a maximum of 91%).
These oozes are light gray and light brown with gradational con-
tacts; black specks of hydrotroilite are scattered throughout. Bur-
rowing is noticeable and common. A few thin foraminifer-rich
sands occur.

Subunit Ic: Cores 107-653A-23X-6 to 107-653A-25X-1, 23 cm;
depth 210.1-221.6 mbsf; thickness: 11.5 m. Cores 107-653B-
23X-2 to 107-653B-24X-1, 50 cm; depth 209.1-216.6 mbsf; thick-
ness: 7.5 m.

Subunit Ic is characterized by reddish brown, yellowish brown,
and red calcareous muds and marly nannofossil oozes. These
colors define this subunit and are probably caused by a consid-
erable mixture of iron oxides (limonite, hematite, and/or goe-
thite) in the sediment. Carbonate content (measured in Hole
653B) varies between 42% and 60% (similar to three values mea-
sured in the lower portion of Subunit Ib), but decreases in the
lowest meter of Subunit Ic.

The basal sedimentary sequence at the contact with Unit II
consists of, in sequential order downsection:

(a) olive brown, dark brown, or red mud/marl

(b) gray calcareous mud/marl

(c) thin layer of gypsum- and biotite-bearing sand

(d) interval of calcareous(?) mud and intercalated sand (bear-
ing gypsum), interpreted as a drilling breccia in the visual core
description

(e) thick gypsum- and biotite-bearing sand.

This stratigraphic sequence was cored in Hole 653A; the se-
quence in Hole 653B is the same except for the absence of the
thin sand layer (c). Since layer (d) occurs on the top of a core in
both holes, this layer may be an artificial one caused by fill in
the hole. Thus, layer (c) in Hole 653A may be considered as the
top of layer (e).

We place the boundary between lithologic Units I and II at
the top of the sand layer (Hole 653A, (c); Hole 653B, (e)) and
presume this to be equivalent to the boundary between litho-
logic Units II and III in DSDP Site 132. Note that this position
is slightly below the biostratigraphically-defined Messinian/Pli-
ocene boundary (see “Biostratigraphy” section, this chapter).

Unit 11

Cores 107-653A-25X-1, 23 cm, to 107-653A-26X, CC; depth
221.6-240.7 mbsf; thickness: 19.1 m. Cores 107-653B-24X-1,
50 cm, to 107-653B-28X, CC; depth 216.6-264.3 mbsf; thick-
ness: 47.7 m. Age: Messinian.

Unit II represents sediments deposited in restricted marine to
evaporitic and continental(?) environments.

At Hole 653A, drilling was terminated after penetration of
the first gypsum-bearing sediments, thus little of Unit II was re-
covered. At Hole 653B, however, a considerably thicker sequence
of Messinian sediments was cored. In both holes recovery was
poor with concomitant drilling disturbances (observed and in-
ferred).

The sequence (described from top to bottom) starts with a
layer of dark gray biotite- and gypsum-bearing sand (noted above
as (c) plus (e) in Hole 653A and as (e) in Hole 653B) about 70-
110 cm thick (Cores 653A-24X, CC and 653A-25X, Sections 1
and 2; 107-653B-24X, Sections 1 and CC) (Fig. 8). This sand
has faint parallel laminations. Cross-bedding as described at
Site 132 was not obvious. This sand layer is followed in Hole
653A by 1.2 m of gray and red calcareous clay to nannofossil
mud (Core 107-653A-25X, Sections 2 and CC) and by a very fri-
able gypsum with wavy laminations (possibly stromatolitic), which
was brecciated by drilling (107-653A-25X, CC) (Fig. 9). Then



Figure 8. Base of the biotite- and gypsum-bearing sand in the upper-
most part of Unit II and the first gypsum layer in Hole 653B (contact
deformed by drilling) (Sample 107-653B-24X, CC, 0-28 cm).
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Figure 9. Contact (deformed by drilling?) between calcareous clay to
nannofossil mud and the uppermost, very friable gypsum with wavy
laminations in Unit II of Hole 653A (Sample 107-653A-25X, CC, 20-

40 cm).
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follows an olive gray nannofossil- and foraminifer-bearing marly
calcareous (or dolomitic) mud about 3.5 m thick with fine lami-
nations. Centimetric to decimetric intercalations of large (as much
as a centimeter) lenticular gypsum crystals occur throughout this
mud (Core 107-653A-26X-1 to CC) (Fig. 10). Their euhedral
character suggests secondary displacive growth during early syn-

Figure 10. Intercalations of lenticular gypsum (secondary growth) within
nannofossil- and foraminifer-bearing marly calcareous (or dolomitic) mud
showing fine laminations, Unit II of Hole 653A (Sample 107-653A-
26X-3, 1-18 cm).
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sedimentary diagenesis; their concentration at specific intervals
suggests nucleation along sedimentary horizons, whose original
characteristics and paleoenvironmental significance now seem
lost. At the base of Hole 653A there is a piece of calcareous
(calcite-cemented?) siltstone and a basal 2-cm-thick layer of cal-
careous mud (Core 107-653A-26X, CC).

In Hole 653B the biotite- and gypsum-bearing sand is under-
lain by about 90 cm of cloudy (see Fig. 8) to balatino-type lami-
nated gypsum (Cores 107-653B-24X, CC to 653B-25X-1). Be-
tween 85 and 90 cm in Section 107-653B-25X-1 there occurs a
siltstone. Underlying this is an additional 3 cm of balatino-type
gypsum.

Below this laminated gypsum, dark gray to olive gray and, at
the base, red dolomitic nannofossil muds are interbedded with
nodular and lenticular gypsum (Cores 107-653B-25X-1 through
107-653B-27X, CC). The host mud becomes progressively en-
riched in dolomite and silt-sized gypsum downsection in Hole
653B, with fewer nannofossils. Interbedded throughout this se-
quence are centimeter-thick layers of black shales. They have a
well-developed fissility and contain wavy, thin laminae of gyp-
sum. Core 107-653B-27X, CC, contains putrid-smelling and bril-
liantly red and yellow colored muds and silts interbedded with
white/gray/black wavy-laminated gypsum. The odor and red
and yellow colors are tentatively attributed to the presence of
sulfur and of iron oxides (hematite, limonite, and/or goethite).
The oldest cored sediments are represented by calcareous clays/
muds of grayish, brownish, and yellowish colors and three sev-
eral decimeter-thick layers of powdery white gypsum. Carbon-
ate content within the muds is low (8%-24%). This sequence is
disturbed by drilling.

Sedimentation Rates (Hole 6534 and Site 132)

Average sedimentation rate for the Pliocene-Quaternary se-
quence of Hole 653A is 3.9 cm/1000 yr (not corrected for com-
paction). For Site 132, an average rate of 3.4 cm/1000 yr can be
calculated based on a thickness of 183 m and an age of 5.4 m.y.
for the Messinian/Pliocene boundary.

In Hole 653A the Pliocene-Quaternary sequence can be di-
vided into three intervals as has been done for Site 132:

Sedimentation
rate
(cm/1000 yr)
653A 132
Pleistocene 4.8 4.4
D. brouweri ex. to Globorotalia margari- 4.4 3.2
tae ex.
G. margaritae ex. to Messinian/Pliocene 2.7 2.8
boundary

The downsection decrease in sedimentation rate apparent in
these intervals may be an artifact due to compaction deeper in
the sediment column. The second column of the table shows
sedimentation rates of Site 132 for intervals delimited by the
same biostratigraphic events used for Site 653. These rates differ
from those published by Ryan, Hsii, et al. (1973), because new
absolute data have been used for the biostratigraphic events. Av-
erage sedimentation rate at Hole 653A is about 0.4 cm/1000 yr
higher than it is in Site 132.

Correlations: Holes 6534 and 635B — Hole 132

Tentative correlations can be attempted between DSDP Site
132 and Holes 653A and 653B. Correlations are based mainly
upon lithologic criteria from smear-slide data and visual core
descriptions for all cores but also upon the similarity in sedi-
mentation rates.



It must be emphasized that these correlations are attempted
between cores that represent: first, incomplete recovery of cored
intervals, often as low as 17% in the Messinian stratigraphic
section; second, sediments originally deposited in an environ-
ment where significant and rapid lateral changes in facies would
be expected, particularly in the Messinian stratigraphic section;
and third, different coring techniques. All of these place serious
constraints on the quality of correlations attempted.

Pliocene-Quaternary

Correlation has been made for Subunit Ia in Holes 107-653A
and 107-653B using clearly corresponding sapropels and ash lay-
ers as well as foraminifer sands, debris flow deposits, and color
boundaries (Fig. 11A in back pocket). This correlation shows
that:

1. Unrecovered gaps of varying thicknesses can be inferred
between the base of one core and the top of the subsequent core
in most cases. In contrast, between Cores 107-653A-9H and 653A-
10H), the base and top seem to overlap.

2. At the top of a core there is often soft, highly disturbed
sediment. Sometimes it seems to represent the autochthonous
but disturbed interval. Sometimes, however, the top of a core
seems to represent sediments which have filled the bottom of the
hole between recovery of the two cores.

3. Differences in thickness of corresponding intervals in the
two holes can be caused by drilling disturbance, but can also be
due to different sedimentation rates or slumping processes.

Detailed correlations between the physical stratigraphy of Core
107-653A-1H and the upper 3 m of Core 107-653B-1H are sketched
in Figure 11B. The differing thicknesses, or recovery, of equiva-
lent sediment sequences between the two cores is interesting, es-
pecially considering the small (55 m) distance separating the holes.
Indeed, a half-meter sequence of light-grey soupy muds recov-
ered in Sections 2 and 3 of 107-653B-1H was not recovered in
Hole 653A. Yet a gray-brown mud layer in Core 107-653A-1H
was shortened considerably in Hole 653B. The first piston core
of Hole 653B was shot from a position closer to the seafloor
than the first core of Hole 653A. As each subsequent core was
advanced by one pipe joint, a vertical offset was maintained be-
tween the cores for Holes 653A and 653B. Thus initial seafloor
penetration at Hole 653A was 3.6 m, while at Hole 653B pene-
tration was 6.1 m; however, any offset resulting from these ef-
forts is not apparent in the first core but does become notice-
able farther downsection where cores recovered slightly stiffer
sediment.

On the basis of gross lithologic similarities represented by
lithologic units, Site 132 and Holes 653A and 653B can be com-
pared as follows:

Site 132 Holes 653A and 653B
Unit I Ia
Unit II Ib
Ic
Unit III I1

The differing thickness of the entire section, of individual
lithologic units, and position of correlative layers (discussed be-
low) can in part be attributed to differing drilling and coring
techniques between rotary (Leg 13) and advanced piston coring/
extended core-barrel coring (Leg 107).

Some sedimentary layers seem applicable for attempting finer-
scale correlations between these holes. A prominent quartz-rich
(smear slide = 50% quartz) sand layer, about 20 cm thick, is
described in Core 132-1R-2, 60-80 cm, at about 2.6-2.8 mbsf,
the only such layer described in the Pliocene-Pleistocene sequence
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at this site. This would seem to correlate to a quartz-rich sand
layer in Cores 107-653A-2H-6, 65-80 cm, at 11.85 mbsf (smear
slide = 20% quartz; 15 cm thick) and 107-653B-1H-4, 110-118
cm, at 5.7 mbsf (smear-slide = 43% quartz; 8 cm thick), both
the only quartz-rich sands in the upper 12 m at either Leg 107
holes.

Some volcanic ash layers also are correlative. Two occur near
the boundary between Units Ia and Ib (Site 653), and one oc-
curs near the boundary between lithologic Units I and II (132).
In Holes 653A and 653B, the lower ash layer contains a distinc-
tive zeolite, the other is distinctive by its induration. In Hole
653A, the zeolitic ash lies at 85.6 mbsf; the indurated ash lies
above this at 82 mbsf. In Hole 653B, the zeolite-bearing ash lies
at 85.88 mbsf; the indurated ash lies above this at 81 mbsf. All
are 2 c¢m, or less, in thickness. The indurated ash at Hole 653B
occurs in lithologic Subunit Ia. All others occur within Subunit
Ib, just below (1.6-6 m) the contact with Subunit Ia. In Hole
132, the tephra is described as “thin” (site chapter description)
and occurs at about 49.3 mbsf, 0.7 m above the lithologic Unit I
and II contact (or the Unit Ia-Ib contact at Site 653). It is de-
scribed as indurated and containing zeolites, but further miner-
alogical criteria are not available. Thus, it may be correlative
with either of the ash layers described in Holes 653A and 653B.
At all holes, these are the only ash deposits described within 15
or more meters of section.

Unfortunately, the sapropel layers in Holes 653A and 653B
cannot be correlated to Site 132 because core descriptions for
the hole drilled earlier do not identify sapropels.

Intervals of poor recovery are obvious in Cores 107-653A-
15X (37.7%) and 107-653B-14X (27.8%). These intervals corre-
spond due to the vertical offset mentioned above. Similar poor
recovery is reported from Site 132, Core 14 (29%) at a compara-
ble depth below seafloor. This points to a distinct layer which
has been washed out in all three holes.

Messinian

The lithologic similarities of Messinian sediments recovered
in Site 132 and both holes of Site 653 are obvious. Nevertheless,
an exact correlation between the three holes cannot be made be-
cause (1) the recovery varied considerably (17%-68% in Holes
653A and 653B, 0%-80% in Site 132), (2) the sub-bottom pene-
tration was different, and (3) one has to expect rapid changes of
lithology within short lateral distances caused by little rises or
drops of water level or small changes of relief due to tectonic ac-
tivity.

At all three sites, muds of brownish (and in Site 653, grayish)
colors are underlain by a sand layer (biotite- and gypsum-bear-
ing sand in Site 653 holes and sand layer with “oblique lamina-
tions at the top [and] horizontal laminations below” (Ryan, Hsii,
et al., 1973, p. 444)). Below this layer, the occurring lithologies
are very similar but the stratigraphic sequence cannot be exactly
correlated. For Holes 653A and 653B, the downhole stratigraphic
order below the sand layer (a) comprises:

1. For Hole 653A: (b) gray and red calcareous clay to nanno-
fossil mud, (c) very friable gypsum with wavy laminations (pos-
sibly stromatolitic), (d) olive gray nannofossil- and foraminifer-
bearing marly calcareous (dolomitic?) mud with intercalations
of centrimetric lenticular gypsum layers, (e) calcite-cemented silt-
stone and calcareous mud.

2. For Hole 653B: (b) cloudy and balatino-like laminated gyp-
sum with a 5-cm-thick calcite-cemented siltstone intercalated near
the base, (c) dark gray to olive gray dolomitic nannofossil muds
interbedded with nodular and lenticular gypsum plus centime-
tric black shale layers, (d) brilliant yellow and red muds and silts
containing iron oxides, sulfur, and sulfates, and (e) grayish, brown-
ish, and yellowish calcareous clays/muds with layers of powdery
white gypsum.
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Two alternative schemes have been proposed for correlating
the Messinian lithologies recovered in Holes 653A and 653B.

1. Correlation scheme A: Lithology (a) occurs in both holes.
Lithologies (b) and (c) of Hole 653A and lithology (b) of Hole
653B are considered to be lateral facies equivalents. This corre-
lation would then make lithology (d) of Hole 653A equivalent
to lithology (c) of Hole 653B. Lithology (e) of Hole 653B may
have limited lateral continuity and not reach Hole 653A. Lithol-
ogies (d) and (e) of Hole 653B would then be considered strati-
graphically deeper than the bottom of Hole 653A.

2. Correlation scheme B: Lithology (2) occurs in both holes.
The calcite-cemented siltstone of lithology (e) of Hole 653A is
correlative with the calcite-cemented siltstone interbedded within li-
thology (b) of Hole 653B. In that case, lithology (d) of Hole
653A and lithology (b) of Hole 653B must be considered as lat-
eral facies equivalents. Lithologies (c), (d), and (e) of Hole 653B
would then be stratigraphically deeper than the bottom of Hole
653A. Lithologies (b) and (c) of Hole 653A have no equivalent
in Hole 653B; this may be a drilling artifact because the contact
between (a) and (c) seems to be a drilling contact.

BIOSTRATIGRAPHY

Summary

Holes 653A and 653B were drilled in the western Tyrrhenian
Sea approximately 1/2 mi northeast of DSDP Site 132. A com-
plete Pliocene-Pleistocene sequence was recovered in both holes,
overlying Messinian evaporitic sediments deposited in a some-
what restricted environment.

Site 653 was drilled as reference section for the Mediterra-
nean Pliocene-Pleistocene. The recovery was good. Disturbance
due to sedimentary processes and/or to drilling effects were found
in the upper part of the Quaternary.

The zonations given by Cita (1973) and Martini (1971) were
used for age determinations in the Pliocene (Fig. 12). The sedi-
ments are rich in well-preserved micro- and nannofossils which
should allow establishment of a precise biostratigraphy. Unfor-
tunately only limited paleomagnetic data were obtained on board.

Benthic foraminifers are rare in the intervals from top to 74
mbsf in Hole 653A and to 75 mbsf in Hole 653B. An increasing
number of benthic foraminifers can be observed in the Pliocene
with a maximum at 117-146 mbsf in Hole 653A and 120-150
mbsf in Hole 653B corresponding to the lowermost part of the
upper Pliocene (at about 3.0-3.2 Ma). This interval is character-
ized by an increase in primary productivity and an increase of
the sediment-accumulation rate.

Based on changes of planktonic foraminiferal assemblages
throughout the Quaternary it was possible to identify several
isotopic stages and to correlate tephra and sapropel layers.

The earliest Pliocene Sphaeroidinellopsis zone (MPI1) is un-
derlain in Hole 653A by 28 m, and in Hole 653B by 39 m, of
sand, clay, and evaporitic sediments deposited in a somewhat re-
stricted environment. This interval corresponds to the “non-dis-
tinctive” zone of laccarino and Salvatorini (1982). The poor
planktonic foraminiferal assemblages are represented by Globi-
gerinita quinqueloba and G. glutinata of small size. Nannofos-
sils are few to common with the same assemblages as above.
They are diluted by detrital material and reworked Cretaceous
and Paleogene species. Benthic foraminifers are considered as
reworked and/or displaced. The mixed assemblages consist of
inner shelf to upper slope species of normal marine environ-
ment.

These observations indicate that the Mediterranean was not
entirely desiccated during latest Miocene time.
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Figure 12. Biostratigraphic determinations made at Hole 653A.

Sedimentation averages 3.9 ¢cm/1000 yr. The rate is higher
(about 6.5 cm/1000 yr) within the upper Quaternary, and within
the nannoplankton Zone NN16 of late Pliocene age.

Planktonic Foraminifers

Holes 653A and 653B are located 1/2 mi from Site 132 (DSDP
Leg 13) where an almost complete Pliocene-Pleistocene section
was recovered and extensively studied (Cita, 1973; Ryan et al.,
1974; Watkins et al., 1974; Raffi and Rio, 1979; Rio et al., 1984;
Thunell and Williams, 1983).

The base of the Quaternary, coincident with the base of Glo-
bigerina cariacoensis Zone, has been recorded in Sample 107-
653A-10X-4, 15-19 cm (84.4 mbsf) at the first peak of sinistral
Neogloboquadrina pachyderma. Globigerinoides obliquus oc-
curs up till Sample 107-653A-10X-1, 129-130 cm (80.7 mbsf).
The base of the Globorotalia truncatulinoides excelsa Zone was
recognized in Sample 107-653A-7TH, CC (60.5 mbsf) in which
only one specimen is present. This marker is common from Sam-
ple 107-653A-6H-2, 30-32 cm (52.6 mbsf) upward.

Holocene was observed at the top of Core 107-653A-1H with
the characteristic planktonic assemblage described by Cifelli (1975)
from plankton tows and by Parker (1955), Todd (1958), and
Thunell (1979) from surface sediments. Sinistral Globorotalia
truncatulinoides excelsa occur with large Orbulina universa (di-
ameter more than 400 pm) and Hastigerina siphonifera. Globi-
gerinita quingueloba is relatively more abundant than in the re-
cent sediments. Poorly preserved pteropods are frequent. The
presence of Hyalocylix striata and Styliola subula characterizes



the sediments younger than 4000 years. No living benthic fora-
minifers were found.

The Pleistocene-Holocene boundary should be within Core
107-653A-1H at Hole 653A. The top of Hole 653B has not been
studied.

Age determinations for the Pliocene are based on the zona-
tion given by Cita (1973, 1975) and Rio et al. (1984). The base
of MPI6 was recognized in Sample 107-653A-12H-1, 19-21 cm
(98.4 mbsf). Globorotalia tosaensis and its descendant G. trun-
catulinoides s.s. together with Sphaeroidinella dehiscens can be
observed in Samples 107-653A-11X-4, 30-32 cm (93.7 mbsf) till
107-653A-11X-3, 30-32 cm (92.3 mbsf). They are also present in
Sample 653A-10X-6, 75 cm (87.8 mbsf). The lower part of MPI5
was observed in Sample 107-653A-16X-1, 15-17 cm, (136.2 mbsf)
where the last Sphaeroidinellopsis sp. are present. Globorotalia
margaritae together with G. puncticulata occur for the last time
in Sample 107-653A-17X-6, 15-17 ¢cm, (153.3 mbsf) where the
base of MPI4 was recognized.

G. puncticulata’s first appearance is in Sample 107-653A-
21X-3, 15-17 cm (186.3 mbsf) indicating the base of MPI13. MPI2
is recognized between 186.3 and 208.8 mbsf (Sample 653A-23X-
5, 75-77 cm) where the first Globorotalia margaritae has been
recognized.

The Sphaeroidinellopsis acme zone (Cita, 1973) has been iden-
tified between 208.8 mbsf and 653A-23X, CC (216.1 mbsf). It is
underlain by the “non-distinctive” zone of Iaccarino and Salva-
torini (1982) characterized by an assemblage of small Globigeri-
nita quinqueloba and G. glutinata.

In Hole 653A the first occurrence of Globorotalia margari-
tae is in Sample 653A-23X-5, 75-77 cm. In Hole 653B this event
occurs in Sample 653A-23X-2, 30-32 cm, and therefore those
two levels can be correlated. The last abundant occurrence of
Sphaeroidinellopsis spp. in Hole 653A is in 653A-23X, CC. In
Hole 653B this event is recognized in Sample 653A-23X-4, 75-
77 cm. Therefore, those two levels can be correlated. From these
correlations it appears that in Hole 653A the MPI2 biozone has
a thickness of about 11 m whereas in Hole 653B its thickness in
only about 7 m. Bottom topography at the top of the Messinian
might explain this difference in thickness in the MP12 biozone
of the two holes.

Benthic Foraminifers

Benthic foraminifers in Site 653 occurred in all the samples
from the top, down to 212 mbsf of Hole 653A and from 6 to
216 mbsf of Hole 653B. In the top sample of Core 107-653A-
1H, several agglutinated forms and a few calcareous ones can be
found. Placopsilinella sp., Ammolagena clavata, and Glomo-
spira charoides are frequent in the assemblage. Among the cal-
careous species, Articulina tubulosa is relatively frequent.

In the interval between 2 mbsf (Core 107-653A-1H-2, 45-47
cm) and 74 mbsf (Core 107-653A-9H-3, 105-107 cm) of Hole
653A, and between 6 mbsf (Core 107-653B-1H, CC) and 65
mbsf (Core 107-653B-7H, CC) of Hole 653B, the species diver-
sity is generally low. A. tubulosa, Parafissurina spp., and Gyroi-
dina neosoldanii are consistently found in the interval. This as-
semblage resembles that between 17 and 58 mbsf of the Hole
652A, but displaced specimens included are less frequent than
in the latter.

Between 75 mbsf (Core 107-653A-9H-4, 45-47 cm) and 212
mbsf (Core 107-653A-23X, CC) of Hole 653A, and between 74
mbsf (Core 107-653B-8H, CC) and 216 mbsf (Core 107-653B-
24X-1, 11-13 cm) of 653B, many species were found, and dis-
placed specimens are very rare. Through the interval of both
Holes 653A and 653B, the remarkable trend in the species diver-
sity can be recognized as found in Hole 652A. In Hole 653A, di-
versity increases from 212 mbsf upsection, and attains a maxi-
mum around Cores 107-653A-16X and 107-653A-14X (145-126
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mbsf). Between the top of this interval and 70 mbsf (Core 107-
653A-8H, CC), many species disappear. In Hole 653B, a maxi-
mum abundance is recognized in the interval between Cores 107-
653B-16X and 653B-14X (150-131 mbsf). These maximum abun-
dance intervals of both holes correspond to MPIl4 zone through
the lower part of MPI5 zone of planktonic foraminifers.

In the sequences of both holes the following characteristic
occurrences of some species can be found upwards. The first oc-
currence of A. tubulosa is found at 83.9 mbsf (Core 107-653A-
10H, 130-131 c¢m) and at 78 mbsf (Core 107-653B-9H, CC)
both in the lower part of G. cariacoensis Zone. This level has
been found just below the Pliocene-Pleistocene boundary in the
Vrica section in Italy (D’Onofrio, 1981), and Leg 13, Site 125
(Raffi and Sprovieri, 1985), as well as in the other sites of this
leg. The top level of C. italicus is currently understood as just
above the base of MPI5 zone (AGIP, 1982; Sprovieri and Barone,
1984), and is also found at the same level in Sites 652A and
654A. Cibicidoides italicus disappears above 125.9 mbsf (Core
107-653A-14X, 105-107 cm) and above 131 mbsf (Core 107-653B-
14X, CC) both in the lower part of MPIS5 zone.

Below the maximum abundance in both holes, Cibicidoides
italicus, C. robertsomianus, Oridorsalis stellatus, Pullenia bul-
loide, and Siphonina reticulata consistently occur in the interval
belonging to MPI4-MPI2 biozones. Uvigerina pygmaea consis-
tently occurs in MPI1 and lower part of MPI2 biozones.

Below the base of Pliocene, some specimens can be found in
the very fine- to coarse-grained sand layers. The assemblage con-
sists of Ammonia spp., Bolivina spp., Bulimina spp., Cibicides
spp., Elphidium spp., Gyroidina spp., Pullenia spp., and Uvi-
gerina spp., and are frequently associated with echinoid spines
and sponge spicules. All the specimens are, however, broken or
recrystallized, and seem to be displaced from shallower environ-
ment (inner neritic to upper epibathyal zones) and/or reworked
from the pre-Pliocene sequences.

Nannofossils

Disturbance was significant within the upper part of the Qua-
ternary due to gravity sliding (sedimentary breccias, slumps)
and/or drilling disturbance. Recovery was good in both holes
except for Core 107-653A-15R and Core 107-653B-14X belong-
ing to the same biostratigraphic interval (lower Pliocene, NN15).
Recovery was also poor within the lowermost part of the series
(Messinian). Results given in this report are restricted to Hole
653A, since only core-catcher samples were studied from Hole
653B.

Nannoplankton Zone NN21 (Emiliania huxleyi Zone) was
determined from Core 107-653A-1H to Sample 107-653A-2H-2,
18 cm, by the presence of Emiliania huxleyi. Nannofossils are
generally abundant and they are well preserved. They are some-
what diluted within the turbiditic layers by volcaniclastic com-
ponents, detrital carbonates, and reworked nannoplankton spe-
cies of Cretaceous to early Pliocene age.

Coccolithus pelagicus, a cold water species, is absent from
the surface sediments; it becomes common within Zone NN21
only in a few layers. The Gephyrocapsa oceanica Zone (NN20)
is present from Samples 107-653A-2H-2, 83 cm, to 107-653A-
4H, CC, (6.0-32.3 mbsf). This zone is characterized by the abun-
dance of different species of the genus Gephyrocapsa. Very small
Gephyrocapsa sp. are common in certain levels of Core 107-
653A-2H (Zone NN20) where several sapropel layers also occur.
The occurrence of this species in the Pacific is linked to rapid
changes of the ice volume as inferred from the oxygen isotope
record.

Helicosphaera sp. (with two large pores) was observed in Sam-
ple 107-653A-3H-1, 40 cm, and becomes common from Sam-
ples 107-653A-3H, CC to 107-653A-4H-6, 40 cm, i.e., within
the lowermost part of Zone NN20. This species is typical for
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this stratigraphic interval and was found in all other sites drilled
in the Tyrrhenian Sea.

The interval from Samples 107-653A-5H-1, 38 c¢m, to 107-
653A-10H-1, 60 cm (32.5-80.0 mbsf) belongs to the Pseudoemi-
liania lacunosa Zone (Zone NN19). Several sapropel layers are
present in Cores 107-653A-5H and 107-653A-7TH through 107-
653A-9H. This part of the sequence is characterized by the domi-
nance of the small Gephyrocapsa sp. between Core 107-653A-
6H and the top of Core 107-653A-9H. Only a few large nanno-
fossils occur within this interval.

The last occurrence of Helicosphaera sellii was observed in
Samples 107-653A-7TH-6, 40 cm, within the zone of small Ge-
phyrocapsa. Discolithina japonica and Pontosphaera pacifica
are common within Zone NN19. Large specimens of Braarudo-
sphaera bigelowi are common around the Pliocene/Pleistocene
boundary as observed at all other sites. This increase is explained
by a decrease of surface water salinity due to heavy rainfalls
and/or influx of freshwater from the rivers (Miiller, 1978; 1985).

In some cases the abundance of Braarudosphaera bigelowi
corresponds to the formation of sapropel layers (Samples 107-
653A-9H-3, 88-90 cm, and 107-653A-10H-2, 96 cm).

The Pliocene/Pleistocene boundary is determined between
Sample 107-653A-10H-1, 60 cm, and 107-653A-10H-1, 70 cm
(80.0 mbsf) by the extinction of Cyclococcolithus macintyrei and
the first occurrence of Gephyrocapsa oceanica. Discoasters are
rare or absent within the uppermost Pliocene. This interval is
characterized by small coccoliths and tiny fragments of calcite
in certain horizons. Discoasters are common from Sample 107-
653A-13H-3, 130 cm. The boundary between nannoplankton
Zones NN17/NN18 and Zone NN16 lies between Samples 107-
653A-11H-3, 130 cm, and 107-653A-11H-4, 20 cm (93.5 mbsf).
Discoasters are still rare within the upper part of Zone NN16;
they are common downsection from Sample 107-653A-13H-3,
130 cm. The same observation is described from the other sites
and is typical for the western Mediterranean (Miiller, 1978;
1985) indicating the initiation of the northern hemisphere glaci-
ation. Discoaster tamalis disappears within Zone NN16 (Sam-
ple 107-653A-12H-3, 120 cm). Fluctuations in the abundance of
the different species of the genus Discoaster can be observed
throughout the Pliocene. The upper part of Zone NN16 is char-
acterized by the scarcity of Discoaster surculus, and the absence
of Discoaster pentaradiatus, whereas Discoaster brouweri is
rare. Discoaster surculus becomes abundant within the lower
part of this zone together with Discoaster brouweri.

The Reticulofenestra pseudoumbilica Zone (NN15) is recog-
nized from Samples 107-653A-14X-2, 130 cm, to 107-653A-17X,
CC (120.3-155.2 mbsf).

The last occurrence of Reticulofenestra pseudoumbilica was
observed in Sample 107-653A-14X-2, 130 cm, and of Spheno-
lithus abies in Sample 107-653A-14X-5, 130 cm. Reticulofenes-
tra pseudoumbilica is smaller within the upper part of Zone
NN15 and disappears in several layers. The large specimens of
this species are present from Sample 107-653A-15X, CC down-
section. Also Sphenolithus abies is rare in the upper part of
Zone NNI15. This part is characterized by the abundance of dis-
coasters (Discoaster brouweri, Discoaster tamalis, Discoaster asym-
metricus). The discoasters are of large size indicating a change
in water masses (3.0-3.4 m.y.). This change seems to be con-
firmed also by benthic foraminifers which show more diversi-
fied assemblages.

The Discoaster asymmetricus Zone (NN14) was encountered
from Samples 107-653A-18X-1, 60 cm, to 107-653A-19X-5, 80
cm (156.0-171.0 mbsf). Samples 107-653A-19X-5, 140 cm, to
107-653A-22X-2, 130 cm (171.5-196.0 mbsf) belong to the Ce-
ratolithus rugosus Zone (NN13). Discoaster variabilis is present
within the lowermost part of Zone NN14 (Sample 107-653A-
19X-4, 100 cm) and upper part of Zone NN13 where this species
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becomes more frequent (Core 107-653A-20X). Below this level it
occurs only sporadically. The same observation was made in the
other sites and it seems that in the Tyrrhenian Sea its presence
can be used as a stratigraphic marker. This peak of Discoaster
variabilis in the Mediterranean does not correspond with that
described by Backman and Schackleton (1983) at 3.4-3.6 m.y.
from the world oceans. The discoasters are generally few in Zone
NN14 dominated by Discoaster brouweri and in several hori-
zons by Discoaster asymmetricus; Discoaster surculus and Dis-
coaster pentaradiatus are few to rare. Discoaster tamalis has its
occurrence within the lowermost part of Zone NN14. Discoaster
pentaradiatus becomes common within certain levels of Zone
NNI13.

The Amaurolithus tricorniculatus Zone (NN12) was encoun-
tered from Samples 107-653A-22X-3, 110 cm, to 107-653A-24X-
5, 100 cm (197.5-219.0 mbsf). The sediments are rich in nanno-
fossils; within the lowermost part of this zone, corresponding to
foraminifer zone MPI1, the nannofossils are of smaller size. At
the same time discoasters become less frequent and the color of
the sediments changes from beige above to reddish brown be-
low.

The definition of the Miocene/Pliocene boundary in the Med-
iterranean is determined by the re-establishment of permanent
open ocean conditions. Within the uppermost part of the Mio-
cene sediments, nannofossils are less common and are diluted
by detrital material, secondary dolomite, and reworked Creta-
ceous to middle Miocene nannofossils. Diagenesis is also an im-
portant factor controlling the abundance of nannoplankton. The
assemblages are less diversified consisting predominantly of Re-
ticulofenestra pseudoumbilica, Discolithina multipora, Cocco-
lithus pelagicus, Helicosphaera carteri, Cyclococcolithus leptopo-
rus, and Sphenolithus abies of often smaller size. Discoasters
are few to rare as well as Amaurolithus delicatus.

The red clays in Core 107-653A-25X are barren of nannofos-
sils. Below this level nannofossils are few and of smaller size re-
flecting somewhat restricted marine conditions.

PALEOMAGNETICS

This site was to be the prime site for magnetostratigraphic,
biostratigraphic, and isotopic correlation in the Pliocene-Pleis-
tocene. Double APC/XBC coring gave us the the potential for
complete undisturbed recovery. Unfortunately, the magnetic prop-
erties of the cores were much more complex than at the three
previous sites. Rather than a straightforward drill-string viscous
overprint, which was easily removed by alternating field (AF)
demagnetization, here we had a higher coercivity secondary mag-
netization not easily removed by alternating fields. The origin
of this secondary overprint is presently unclear. We hypothesize
that the overprint is due to diagenetic growth of iron mono-sul-
fides (namely mackinawite, troilite) some of which are ferro-
magnetic (s.l.). These meta-stable sulfides can revert to more
stable sulfides such as pyrite or pyrrhotite, of which pyrrhotite
can be ferrimagnetic. In more oxidizing conditions, goethite and/
or hematite may grow as the stable iron phase, although it is un-
clear at present to what extent this has occurred at this site. Iron
mono-sulfides are ubiquitous in smear slides and pyrite/pyrrhotite
becomes common in the Pliocene.

Three hundred forty-eight discrete 7-cm® samples were col-
lected from Hole 653A, and twenty-one from Hole 653B. We in-
tend to study the downhole variations in magnetic phases in or-
der to determine the sequence of diagenetic changes that ac-
counts for the secondary magnetic overprint. This site provides
the opportunity for a detailed study of the magnetic properties
of iron sulfides and the variations in magnetic properties which
accompany the downhole phase changes. From Core 107-653A-
17X downward, we observe a sequence of reversals where the
characteristic component appears to be carried by magnetite.



We are confident that after thermal demagnetization on shore,
we will be able to isolate a primary magnetic stratigraphy from
this lower Pliocene part of the section. Above this level, it is un-
clear whether the primary detrital or biogenic magnetite has
survived the rigors of diagenesis, and here the iron mono-sul-
fides may be derived in part from primary magnetite.

Volume susceptibility was measured on all cores from Holes
653A and 653B prior to splitting using the Bartington Core Scan-
ning Loop Sensor (Fig. 13). These susceptibility data provide a
means of correlation between holes, although there is a general
lack of distinctive features in the curves to facilitate this correla-
tion. Very variable susceptibility values are recorded in the top
45 mbsf. The values range up to 1.65 x 10~* c.g.s. in this inter-
val (the plots are cut off at values of 6 x 10~3 to more clearly
illustrate variations farther downcore). We interpret this pattern
as indicating variations in concentration of magnetite which in
turn reflects variations in the amount of volcanogenic detritus.
lnrc‘l’i:lidual volcanic-rich layers should be correlative in this in-
terval.

The decrease in the variability and mean of susceptibility val-
ues from 40 to 75 mbsf may indicate that the primary detrital
magnetite is being reduced to iron mono-sulfide in this interval
(iron sulfides have much lower susceptibilities than magnetite).
However, this decrease also coincides with the lithologic change
between lithologic subunits 1a and 1b; the former being charac-
terized by thin tephras, the latter by their absence. The mean
susceptibility decreases down to 150 mbsf where values begin to
climb to the Miocene/Pliocene boundary at approximately 221.4
and 216.1 mbsf in Holes 653A and 653B, respectively. The rapid
climb in mean susceptibility from about 205 mbsf to the bound-
ary coincides with the reddening of the sediment (denoting the
presence of iron oxides) which first appears in Core 23X-2 in
both holes. Negative susceptibility values at 225.7 and 226.7
mbsf characterize the gypsum in Core 107-653B-25X-1.

PHYSICAL PROPERTIES

Introduction

At Site 653, Cores 107-653A-1H to 653A-23X and 107-653B-
21X to 653B-28X were used for shipboard analysis of bulk den-
sity, porosity, grain density, and velocity. Thermal conductivity
was measured on all cores of Hole 653A and on all sections of
Hole 653B. Shear strength measurements were done on each
core of Hole 653B. Results for Site 653 are discussed below.

Physical properties measured at Site 653 include GRAPE den-
sity and thermal conductivity from full-round core sections, and
vane shear strength, compressional wave velocity, and index prop-
erties (porosity, bulk density, and grain density) from split sec-
tions. 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 Holes 653A and 653B are plotted relative to sub-
bottom depth in Figures 14-16 and are listed in Tables 2-5.

In Hole 653A, grain density is near constant (2.7-2.9 g/cm?)
from the mud line to 196 mbsf. Below that depth, higher grain
densities were measured. The data from Hole 653B (195-256
mbsf) also remain constant. One high value (3.96 g/cm?®) can be
noted at 251 mbsf and is related to hematitic clays. The bulk
density values are in good agreement with the porosity values
and reflect the same trend along the cores.

Three main physical property units can be distinguished in
Site 653:

SITE 653

Physical Property Unit 1: This unit appears as an increase in
bulk density from 1.5 g/cm? at the seafloor to 1.80 g/cm? at 40
mbsf, and a decrease in porosity from 75% at the mud line to
61% around 40 mbsf (Fig. 14).

Physical Property Unit 2: This unit was recognized from 40
mbsf to the bottom of Hole 653A and was also observed in
Hole 653B down to 213 mbsf. Unit 2 shows a constant decrease
of porosity (61% to 54%) and quite constant bulk density val-
ues from 1.80 g/cm? to 1.90 g/cm? at the base of the unit.

Physical Property Unit 3: Observed between 216 mbsf and
the bottom of Hole 653B, this unit is bounded at its top by an
increase of bulk density and a decrease of porosity correspond-
ing to the gypsum layers. Deeper (230 mbsf), the bulk density
and porosity values reflect the lithology. The calcareous clay-
stones, the gypsum, and the selenite samples have high density
(2.03 g/cm? to 2.62 g/cm?) and low porosity (down to 20%); the
noncalcareous samples have low density (1.8 g/cm?). The last
sample was taken from a sand layer and shows both high poros-
ity and high bulk density.

The compressional wave velocity plot (Fig. 16) also shows
two main trends:

1. Unit 1: Recognized in Hole 653A from the mud line to
about 213 mbsf, this unit was sampled in Hole 653B between
196 and 214 mbsf. The velocities measured on samples remain
constant with an average value of 1.636 km/s.

2. Unit 2: This unit was sampled only in Hole 653B, between
225 mbsf and the bottom of the hole. This trend is characterized
by high values measured on gypsum samples.

Shear Strength

Measurements were done in Hole 653B (Tables 6 and 7) be-
tween the sea floor and 217 mbsf (Fig. 17). The data show an in-
crease vs. depth from the seafloor to 125 mbsf (50-60 kPa) with
high values at 50 mbsf (60-80 kPa) and at 123 mbsf (95 kPa), re-
lated respectively to indurated volcanic ash layers and probably
to diagenetic laminations. The shear strength remains constant
in the interval 126-190 mbsf. Below, an increase was measured
in the reddish layers (200-216 mbsf). These high values can also
be explained by diagenetic processes.

Thermal Conductivity

Due to an abnormal decrease of the geothermal gradient,
particular attention was given to thermal conductivity at Site
653. Thermal conductivity was routinely measured on each core
of Hole 653A and was measured on each section (sometimes
more frequently) at Hole 653B. The results are plotted in Figure
18 and are listed in Tables 7 and 8.

Results from Holes 653A and 653B correlate relatively well.
Both holes have a downhole increasing thermal conductivity
from 2.5 x 1073 cal X °C~! x cm~! x s~! at the sea floor to
3.6 X 10~3cal x °C~! x em~! x s~ !in Hole 653A and 3.1 x
1073 cal x °C~! x ecm~! x s~! in Hole 653B at about 120
mbsf in both holes. Below that depth a slight discrepancy ap-
pears: Hole 653A shows a gentle decrease of thermal conductiv-
ity from 3.0 x 1073 cal x °C~! x cm~! x s~! to about 2.9 X
1073 cal x °C~! x em~! x s~!at 220 mbsf. Hole 653B shows
constant values of about 2,9 x 1073 cal x °C~! x cm~! x s~!
from 120 to 157 mbsf. Then the thermal conductivity increases
upto3.23 x 10~3cal x °C~! x cm~! x s~!at 181 mbsf. Be-
low that depth it decreases to 2.92 x 1073cal x °C~! x
em~! x s~! at 213 mbsf.

The top of the evaporitic series is marked in both holes by an
important increase of thermal conductivity, which reaches 4.5
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Figure 14. Bulk density and porosity vs. depth at Site 653.

x 1073 cal x °C~! x em~! x s~ !in Hole 653B and 3.35 x
1073 cal x °C~! x cm~! x s~! in Hole 653A. Below, Hole
653A shows values ranging between 2.3 and 3.1 x 1077 cal x
°C~!' x em~! x s~!, Hole 653B, which penetrated deeper, indi-
cates that the thermal conductivity of the nonevaporitic Messi-
nian is comparable to the values of the Pliocene-Quaternary se-
ries. In summary the Miocene-Pliocene boundary at Site 653
appears to be an important thermal conductor.

INORGANIC GEOCHEMISTRY

Carbonate Analyses

Holes 653A and 653B, intended to provide a high resolution
profile of the Pliocene-Quaternary sedimentation of the Tyrrhe-
nian Sea, are treated together in this section. Because of the
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Figure 15. Grain density vs. depth at Site 653.

similarities in lithologies recovered and in the different sampling
and analytical strategies employed for these holes, results for
one hole may be applicable for the other. In addition to the
dense sampling strategy for shore-based high-resolution biostrati-
graphic, isotopic, and magnetostratigraphic work, we decided
to sample and analyze a large number of carbonate samples of
sediments from Hole 653A. Taken in two distinct intervals of
each section, these analyses may provide a basis for a high reso-
lution carbonate stratigraphy, when compared to results of the
above mentioned stratigraphic methods. Results of these analy-
ses are listed in Table 9 and depicted as depth plots in Figure 19.
Much less densely sampled, the corresponding plot of calcium
carbonate concentrations vs. depth for Hole 653B (Fig. 19) ap-
pears to lack the pronounced fine-scale variability of Hole 653A.
That this is an artifact of sampling becomes apparent in three
more-densely-sampled cores from Hole 653B (Cores 653B-7H,
653B-15X, and 653B-23X), where fluctuations are as intense as
in sediments of Hole 653A.

Variability of CaCO; concentrations in the Quaternary of
Hole 653A (Core 653A-1H to Section 653A-9H-7, 54-55 cm; 0-
79.5 mbsf) indeed is very high with values ranging from 1 to 67
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0 T T | T I T Table 2. Physical properties index, Hole 653A.
Depth Bulk Grain
Core Interval  sub-bottom  demsity  porosity  density
- - section (cm) (m) (g/em®) (%) (g/cm?)
® Hole 653A 1H-1 69-71 0.70 1.48 76.4 2.70
2H-3 69-71 7.39 1.52 69.8 2.70
A Hole 6538 2H-5 69-71 10.20 1.55 71.5 2.72
50 }— 3H-4 69-71 18.40 1.47 69.9 2.72
3H-6 69-71 21.40 1.53 71.1 2.78
4H-2 68-70 24.88 1.50 64.0 2.54
4H-5 68-70 28.38 1.56 64.4 2.71
SH-3 69-71 35.89 1.75 71.3 2.55
— 5H-6 69-71 40.09 1.91 74.4 297
6H-3 69-71 45.29 1.77 61.8 2.67
6H-6 80-83 49.80 1.48 69.0 1.90
7H-2 80-83 53.31 1.92 68.9 2.65
TH-4 69-72 56.20 1.90 63.8 2.68
100 |— TH-7 68-71 60.70 1.79 62.6 2.80
8H-3 68-71 64.20 1.79 60.2 278
8H-5 68-71 67.20 1.75 59.7 2.46
9H-1 69-72 70.70 1.82 62.5 2.84
- 9H-4 68-71 75.20 1.80 62.6 2.76
“ - 9H.-7 67-70 79.70 1.79 62.8 2.83
a 10H-1 69-71 80.30 1.90 58.0 2.81
= 10H-4  93-96 85.05 1.85 57.8 278
£ 10H-6  69-72 87.80 1.87 56.7 2.75
a 11H-1 68-71 89.70 1.86 57.8 2.83
& 150 — 11H-4  69-72 94.20 1.88 57.6 278
1H-C  7-10 98.10 1.86 58.9 2.76
12H4  69-71 103.40 1.87 55.3 276
12H-6  69-71 106.40 1.85 58.3 2.90
13H-3 69-71 111.40 1.90 54.7 2.73
B 13H-5  69-71 114.40 1.82 58.1 276
14X-2 69-71 119.50 1.80 60.5 2.88
14X-4 69-71 122.50 1.79 59.7 2.86
15X-1 69-71 127.30 1.78 58.5 2.82
15X-2 6971 128.80 1.80 56.7 2.76
200 — 16X-1 69-71 138.80 1.77 58.9 2.80
16X-3 68-70 141.80 1.75 60.6 2.78
17X-2 6971 147.80 1.81 58.9 2.80
17X-6 69-71 153.80 1.77 60.2 2.75
18X-2 69-71 157.40 1.81 56.9 2.74
~ 18X-5 69-71 161.90 1.85 54.6 2.76
19X-2 69-71 166,30 1.84 62.5 2.91
19X-5  69-71 170.50 1.82 55.7 2.76
20X-1 69-71 174.40 1.76 61.1 2.78
20X-4 69-71 178.90 1.74 60.9 2.83
250 — 21X-1 69-71 183.90 1.89 55.0 2.83
21X-4 65-68 188.35 1.86 57.5 2.79
2X2  96-99 195.37 1.93 55.7 2.81
2X-3 65-68 196.55 1.98 60.0 3.07
I | L ! ] : 23X-2 69-71 204.60 1.94 57.1 2.93
3 P 5 . . 23X-4  69-71 207.60 1.94 59.3 3.02
23X-6  69-71 210,30 1.85 61.6 3.03

Velocity (km/s)

Figure 16. Velocity vs. depth at Site 653.
Table 3. Physical properties index, Hole 653B.

weight %. A distinct climatic signal is not readily discernible. Bulk Grain
% ¥ Depth :

As a follow-up, c?rrelat:lon studies on smoothed carbonate data Core  Interval  sub-bottom  density  porosity  density

sets, faunal, and isotopic curves have to be performed to verify section (em) (m) (g/em?) (%) (g/cm?)

the hypothesis of a climatic impact on CaCO, sedimentation in

this area. 21X-6 55-58 195.05 1.90 56.7 2.80
T - ; 21X-6 94-97 195.45 1.91 53.9 2.82
A gradual downsection increase of CaCO; in the less varia- 21X-7 1-4 196.05 1.89 56.0 2.73
ble Pliocene sediments leads to a peak between 140 and 160 21X-7 43-46 196.45 1.95 58.4 2.76
mbsf, corresponding to Cores -17X and -18X. This interval, ac- 23X-1  84-87 207.55 1.96 9.3 2.80
cording to paleontological investigation, marks the transition ggig %::‘;; i?gﬂ f'gg gg'g :;-6,
from lower to middle Pliocene. For further discussion of car- 23X-4 80-83 212.02 1.86 60.6 2.86
bonate data, the reader is referred to “Lithostratigraphy” sec- 23X-5 83-86 213.55 1.89 62.5 2.84
tion, this chapter. 24X-1 69-70 216.80 245 49.0 2.75
25X-1 23-26 225.95 2.40 33.4 2.83

it 26X-2 44-46 239.15 2.05 45.6 2.74

Interstitial Waters 27%.3 84-87 248.75 2.03 48.5 2.86

Results of chemical analyses of interstitial waters sampled in i;if ;i‘;; ig; '?; f.{.; ‘;g'g g:g
Holes 653A and 653B are presented in Table 10 and Figures 20A 28%.2 61-64 256.72 2.62 914 2.89

and -B. As observed in previous holes of this leg, gradients of
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Table 4. Compressional velocity, Hole 653A.

Depth Compressional

Core Interval  sub-bottom velocity
section (cm) (m) (km/s)
5H-3 69-71 35.89 1.567
5H-6 69-T1 40.09 1.605
6H-3 69-T1 45.29 1.641
7H-2 80-83 53.31 1.756
TH-4 69-72 56.20 1.605
TH-7 68-71 60.70 1.615
8H-3 68-71 64.20 1.586
8H-5 68-71 67.20 2.390
9H-1 69-72 70.70 1.663
9H-4 68-71 75.20 1.593
9H-7 67-70 79.70 1.605
10H-1 69-71 80.30 1.622
10H-4 93-96 85.05 1.712
10H-6 69-72 87.80 1.634
11H-1 68-T1 89.70 1.637
11H-4 69-72 94.20 1.636
11H-C 07-10 98.10 1.622
12H-4 69-71 103.40 1.626
12H-6 69-71 106.40 1.650
13H-3 69-T1 111.40 1.606
13H-5 69-71 114.40 1.620
14X-2 69-71 119.50 1.603
14X-4 69-T1 122.50 1.616
15X-1 69-T1 127.30 1.609
15X-2 69-71 128.80 1.638
16X-1 69-T1 138.80 1.624
16X-3 68-70 141.80 1.601
17X-2 69-71 147.80 1.648
17X-6 69-71 153.80 1.585
18X-2 69-T1 157.40 1.652
18X-5 69-71 161.90 1.632
19X-2 69-71 166.30 1.638
19X-5 69-71 170.50 1.915
20X-1 69-T1 174.40 1.686
20X-4 69-T1 178.90 1.636
21X-1 69-71 183.90 1.673
21X-4 65-68 188.35 1.632
22X-2 96-99 195.37 1.651
22X-3 65-68 196.55 1.691
23X-2 69-T1 204.60 1.673
23X-4 69-71 207.60 1.673
23X-6 69-71 210.30 1.656

Table 5. Compressional velocity, Hole 653B.

Depth Compressional

Core Interval  sub-bottom velocity
section (ecm) (m) (km/s)
21X-6 55-58 196.05 1.664
21X-6 94-97 195.45 1.706
21X-7 1-4 196.05 1.665
21X-7 43-46 196.45 1.733
23X-1 84-87 207.55 1.668
23X-2 68-71 208.90 1.636
23X-3 T0-73 210.40 1.639
23X-4 80-83 212.02 1.625
23X-5 83-86 213,55 1.649
25X-1 23-26 225.95 4.920
26X-2 44-46 239.15 1.770
27X-3 84-87 248.75 1.780
27X-5 12-15 251.04 1.950

major ions in interstitial waters of Tyrrhenian sediments differ
considerably from those of other marine sediments. The reason
is the continuing input of ions from underlying Messinian evap-
orites. Diffusion and compaction export ions to the lower water
column, establishing a gradient from the source (the halite, gyp-
sum, or anhydrite) to the sediment/water interface. Differences
in gradients are due to different diffusion coefficients of indi-
vidual ions and physical properties of the sediments through
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Table 6. Shear strength measurements,

Hole 653B.
Depth Shear
Core Interval  sub-bottom  strength
section (cm) (m) (kPa)
1H-2 84 2.34 10.761
1H-4 39 4.89 8.121
1H-4 75 5.25 4.873
IH-4 123 5.73 23.146
2H-2 85 8.45 6.091
2H-3 129 10.39 15.634
2H-4 Xl 11.37 12.588
2H-5 81 12,91 5.076
3H-2 81 19.91 9.746
3H-3 80 21.40 15.227
IH-4 101 23.11 12.791
3H-5 65 24,25 7.309
3H-7 26 26.86 10.152
4H-3 25 30.35 10.819
4H-7 13 36.28 17.258
5H-2 101 39.11 10.558
5H-4 55 41.65 28.425
5H-6 63 44.73 33.511
6H-2 134 48.84 83.049
6H-4 109 51.59 61.922
6H-6 93 54.43 29.869
TH-2 108 57.98 10.199
TH-4 116 61.06 45,167
TH-6 100 63.90 18.213
8H-1 7 65.67 37.153
8H-3 77 68.67 24.041
9X-2 107 76.97 27.683
9X-4 67 79.57 24.769
9X-6 30 82,20 36.425
10X-2 64 86.14 16.027
10X-5 76 90.76 50.995
11X-2 87 95.77 25.498
11X-4 74 98.64 26.955
11X-6 126 102.16 58.280
11X-7 20 102.60 40.067
12X-2 57 104.67 24.041
12X-4 59 107.69 26.226
12X-6 35 110.45 65.965
13X-2 96 114.56 42.981
13X-4 62 117.15 64.836
13X-6 85 120.45 49.538
14X-1 51 122.11 36.425
14X-2 60 123.70 94.705
15X-2 81 133.31 25,498
15X-4 101 136.51 29.140
15X-6 102 139.52 45.895
16X-2 58 142.58 64.108
16X-4 58 145,58 58.280
16X-6 35 148.35 56.823
17X-5 51 158.01 25.498
17X-6 89 160,39 51.723
18X-2 55 161.65 58.280
18X-4 29 163.39 52.452
18X-6 102 168.12 52.452
19X-2 66 170.66 52.452
19X-5 85 175.35 47.352
20X-2 112 180.62 78.678
20X-4 95 183.45 65.565
20X-6 65 186.15 65.565
21X-2 92 189.42 40.067
21X-4 56 192.06 52.452
21X-6 29 194.79 60.465
21X-6 34 194.84 85.963
21X-6 87 195.37 3351
21X-T 12 196.12 98.347
21X-7 39 196.39 140.600
22X-2 62 199.32 56.823
22X-4 60 202.30 63.379
23X-1 91 204.67 72.827
23X-1 120 204.90 69.414
23X-2 75 205.95 71.393
23X-2 86 206.06 110.379
23X-3 67 207.37 142.241
23X-4 29 208.49 63.379
23X-4 66 208.86 110.379
23X-5 19 209.89 62.586
24X-1 44 216.54 39.827
24X-1 87 216.97 30.724




Table 7. Thermal conductivity, Hole 653A.

Depth Thermal
Core  Interval  sub-bottom conductivity
section  (cm) (m) (1073 cal/ecm?/s)
1H-1 96 0.96 2.46089
1H-3 30 3.20 2.47163
2H-2 66 5.86 2.57260
3H-2 78 15.48 2.83020
4H-2 75 24.75 2.58765
5H-6 70 40.10 2.58765
6H-3 75 45.35 2.84489
TH-4 75 56.25 2.96730
8H-3 80 64.30 2.98474
9H-4 75 75.25 2.99034
10H-3 75 83.35 2.87902
11H-1 73 89.75 3.01800
12H-2 73 100.45 3.07272
13H-4 75 112.96 3.28256
14X-2 75 119.55 3.08360
15X-2 72 128.10 3.60570
16X-2 94 138.32 3.08735
17X-2 90 148.00 3.21793
18X-2 83 157.53 3.15479
18X-4 15 160.45 3.28560
19X%-3 80 167.90 3.07400
20X-1 76 174.46 2.94500
20X-2 76 177.45 2.92700
20X-4 75 178.94 2.86700
20X-5 79 180.49 3.08100
21X-1 15 183.95 3.06647
21X-2 75 185.45 3.05209
21X-3 75 186.95 2.97945
21X-4 75 188.45 3.07255
21X-5 75 189.20 3.09605
22X-1 75 193.65 297717
22X-2 75 195.15 3.10944
22X-3 75 196.65 3.17045
22X-4 75 198.05 3.00883
23X-1 75 203.15 2.99649
23X-2 75 204.65 3.09472
23X-3 75 206.15 3.10689
23X-4 15 207.65 2.92155
23X-6 75 210.55 2.87124
24X-2 75 213.40 2.83380
24X-3 75 215.65 2.79247
24X-4 75 217.15 2.86633
24X-5 75 218.65 2.85606
24X-6 75 220.15 2.72193
25X-1 75 222.15 3.32946
25X-2 50 223.40 3.34830
25X-C 5 230.65 3.16050
25X-C 17 230.77 3.19705
25X-C 27 230.87 3.11650
26X-1 12 231.12 2.36900
26X-1 30 231.30 2.96229
26X-1 48 231.48 2.52056
26X-1 80 231.80 2.97357
26X-1 125 231.95 2.87760
26X-2 10 232.60 2.39120
26X-2 25 232.75 2.88254
26X-2 54 233.04 2.96976
26X-2 82 233.32 2.34780
26X-2 126 233.76 3.05203

which they diffuse. Close sampling of small quantities of inter-
stitial waters in Hole 653B shows that concentrations of both
anions (Cl-, SO,*") and cations (Ca?*, Mg?*) are subject to
quite pronounced changes within a few meters. These changes
must be related to bulk sediment properties, such as chemistry
or porosity of a particular layer. Typical features of other ma-
rine sediments, such as sulfate depletion by bacterial degrada-
tion of organic matter at the expense of oxidized sulfur with
concordant rise in alkalinity concentration, or downhole deple-
tion of magnesium and concordant stoichiometric increase in
calcium, are almost or totally absent. Comparison of chlorinity
and salinity gradients and concentrations in this hole with those
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Figure 17. Shear strength vs. depth at Hole 653B.

of Sites 650 and 652 is difficult because Site 653 is relatively
shallow. Even over this shallow interval of 210 m, however, we
found a downsection increase both in salinity and chlorinity, as
well as an increase in Mg?*. This is interpreted as an indication
of evaporite dissolution in the subsurface of Site 653.

Organic Geochemistry

Few analyses of organic carbon content were performed on
sediments of Holes 653A and 653B. Interesting coarse-grained,
thin layers of organic carbon-rich sapropels encountered in the
Quaternary succession of Hole 653B were analyzed. A high value
of 4.2% was detected in Sample 653B-7H-4, 36-38 cm, a dark
green sapropel sandwiched between organic-carbon-lean (0.00%
and 0.19%, respectively) background sediments. Results of C,,,
analyses of sediments from Hole 653B are given in Table 11 and
depicted in Figure 21.

HEAT FLOW

Introduction

Site 653 is located 0.8 km east of DSDP Site 132 in the Cor-
naglia Basin, near a pinch-out of Messinian sequences against
the eroded basement of the Della Rondine Seamount, a horst-
type structure of high relief along the main Central Fault (Fig.
22).
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Figure 18. Thermal conductivity vs. depth at Site 653.

Data

Five temperature measurements were recorded in Hole 653A,
three using the Von Herzen temperature probe during Advanced
Piston Coring (APC) operations, and two using the Uyeda tem-
perature probe during Extended Core Barrel (XCB) coring oper-
ations.

Temperature records 1 to 4 are of good quality at 41.6, 79.6,
117.3, 155.2 sub-bottom depth, respectively (Figs. 23 and 24).
Measurement 5 at 192.90 mbsf, shows no apparent frictional
heating at the beginning of the run, then a temperature plateau
for about 10 min followed by a slow increase to a maximum
temperature of 29.78°C (Fig. 24).

Examination of the temperature profile (Fig. 25) shows a de-
crease in the geothermal gradient with depth. Considering ther-
mal gradients and conductivity harmonic means in order to ob-
tain interval heat flow values indicates that the conductive heat
flux is not constant with depth (Table 12). Such a significant de-
crease vs. depth in thermal gradient would indicate a loss of
heat beneath the level of the last measurement.
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Table 8. Thermal conductivity, Hole 653B.

Depth Theepas
Core Interval  sub-bottom conduetivity
section  (cm) (m) (1073 cal/em®/s)  (W/H/C)
1H-1 75 0.75 2.3269 0.974
1H-2 75 2.25 2.1079 0.882
1H-3 75 3.75 2.1148 0.885
1H-4 75 5.25 2.4702 1.034
2H-1 75 7.05 2.5966 1.087
2H-2 75 8.55 2.4270 1.016
2H-3 75 10.05 2.4103 1.009
2H-4 75 11.55 2.5093 1.050
2H-5 75 13.05 22383 0.937
3H-1 75 18.35 2.6004 1.090
IH-2 75 19.85 2.5985 1.088
3H-3 75 21.35 2.0121 0.842
3H-4 75 22.85 2.4879 1.042
3H-5 75 24.35 2.2928 0.960
4H-1 75 27.85 2.5966 1.087
4H-2 75 29.35 2.4270 1.016
4H-3 29 30.85 2.4103 1.009
4H-4 75 32.35 2.5093 1.051
4H-5 36 33.85 2.2383 0.937
SH-1 75 37.35 2.4245 1.015
SH-2 75 38.85 2.3860 0.999
SH-3 75 40.35 2.6243 1.099
SH-4 75 41.85 2.4864 1.041
6H-1 75 46.75 2.5601 1.072
6H-2 75 47.50 2.0954 0.877
6H-3 75 49.00 2.4862 1.041
6H-4 75 50.75 2.6680 1.117
6H-5 75 52.00 2.7211 1.139
6H-6 75 53.75 2.9731 1.245
6H-7 75 55.00 2.7989 1.172
7H-1 75 56.15 2.4599 1.030
TH-2 75 57.65 2.3403 0.980
TH-3 75 59.15 2.7437 1.148
TH-4 75 60.65 2.7097 1.134
TH-5 75 62.15 2.7726 1.161
10X-1 75 84.75 2.4886 1.042
10X-2 75 86.25 2.6296 1.013
10X-3 75 87.75 2.6317 1.102
10X-4 75 89.25 2.4993 1.046
10X-5 TS5 90.75 2.5227 1.056
11X-1 75 94.15 3.0472 1.275
11X-2 71 95.61 3.1137 1.303
11X-3 72 97.12 3.1234 1.307
11X-4 72 98.62 3.0081 1.259
11X-5 73 100.13 2.9143 1.220
12X-1 75 103.35 2.9944 1.253
12X-2 75 104.85 2.9033 1.215
12X-3 75 106.35 2.9533 1.236
12X-4 75 107.85 3.0813 1.290
12X-5 75 109.35 3.2869 1.376
13X-2 76 114.36 3.0867 1.292
13X-3 76 115.86 3.0123 1.261
13X-4 76 117.36 3.1149 1.261
13X-6 76 118.86 3.0055 1.258
14X-1 124 122.84 3.0354 1.271
14X-2 53 123.63 3.1532 1.320
15X-2 75 131.75 2.8503 1.193
15X-3 75 133.75 2.8975 1.213
15X-4 75 134.75 2.8674 1.200
15X-5 75 136.25 2.9106 1.218
15X-6 75 137.75 2.8225 1.181
16X-1 75 141.25 3.0014 1.256
16X-2 75 142.75 2.9604 1.239
16X-3 75 144.25 2.6563 1.112
16X-4 75 145.75 2.9562 1.237
16X-5 75 147.25 3.0389 1.272
17X-1 91 150.91 2.8614 1.198
17X-2 99 152.49 2.9835 1.249
17X-3 100 154.00 2.9298 1.226
17X-4 92 155.48 2.8593 1.197
17X-5 92 156.98 2.8873 1.209
18X-2 75 161.85 3.0543 1.278
18X-3 75 163.35 3.2103 1.344
18X-4 75 164.85 3.0488 1.276
18X-5 75 166.35 3.0980 1.297
18X-6 15 167.85 31119 1.303
19X-2 75 170.75 3.0362 1.271




SITE 653

Table 8 (continued). Table 9. Calcium carbonate con-
centrations in Hole 653A.
Depth Thermal
Core  Interval  sub-bottom conductivity Sample Depth % CaCOj4
section  (cm) (m) (1073 cal/em®/s)  (W/H/C)
1-1, 54-55 0.54 45.79
19X-3 75 172.25 3.1520 1.319 1-1, 69-71 0.69 44.78
19X-4 75 173.75 3.1185 1.305 1-1, 116-117 1.16 30.40
19X-5 75 175.25 3.0381 1.272 1-2, 54-55 2.04 36.85
19X-6 s 176.75 3.1404 1.315 1-2, 116-117 2.66 36.65
20X-1 75 178.75 3.1970 1.338 1-3, 54-55 3.54 13.81
20X-2 75 180.25 3.2181 1.347 2-1, 55-56 425 41.06
20X-3 75 181.75 3.2382 1.355 21, 115-116 4.85 37.11
20X-4 75 183.25 3.1708 1.327 2-2, 55-56 5.75 37.81
20X-5 75 184.75 3.3051 1.383 22, 115-116 6.35 39.77
21X-1 75 187.75 3.3692 1.410 23, 55-56 7.25 35.00
21X-2 75 189.25 3.4042 1.425 2.3, 69-71 7.39 35.96
21X-3 75 190.75 3.2798 1.373 2-3, 115-116 7.85 32.12
21X-4 75 192.25 3.4102 1.427 2.4, 55-56 8.75 34.45
21X-5 75 193.75 3.0385 1.272 2-4, 115-116 9.35 27.42
21X-6 75 195.25 3.2128 1.358 2-5, 55-56 10.25 25.52
21X-7 20 196.20 3.3447 1.400 2-5, 69-71 10.39 44.34
22X-1 75 197.95 3.2032 1.341 2-5, 115-116 10.85 36.16
22X-2 75 199.95 3.1405 1.315 2-6, 55-56 11.75 48.05
22X-3 s 200.95 3.2419 1.357 2-6, 115-116 12.35 13.22
22X-4 75 202.45 3.1373 1.313 2-7, §5-56 13.25 35.26
22X-5 75 203.95 3.1137 1.303 3-1, 55-56 13.75 1.24
22X-6 75 205.95 3.0838 1.291 3-1, 115-116 14.35 36.01
22X-7 20 206.40 3.2515 1.361 3-2, 55-56 15.25 31.94
23X-1 75 207.45 3.0903 1.294 32, 115-116 15.85 64.64
23X-2 75 208.95 3.0078 1.259 3-3, 55-56 16.75 60.79
23X-3 75 210.45 2.9626 1.240 33, 115-116 17.35 43.68
23X-4 75 211.95 2.9446 1.233 3.4, 55-56 18.25 62.89
23X-5 75 213.45 2.9233 1.224 3-4, 115-116 18.85 39.38
24X-1 20 216.30 3.7610 1.574 3.5, 115-116 20.35 35.44
24X-1 50 216.60 3.5753 1.497 3.6, 55-56 21.25 21.27
24X-1 100 217.10 4.2051 1.760 3-6, 115-116 21.85 30.73
24X-1 125 217.35 4.4391 1.858 4-1, 56-57 23.26 56.41
24X-C 5 217.65 4.5974 1.924 4-1, 115-116 23.85 48.75
25X-1 100 226.70 3.1352 1.312 4-2, 56-57 24.76 62.12
25X-1 125 226.95 3.3115 1.386 4-2, 115-116 25.35 34.29
25X-C 10 227.30 3.3357 1.396 4-3, 56-57 26.26 44.46
26X-1 50 235.80 2.9030 1.215 4-3, 115-116 26.85 57.29
26X-1 75 236.05 3.2507 1.361 4-4, 56-57 27.76 33.63
26X-1 100 236.30 2.9870 1.250 4-4, 115-116 28.35 39.77
26X-1 125 236.55 2.8950 1.212 4-5, 56-57 29.26 27.23
26X-2 15 236.95 1.8085 0.757 4-5, 115-116 29.85 47.08
26X-2 40 237.20 3.0845 1.291 4-6, 56-57 30.76 44,83
26X-C 18 237.40 3.4866 1.459 4-6, 115-116 31.35 31.73
27X-1 50 255.10 3.5430 1.278 4-7, 56-57 32.26 30.34
27X-1 100 255.60 3.2103 1.344 5-1, 54-55 32.76 20.74
27X-2 50 256.60 3.0488 1.276 5-2, 54-55 34.24 51.00
27X-2 100 257.10 3.0980 1.297 5-3, 54-55 35.74 63.16
27X-3 50 257.60 3.1119 1.303 5-4, 54-55 37.24 32.13
27X-3 100 258.10 3.0543 1.278 5.5, 54-55 38.74 36.98
27X-3 140 258.50 3.2103 1.344 5-6, 54-55 40.24 53.41
27X-4 15 258.75 3.0488 1.276 5-7, 54-55 41.74 11.31
27X-4 50 259.10 3.1119 1.303 6-1, 54-55 42.14 25.02
27X-4 75 259.35 3.4217 1.432 6-1, 115-116 42.75 10.92
27X-4 100 259.60 3.0339 1.270 6-2, 54-55 43.64 54.38
27X-4 125 259.85 3.1054 1.300 6-2, 116-117 44,25 35.73
27X-4 150 260.00 3.1953 1.337 6-3, 54-55 45.14 47.47
27X-5 10 260.10 3.3501 1.402 6-3, 115-116 45.75 46.22
27X-C 18 260.40 3.2884 1.376 6-4, 54-55 46.64 13.49
28X-1 100 264.70 3.0969 1.296 6-4, 115-116 47.25 14.39
28X-1 130 265.00 3.1104 1.302 6-5, 52-53 48.12 67.03
28X-2 30 265.50 3.1746 1.329 6-5, 115-116 48.75 40.37
6-6, 54-55 49.64 34.95
6-6, 111-112 50.21 25.16
Thermal conductivities have been measured in the shipboard ;: ?‘]‘;sfl ; ;;f; g'?}g
lab on sampled cores, using the needle probe method. Twenty- 72, 54-55 53.04 34.30
nine measurements were performed on Hole 653A cores, both 7-2, 116-117 53.63 41.56
above and below measurement 5 (see Fig. 18 and Table 13). 7-3, 54-55 54.54 3537
Thermal conductivities tend to increase with depth from 1.03 Up et S
W/mK (2.5 x 1073 cal/(°C x cm x s) to 1.35 W/mK (3.2 x 74 115-116 56.65 48.35
10-3 cal/°C x cm X s), with higher values up to 1.5 W/mK 7-5, 54-55 57.54 55.76
(3.6 x 1073 cal/°C X cm X s) measured between 215 and 225 7-5, 115-116  58.15  43.92
mbsf; below this level, high and low values alternate from 1.35 7-6, 54-55 204 32N

7-6, 115-116 59.65 58.84

(3.2 x 1073 cal/°C % cm X s) to 1.15 W/mK (2.75 x 103 7.7, 54-55 60.54 42.39

cal/°C x em x s) (Fig. 18). The 59 closely spaced measure-
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Table 9 (continued).

Sample Depth % CaCO;
8-1, 52-53 61.02 7.65
8-1, 115-116 61.65 3131
8-2, 52-53 62.52 39.04
8-2, 117-118 63.15 45.10
8-3, 52-53 64.02 45.50
8-3, 116-117 64.65 46.23
8-4, 52-53 65.52 29.44
8-4, 116-117 66.15 49.36
8-5, 52-53 67.02 35.42
8-5, 116-117 67.65 50.52
8-6, 52-53 68.52 31.76
8-6, 115-116 69.15 5371
9-1, 54-55 70.54 43.50
9-1, 115-116 71.15 50.40
9-2, 54-55 72.04 39.02
9-2, 115-116 72.65 57.20
9-3, 54-55 73.54 51.55
9-3, 115-116 74.15 58.22
9-4, 54-55 75.04 49.26
9-4, 115-116 75.65 51.23
9-5, 54-55 76.54 45.47
9-5, 115-116 77.15 56.81
9-6, 54-55 78.04 34.16
9-6, 115-116 78.65 56.73
9-7, 54-55 79.54 52.82
10-1, 54-55 80.14 45.72
10-1, 115-116 80.75 50.75
10-2, 54-55 B1.64 35.87
10-2, 115-116 82.25 38.61
10-3, 54-55 83.14 26.18
10-3, 115-116 83.75 53.31
10-4, 54-55 84.64 44.32
10-4, 115-116 85.25 46.67
10-5, 54-55 86.14 46.73
10-5, 115-116 86.75 52.76
10-6, 54-55 87.64 52.75
11-1, 54-55 89.54 63.34
11-1, 115-116 90.15 59.28
11-2, 54-55 91.04 42.71
11-2, 115-116 91.65 57.34
11-3, 54-55 92.54 44,77
11-3, 115-116 93.15 54.08
11-4, 54-55 94.04 59.43
11-4, 115-116 94,65 57.64
11-5, 54-55 95.54 62.37
11-5, 115-116 96.15 51.66
11-6, 54-55 97.04 57.18
11-6, 115-116 97.65 48.43
12-1, 54-55 98.74 42,98
12-1, 115-116 99.35 41.74
12-2, 54-55 100.24 58.47
12-2, 115-116 100.85 66.51
12-3, 54-55 101.74 64.83
12-3, 115-116  102.35 57.00
12-4, 54-55 103.24 47.79
12-4, 115-116 103.85 60.50
12-5, 54-55 104.74 65.34
12-5, 115-116 105.35 56.60
12-6, 54-55 106.24 64.02
12-6, 115-116 106.85 66.67
13-1, 54-55 108.24 61.96
13-1, 115-116  108.85 37.53
13-2, 54-55 109.74 53.45
13-2, 115-116  110.35 60.63
13-3, 54-55 111.24 41.66
13-3, 115-116  111.85 64.83
13-4, 54-55 112.74 61.98
13-4, 115-116 113.35 63.52
13-5, 54-55 114.24 59.28
13-5, 115-116  114.85 55.80
13-6, 54-55 115,74 58.82
13-6, 115-116 116.35 49.41
14-1, 54-55 117.84 60.57
14-1, 115-116  118.45 54.15
14-2, 54-55 119.34 64.15
14-2, 115-116  119.95 56.52
14-3, 54-55 120.84 63.86
14-3, 115-116 121.45 61.98

Table 9 (continued).

Sample Depth % CaCO;
14-4, 54-55 122.34 60.31
14-4, 115-116 122,95 63.35
14-5, 54-55 123.84 59.78
14-5, 115-116  124.45 53.95
14-6, 54-55 125.34 53.39
14-6, 115-116 124,95 60.46
15-1, 54-55 127.14 55.95
15-1, 115-116  127.75 55.15
15-2, 55-56 128.64 58.57
15-2, 115-116  129.25 54.54
16-1, 54-55 130.14 62.90
16-1, 115-116  130.75 65.23
16-2, 54-55 131.64 58.87
16-2, 115-116  132.25 54.61
16-3, 54-55 133.14 63.05
16-3, 115-116  133.75 58.22
16-4, 54-55 134.64 62.00
16-4, 115-116  135.25 90.63
16-5, 54-55 136.14 62.21
16-5, 115-116  136.75 65.93
16-6, 54-55 137.64 58.87
16-6, 115-116  138.25 65.93
17-1, 54-55 146.14 62.38
17-1, 115-116 146,75 73.65
17-2, 54-55 147.64 70.65
17-2, 115-116  148.25 66.64
17-3, 54-55 149.14 61.09
17-3, 115-116  149.75 71.10
17-4, 115-116  150.64 48.67
17-5, 54-55 151.25 64.46
17-5, 115-116  152.14 61.79
17-6, 54-55 152.75 72.11
17-6, 115-116  153.64 64.74
18-1, 54-55 155.74 78.06
18-1, 115-116  156.35 59.81
18-2, 54-55 157.24 65.52
18-2, 115-116  157.85 65.63
18-3, 54-55 158.24 29.95
18-3, 115-116  159.35 64.18
18-4, 54-55 159.74 77.68
18-4, 115-116  160.85 65.15
18-5, 54-55 161.24 84.65
18-5, 115-116  162.35 65.07
18-6, 54-55 162.74 64.44
19-1, 54-55 164.64 66.54
19-1, 115-116  165.25 52.19
19-2, 54-55 166.14 82.41
19-2, 115-116  166.75 57.27
19-3, 54-55 167.64 63.49
19-3, 115-116  168.25 61.41
19-4, 54-55 169.14 49,22
19-4, 115-116  169.75 55.47
19-5, 54-55 170.64 54.12
19-5, 115-116  171.25 63.18
20-1, 54-55 174.24 66.22
20-1, 115-116  174.65 55.82
20-2, 54-55 175.74 54.18
20-2, 115-116  176.15 55.99
20-3, 54-55 177.24 52.64
20-3, 115-116  177.65 69.80
20-4, 54-55 178.74 64.79
20-4, 115-116  179.15 61.69
20-5, 54-55 180.24 64.31
20-5, 115-116  181.65 60.70
21-1, 54-55 183.74 57.55
21-1, 115-116 184.35 69.75
21-2, 54-55 185.24 67.82
21-2, 115-116  185.85 70.56
21-3, 54-55 186.74 71.84
21-3, 115-116  187.35 69.86
21-4, 54-55 188.24 69.78
21-4, 115-116  188.85 56.42
21-5, 54-55 189.74 61.26
21-5, 115-116  190.24 56.25
22-1, 56-57 193.44 54,77
22-2, 56-57 194.94 65.62
22-2, 117-118  195.55 67.18
22-3, 56-57 196.44 78.72




Table 9 (continued).

SITE 653

ments on Hole 653B cores confirm the steady increase of the
conductivity with depth in the Pliocene-Pleistocene sediments.

Sample Depth % CaCO4 Higher values up to 1.9 W/mK (4.5 x 103 cal/°C X ¢m X s),
were measured around 220 mbsf in the Messinian sediments (see
22-3, 115-116  197.05 50.67 Table 13)
22-4, 117-118  198.56 67.18 ;
23-1, 54-55 202.94 68.76
23-1, 115-116  203.55 70.66 inat :
533 siss e S Heat Flow Determination and Conclusions
23-2, 115-116  205.05 55.94 Heat flow is highly variable with depth (see Table 12), de-
igg' f‘l‘;sf m 3232'22 :g-gg creasing from 141.7 mW/m? between surface and 41.6 mbsf to
234 5455 20744 55.01 66 mW/m? between 155.2 and 192.9 mbsf.
23-4, 115-116  208.05 45.07 The most probable explanation for such a variability in geo-
23-5, 54-55 208.94 59.35 thermal gradient and heat flow with depth is the proximity of
i;‘jv ;15;;15 i‘]’g-iﬁ gg the upper Messinian evaporitic sequence, the conductivity of
236 115-116  211.05 49.97 which is commonly about twice that of the overlying sediments.
The presence of such a highly conductive layer may have trig-
Hole 653A Hole 6538
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Figure 19. Weight % CaCO; vs. depth, Hole 653A and Hole 653B. Sedimentation rates were calculated using the
paleontological data.
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SITE 653

Table 10. Analyses of interstitial waters, Holes 653A and 653B.

Sample No.  Depth Sal. Alk. pH CI- SO2~ cCa?* Mg** cCarMg
Surface 0.0 37.0 236 B8.16 580  27.2 9.0 572 0.16
Hole 653A:
1H-2, 140-150 29 375 299 7.68 606 24.6 69  5LI 0.13
6H-5, 140-150 490 380 2380 749 550 305 184 665 0.28
11H-5, 140-150  96.4 40.0 2.66 7.1 634 240 189 533 0.36
17X-5, 140-150 153.0 42.5 2.20 7.29 653 26.1 17.9 50.3 0.35
22X-3, 140-150 197.3 445 1.07 7.6 543 332 223 714 03]
Hole 653B:
1H-4, 39-46 49 395 nd. nd 614 226 83 475 0.17
2H-5, 140-150 13.5 360 373 751 524 263 9.3 507 0.18
3H-4, 143-149 22.0 39.0 n.d. n.d. 581 24.6 8.5 54.0 0.16
4H-3, 142-149 3.5 380 nd. nd 600 215 7.0 472 0.15
SH-5, 142-148 440 395 nd. nd 608 253 156  60.5 0.26
6H-4, 140-148 519 385 nd. nd. 613 268 77 357 0.21
6H-5, 58-66 52.6 40.0 n.d. n.d. 611 26.1 17.9 58.4 0.31
7H-5, 140-150 628 400 325 738 623 17.6 153 9.7 0.26
8H-2, 50-56 669 40.0 nd. nd 589 280 122 578 0.21
9X-2, 120-126 771 415 nd. nd. 636 317 151  63.0 0.24
12X-3, 142-148  107.0 420 nd. nd. 665 342 211 63.6 0.33
13X-4, 142-149  118.0 425 nd. nd. 654 335 223 619 036
14X-2, 104-110  124.1 445 nd. nd. 630  34. 218 59.7 0.37

16X-3, 140-148 1449 450 nd. nd.
17X-3, 140-148 1544 420 nd. nd.
18X-4, 142-150 1655 440 nd. nd.
19X-4, 115-121 1742 45,0 nd. nd.
21X-3, 141-148 191.4 440 nd. nd
22X-3, 80-86 201.0 460 nd n.d.
23X-3, 80-86 210.5 450 nd. nd

621 345 26.9 61.9 0.43
636 37.3 25.4 64.5 0.39
683 40.5 28.6 67.5 0.42
700 44.0 334 70.7 0.47
690 43.3 36.3 67.7 0.54
681 36.8 29.8 72.2 0.41
695 31.7 28.2 75.1 0.38

Sample No.: Hole 653A/B, Core-Section, Interval. Depth is given in meters below seafloor. Sal.:
Salinity in parts per thousand; Alk.: Alkalinity in mmol/L; CI~, SO,2~, Ca®*, Mg2* are

given in mmol/L; n.d. = not measured.

gered lateral heat transfer, especially in the area where the salt
pinches out.

Depending on the two-dimensional geometry of the evapo-
ritic layer, lateral heat transfer could generate a temperature dis-
tribution capable of accounting for the observed heat flow vari-
ability. These effects can be investigated through model studies.

DISCUSSION AND CONCLUSIONS

Pliocene-Quaternary Section

The Pliocene-Quaternary section recovered at Site 653 is very
similar to that from DSDP 132; however, 15 years of progress in
drilling and coring technology are apparent in increased recov-
ery and decreased coring disturbance. Over 3500 samples were
taken at this site. The quality and quantity of core recovered
seem to be suitable for the shore-based, high-resolution, Plio-
cene-Quaternary stratigraphic studies which were the main ob-
jective of the site. An exception may be in magnetostratigraphy;
the natural remanent magnetism in the upper 165 m of both
holes was severely overprinted and it was not possible to identify
geomagnetic reversals with shipboard techniques.

The Messinian and the Miocene/Pliocene Boundary

Biostratigraphic Evidence

The Miocene/Pliocene boundary has been recognized as the
first occurrence of open marine foraminifer community, i.e.,
the base of foraminiferal zone MPI1 (Sphaeroidinellopsis acme
zone) (Cita, 1973, 1975). By this criterion, the Messinian/Plio-
cene boundary is not necessarily time-equivalent throughout the
Mediterranean. The Messinian/Pliocene boundary falls between
107-653A-24X, CC and 653A-25X, CC (between 221.4 and 231.0
mbsf) and between 107-653B-23X, CC and 653B-24R, CC (be-
tween 216.1 and 225.7 mbsf). The most likely position in Hole
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653A is at the contact between overlying dark grayish brown
clay and underlying gray marl at 107-653A-24X, CC, 8 cm; the
corresponding position in Hole 653B is probably at the contact
between overlying reddish mud and underlying gray marl at 107-
653B-23X, CC, 27 cm. Note that these positions do not coin-
cide exactly with the boundary between lithostratigraphic Units
I and II, which falls slightly deeper in both cores (107-653A-
25X-1, 23 cm, and 107-653B-24X-1, 50 cm).

The sequence underlying Zone MPI11, lacking age-diagnostic
foraminifers, is attributed to the “non-distinctive” zone described
by laccarino and Salvatorini (1982). As described, this non-dis-
tinctive zone is an upper Messinian unit characterized by brack-
ish-water facies (“lago mare” facies). Although this “lago mare”
facies is well known from the eastern Mediterranean, in the west-
ern Mediterranean it seems to be replaced by less-restricted envi-
ronments (Hsii et al., 1978). At Site 653, the non-distinctive
zone contains small planktonic and benthic foraminiferal assem-
blages with Globigerinita quinqueloba, Globigerinita glutinata,
and several species of the Globigerina group. Benthic foramini-
fers of the genera Bolivina, Gyroidina, Pullenia, Elphidium, Ci-
bicides, Uvigerina, Ammonia, and Gyroidinoides were observed.
Nannoplankton are few to common. The nannoplankton assem-
blage is more diversified than the foraminiferal assemblages and
includes predominantly species which are more tolerant of changes
in water depth, salinity, and temperature. However, there are
also discoasters and amauroliths which are generally known from
normal marine environments. They are generally of smaller than
usual size.

In addition to these micro- and nannofossil assemblages which
can be considered to be autochthonous, reworked species from
the Cretacous, Paleogene, and Neogene (Burdigalian-Tortonian)
have been found. Similar observations have been described by
Hsii, Montadert, et al. (1978) from Site 372 in the Balearic Ba-
sin.
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Figure 20. Plot of interstitial water data vs. depth. A. Hole 653A. B. Hole 653B.
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Table 11. Calcium carbonate and or-
ganic carbon in Hole 653B.

Sample Depth  CaCO3 " Cypy %o
1-2, 119-120 2.69 35.87 0.48
1-4, 39-46 4.9 23.48 112
2-2, 119-120 8.79 35.87
2-5, 140-150 13.50 65.20 0.13
3-4, 143-149 22.03 53.81 0.17
4-3, 142-149 31.52 20.97 0.26
5-5, 142-148 44.02 49.34 0.61
6-4, 140-148 51.90 59.01 0.00
6-5, 58-66 52.58 58.73 0.57
7-1, 70-71 56.10 38.92 0.21
7-1, 71-72 56.11 41.48 0.34
7-1, 12-73 56.12 39.18 1.57
7-1, 73-74 56.13 33.89 0.70
7-1, 75-76 56.15 32.01 2.67
7-1, 76-717 56.16 37.20 0.55
7-1, 78-79 56.18 40.18 1.26
7-2, 62-64 57.12 45.49 0.06
7-2, 71-73 57.21 42.84 2.30
7-2, 81-83 57.31 38.46 0.02
7-3, 143-149 59.43 46.77 0.57
7-4, 22-24 60.12 3313 0.00
7-4, 29-31 60.19 24.05 4.20
7-4, 36-38 60.26 43.97 0.19
7-5, 54-56 61.94 12.41 0.10
7-5, 63-65 62.03 38.52 2.62
7-5, 67-69 62.07 42.16 0.19
7-5, 140-150 62.80 36.28 0.25
7-6, 112-113 64.02 40.31 0.15
7-6, 113-114 64.03 40.32 0.74
7-6, 115-116 64.05 35.12
7-6, 117-118 64.07 39.84 0.01
7-6, 118-119 64.08 38.81
7-7, 32-34 64.72 48.66 0.07
7-7, 36-38 64.76 4.1
7-7, 40-42 64.80 44.06 0.42
81, 1-3 64.91 29.24 0.53
8-1, 4-6 64.94 44.26 2.70
8-1, 8-10 64.98 37.28 3.39
8-1, 13-15 65.03 51.68 0.25
8-2, 50-56 66.90 38.40 0.65
9-2, 120-126 77.10 55.14 0.69
9-5, 119-121 81.59 37.81 0.28
9-5, 138-141 81.78 28.30 0.02
9-6, 4-7 81.94 25.58 1.73
123, 142-148  107.02 67.27 0.00
13-4, 142-149  118.02 60.12
14-2, 104-110 124,12 54.30
15-1, 54-55 131.54 57.94
15-1, 115-116  132.15 53.23
15-2, 54-55 133.04 63.09
15-2, 115-116  133.64 68.61
15-3, 54-55 134.54 66.62
15-3, 115-116  135.15 58.44
15-4, 54-55 136.04 65.71
15-4, 115-116  136.65 64.60
15-5, 54-55 137.54 69.46
15-5, 115-116  138.15 65.54
15-6, 54-55 139.04 62.79
15-6, 115-116  139.65 57.12
16-3, 140-148  144.90 57.06 0.03
17-3, 140-148  154.40 57.74 0.15
18-4, 142-150  165.52 60.99 0.29
19-4, 115-121  174.15 59.20
20-3, 141-148  182.41 56.24
21-3, 141-148  191.41 68.43
22-3, 80-86 201.00 56.05
23-1, 54-55 207.24 50.30
23-1, 115-116  207.85 65.26
23-2, 54-55 208.74 61.57
23-2, 115-116  209.35 48.86
23-3, 54-55 210.24 50.08
23-3, 80-86 210.50 46.76
23-3, 115-116  210.85 41.93
23-4, 54-55 211.74 54.66
23-4, 115-116 212,35 59.07
23-5, 54-55 213.24 60.38
24-1, 69-T1 216.79 10.74
26-2, 44-46 218.04 22.31
27-3, 84-87 248.74 24.13
27-5, 12-15 251.02 8.08
28-1, 56-59 255.16 13.17
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Figure 21. Weight % organic carbon vs. depth, Hole 653B.

Two interpretations may be offered for the observation of fo-
raminiferal assemblages characterized by small species of uni-
form size: first, the assemblage may be a dwarfed fauna, indica-
tive of restricted marine conditions. Alternatively, these individ-
uals may be reworked from marine lower Messinian sediments
and size-sorted during transport into a nonmarine environment.

Lithologic Evidence

The lithologic section which coincides with the paleontologi-
cally identified Miocene/Pliocene boundary consists, from top
to bottom, of reddish and yellowish brown marls and oozes, in
abrupt contact with approximately 70 cm of gray clays. The
clays in turn lie in abrupt contact with a 70-90-m thick layer of
dark gray biotite- and gypsum-bearing sand. The reddish and
yellowish brown color of the marls and oozes over the contact is
attributed to input of fine sediment which had been weathered
subaerially during the Messinian and then eroded and trans-
ported to the site during the post-Messinian transgression.

The Messinian sediments recovered at Site 653 record restricted
marine to evaporitic and subaerial environments. The litholo-
gies are very similar in the two holes, but an exact correlation
cannot be made. Two alternative schemes have been proposed
for correlating these lithologies (see “Lithostratigraphy” section,
this chapter). Shore-based studies, particularly paleontological,
may distinguish between these options or provide yet a third op-
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Figure 22. Location of Site 653 with previously measured heat flow values in mW/m?,

tion. In any case, the variation in lithologies between two holes
so close together suggests that the uppermost Messinian had
rapid lateral facies changes in this area. This is not at all surpris-
ing, given the position of the site on the edge of a basement
ridge, and the small-scale lateral environmental variability in
some modern evaporitic settings.

Hypothetical Sequence of Events

The sequence of lithologies recovered in the upper Miocene
through the Miocene/Pliocene boundary can be explained by a
gradual stepwise increase in water depth through time. We em-
phasize that this scenario is to be considered a tentative working
hypothesis. In particular, paleontological environmental indica-
tors have not yet been fully exploited. Furthermore, this sce-
nario is based predominantly on the lithostratigraphy of Hole
653B; the lateral variability among Holes 653A, 653B, and DSDP
132 has not been fully accounted for.

1. The brilliant red-yellow muds and silts, in which iron ox-
ides (hematite, goethite, and/or limonite), and sulfur have been
tentatively identified, are presumed to be a by-product of chem-
ical weathering. Iron in the reduced state could have been trans-
ported by acidic ground water which subsequently emerged and
deposited iron oxides in situ at Site 653. Modern analogies for
this facies can be found in Australia in the supratidal to conti-
nental range of restricted hypersaline embayments along the semi-
arid northeast shore of Spencer Gulf (Ferguson et al., 1983), as
well as in continental saline lacustrine environments, e.g., Lake
Tyrrell, Victoria (Teller et al., 1982). In these semiarid to arid
climatic regions, acidic ground water, passing through red-bed
aquifer systems, leaches and transports high concentrations of
reduced iron. This iron is deposited as red, yellow, and purple
iron oxides (goethite, hematite) and black unstable iron sulfides
when the ground waters emerge as springs along the shoreline.
These Australian spring deposits occur at the boundary between
contrasting salinity layers (more saline seawater or lake water
and less saline ground water); thus their presence at Hole 653B
suggests, by analogy, subaerial discharge of springs with subse-
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quent precipitation of iron-rich lenses adjacent to a saline body
of water.

2. The postulated presence of stromatolites interbedded with
red muds is the first indication for transgressive conditions. Blue-
green algae (or cyanobacteria) producing the stromatolitic lami-
nations require both light and moisture to maintain growth. Al-
though algal mats can flourish on the marginal edges of hyper-
saline environments, they can also grow at depths within the
photic zone down to 50 m (Schreiber, 1982). The base of the
photic zone is of course dependent upon local conditions.

3. The dark gray dolomitic muds with interbedded layers of
small, lenticular gypsum crystals and black shales are an associ-
ation characteristic of an intertidal facies (Shearman, 1982). The
black shales could be remnants of algal mats. In modern interti-
dal zones, small lenticular gypsum crystals are found scattered
within the algal mats and the underlying sediments. They are
observed to be growing within the near-surface sediment, rather
than precipitating directly from a standing body of water. Fre-
quently, the gypsum crystals are abundant enough to form a
gypsum mush (Shearman, 1982; McKenzie et al., 1980). Again
by analogy to modern environments, the dolomitic mud could
represent an early diagenetic alteration product of a former ara-
gonitic marine mud; such aragonitic mud is observed forming
today in semi-restricted lagoonal environments where salinities
reach aragonite saturation (McKenzie et al., 1980). Early dolo-
mitization of these prograding carbonate sequences in an evapo-
ritic environment begins soon after burial when hypersaline brines
circulate through the sediments. The presence of a marine nan-
nofossil assemblage in these sediments suggests that at the time
of deposition there was restricted communication with an open
marine environment. An impoverished planktonic foraminifer
assemblage, likewise, indicates improving marine conditions up-
section. The site of this flourishing, albeit stressed, planktonic
community may have been the middle of the Cornaglia Basin
(west of Site 653/132), or it could have been farther west, per-
haps in the Balearic Basin.

4, The laminar (balatino-type) gypsum occurs in Hole 653B
but not in Hole 653A. This might result from limited recovery at
Hole 653A; however, the distinctive drilling characteristics of
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Figure 23. Temperature records at Stations (A) HF1 (41.6 mbsf) and (B) HF2 (79.6 mbsf).

the balatino-type gypsum (slow penetration, vibrating drill string)
were not noticed either. The limited lateral extent of the laminar
gypsum suggests that the body of water in which it was depos-
ited was small and thus possibly shallow. The lack of sedimen-
tary structures indicative of current reworking suggests a quiet,
restricted depositional environment.

The facies association described in 2, 3, and 4 above are all
indicative of a shallow, semi-restricted to restricted, marginal-
marine environment.

5. The 70-90-cm-thick sand interval suggests a higher energy
environment. The upsection change from a carbonate/gypsum
depositional environment (chemical sedimentation) to a clastic
depositional environment suggests that a new source of sedi-
ment has been activated. The appearance of clastic sediments
can be explained by a transgression onto the western flank of
the 250-m-high basement ridge whose crest is 20 km east of the
site. As water level rose, the inferred physiographic barrier which
had isolated Site 653 from the open ocean was submerged. With-
out a restricted environment, chemical sedimentation ceased. As
the sea transgressed the basement ridge, erosion was active at

the new shoreline. Sand eroded nearshore was transported
downslope and deposited at the locations of Holes 653A, 653B,
and at Site 132. The presence of biotite in the sand is compati-
ble with a basement source and a short distance of transport.
The gypsum in this sand is also tentatively interpreted as detri-
tal. Since the source of sand lay to the east, the sand unit at Site
132 is only 25 cm thick as opposed to the 70-90 cm of sand ob-
served at Site 653.

6. When the water level had risen significantly above the level
of the crest of the basement ridge, input of sand to Site 653
ceased and marine deposition began. During this interval the
sea continued to transgress across the continental slope. Of the
material eroded at the now-distant shoreline, only the fine-grained
particles (including the distinctively-colored iron oxide particles)
could reach the site by transport in suspension. By this time the
water depth at Site 653 was sufficiently deep that a normal ma-
rine foraminifer community was established. The development
of this classic transgressive sequence in its entirety probably oc-
curred in a relatively short period of geologic time, on the order
of thousands of years, similar to Holocene transgressive events.
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Table 13. Thermal conductivity harmonic means for each core and for temperature mea-
surement intervals, performed at Site 653.

Table 12. Interval temperatures, gradient, thermal conductivity, and heat flow at

Site 653.
Interval
Sub-bottom  temperature  Thermal Thermal
interval difference gradient conductivity Heat flow
(m) °C °C/km W/mk n mWm~2%~! HFU
41.6 5.4 129.8 A 1,092 + 0.05 7 141.7 3.38
B 1.007 = 0.04 23 130.7 3.12
38 38 100.0 A 1.234 = 0.02 4 123.4 2.94
B 1.093 + 0.005 12 109.3 2.61
37.7 3.55 94.2 A 1.283 + 0.08 4 121.0 2.89
B 1.272 + 0.01 19 119.8 2.86
379 2.00 52.8 A 1.360 = 0.1 4 71.8 1.71
B 1.234 17 65.15 1.56
37.7 1.95 51.7 A 1.289 + 0.05 13 66.6 1.59
B 1.328 25 68.65 1.64
75.7 7.35 97.0 A 1.258 122.0 2.91
75.6 3.95 52.3 A 1.325 69.3 1.66

Note: A = from 653A; B = from 653B

Hole 653B Hole 653A
Thermal Thermal
Measurement  conductivity Interval Measurement  conductivity  Interval
Core number (W/mK) mean Core number (W/mK) mean
1 4 0.943 | 2 1.033
2 5 1.018 2 1 1.077
3 5 1.005 n=23 3 1 1.185
4 5 1.020 1.007 4 1 1.079 n=7
5 4 1.041 1 5 1 1.083 1.092
6 7 1.095 6 1 1.191
7 5 1.091 7 1 1.243
8 0 — n=12 8 1 1.250 n=4
9 0 —_ 1.093 2 9 1 1.252 1.234
10 5 1.052 10 1 1.252
11 5 1.273 n=14 11 1 1.264 n=4
12 5 1.274 1.272 12 1 1.287 1.283
13 4 1.268 3 13 1 1.374
14 2 1.295 14 1 1.292
15 5 1.201 =17 15 1 1.510 n=4
16 5 1.273 1.234 16 1 1.293
17 5 1.216 4 17 1 1.347
18 5 1.300 18 1 1.321
19 5 1.296 =25 19 2 1.331 n=13
20 5 1.350 1.328 20 5 1.226 1.289
21 10 1.366 5 21 5 1.278
22 10 1.326 2 4 1.284
23 15 1.260 23 5 1.256
24 5 1.722 24 5 1.178 n=29
25 3 1.365 n=59 25 5 1.353 1.245
26 6 1.298 1.372 26 10 1.153
27 17 1.321
28 3 1.309
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SITE 653 HOLE A CORE 1 H CORED INTERVAL 2817.0-2820.7 mbsl; 0-3.7 mbsf
BIOSTRAT. ZONE/ .
t | FossiL cHaracTeER | , | © gle
=z ol E S| &
il A R HE v |2
wlzl = Yla GRAPHIC a
§ & '3 il, g E 3 N itntas el I § " LITHOLOGIC DESCRIPTION
s 151823 Il lel2| & Zle]y
= bt z - - w (] = o8 W = - a
= |8|3|2|= | z[(E|8] & (8|3
L vl|lz|z]|a ol |S|o = Ala|a
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& T T T o 5/3), light olive-gray (5Y &/2), pale clive (5Y 6/3), and yellowish brown (10Y
2 & o b 512, 10YR 5/4, 10YR 6/4), Some very dark to black diffuse specks; burrowing
= g I R rarely observed. Pteropod shells common and enriched in discrete levels,
% g 2. o | ] —4 IS especially in Section 3, 29-36 cm.
W= - =g et Minor lithology: Mn(?)-fich layer at Section 3, 20 cm, mm-thin and dark bluish
g 3~ - o e o gray (5B 4/1).
oo = —— -
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638



LEG s -
10

1 v

O o I

7 30 =
35 I -

SITE 45- E

g e 1 I

3 e o

70
75
80

85 = 6L
HOLEso® L
95 o fs

A 100 A
105 g
CORE 3o
TH o T
125— B

130 Ty
135 o
140N o

a5 - - -

SITE 653

639



SITE 653

SITE 653 HOLE A CORE 2 H CORED INTERVAL 2820.7-2830.2 mbsl; 3.7-13.2 mbsf
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SITE 653 HOLE A CORE 3 H CORED INTERVAL 2830.2-2839.7 mbsl; 13.2-22.7 mbsf
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1 ] [ | brownish gray (2.5Y 6/2), yellowish brown (2.5Y 6/4, 10YR 5/4), light gray (2.5Y
@ - J 7/2,5Y 7/2), black (5Y 2.5/1), olive (5Y 5/3), light olive-gray (5Y 6/2), pale olive
© L [ | (5Y 6/3, 6/4), pale yellow (5Y 7/3, 7/4), white (5Y 8/1), dark grayish brown
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SITE 653 HOLE A CORE 4 H CORED INTERVAL 2839.7-2849.2 mbsl; 22.7-32.2 mbsf
BIOSTRAT. ZONE/ B .
; FOSSIL CHARACTER | ,, | w 2le
= 2l 2=
= E g % & E GRAPHIC ) E
§ s E % | § § x " virhooey. | o |2 | LITHOLOGIC DESCRIPTION
NEIRIEAE Z2l|el5| & Zla|Y
wlzlz|(2|2 Ulo|E[F| w =1
= zlz|lal= dix|lael g =lal=
S = - i|la|d|8| = ilela
1~— —+ -0 MARLY FORAMINIFER-NANNOFOSSIL OOZE, and intercalated SILTY/SANDY
oty i=t=a] O INTERVALS
hed +— —+ -
2 0.5~ —— —— — Marly foraminifer-nannofossil coze, gray (2.5Y 5/0; 5Y 5/, 6/1; 10YR 5/1),
i A S TAN e — grayish brown (2.5Y 5/2), light brownish gray (2.5Y 6/2), light yellowish brown
1 oy ; 5 (2.5Y 6/4), light gray (2.5Y 7/2; 5Y 7/2; 10YR 7/2), very dark gray (5Y 3/1),
< v olive (5Y 4/3), olive-gray (5Y 5/2), light olive-gray (5% 6/2), grayish green (5G
2 104 . T 5/2), dusky yellow-green (SGY 5/2), (10YR 5/3) brown, (10YR 6/3) pale brown,
° i = (10YR 7/3) very pale brown, and white (10YR 8/2). Some colored laminae of
il SR, centimeter thickness. Burrowing in Section 5. Sections 3 through 7: there are
1+ -+ many disturbed intervals (not determined if caused by drilling or slumping).
o
1 4= —+ | Minar lithology:
5 A S Silty/sandy intervals in Section 1,85 cm, Section 2,50 and 120 cm, Section 3,
o~ ] 38 and 75-105 cm, and Section 4, 130-146 cm; ash layers, gray (10YR 5/1)
- " f I to dark gray (10YR 4/1), generally 1 cm thick and overiain and underlain by
L 4= = = indurated nannofossil ooze (also approximately 1 cm thick).
L] 2 4 4+ —+ |
2. I, + L x| SMEAR SLIDE SUMMARY (%):
L — +
b oy il 2,98 3,89 3,102 5139
o I 1 D M M D
2 + + ]
?E_ 1+ —+ TEXTURE:
4, . 7 A
Sand 3 20 5 a8
by 3 == =Y — | guz 10 20 15 20
— — = la 87 60 80 72
3 ol 3+ —+ 4
x 5 === COMPOSITION:
® 3—v—v— *
® = S — = % | Quarz 2 15 5 5
L o e e 1 Mica - 2 Tr 3
o . s LN ML Clay 31 31 34 14
wlo ] Volcanic glass 2 6 5 5
Z | f f Calcite/dolomite 1 - 3 3
T ES o e e Accessory minerals 1 3 1 2
S |2le 4+ —+ Opaques - 2 - 2
ol 1 K + - 4+ - Micrite - 10 - 5
@« g = © 4+ —+ Foraminifers 1 1 1 =
- |5|= ° 2 e e Nannofossils 60 30 50 60
W 4 1 — Fish remains Tr - - -
= [+ . Pollen 2 - 1 1
R . & : i i
oy + o =
L] [ ] o — el
S 1+ 5
L V=V
S 4+ —+ |
= += = -
S ~ 1+ —+ i
° —_ —+ - |
ol®ls] 1+ —+~—| M
2 3_—|—+—4—_ N
©
Szl | ==
ol® —=
w et gt i T iy P
iy —— = l
fad e ol
1+ —+
e 4= —+ -
° =
6 4= ==
el s
o b i ey
‘: e el
1= = =
o=
-+ -
e s —
&7 -— —+ -
o ] 1~ —
= ° 1= 4+ -
CC) =
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SITE 653

SITE 653 HOLE A CORE 5 H CORED INTERVAL 2849.2-2858.6 mbsl; 32.2-41.6 mbsf
BIOSTRAT. ZONE/ - .
L | FoSSIL CHARACTER | o, | w 2w
3 g & g|E
e|l®|le x |5
x| 5|z]3 gy GRAPHIC z|5
(%] n|= =z a
S ; @ z, e E E . LI THOLOGY o |2 - LITHOLOGIC DESCRIPTION
S|l e = = w|a| @ Z|l=w
! |le|3 sl -|2]82 3 LB oo
Y3z =3 = wlo ||| @ 4] . |&
Zz a o< = bl w o - =) =
; o b 4 - < I T w w x W <
[ Z|x|a a a o | e = ol |n
:'l_ J__J_' —0 MARLY NANNOFOSSIL OOZE and MARLY FORAMINIFER-NANNOFOSSIL
14+ L { 00ZE
| b |
° 0.5 H— Marly nannofossil ooze and marly foraminifer-nannofossil coze, pale yellow (5Y
P e 7/3), light gray (5Y 7/2), olive (5Y 5/3), light gray (5Y 7/1), pale olive (5Y 6/3),
1 J U | light yellowish brown (2.5Y 6/4), very dark gray (5Y 3/1) laminae, gray (5Y 5/1),
-4 _ light clive-gray (5Y 6/2), olive-gray (5Y 5/2), light gray (2.5Y 7/2), gray (2.5Y
101 L 1 5/0, 5 6/1), black (5Y 2.5/1) laminae, pale brown (10YR 6/3), light brownish
1 7 1 gray (10YR 6/2), olive-yellow (5Y 6/8), gray (2.5Y 6/0, 10YR 6/1), dark gray
T = (5Y 4/1), and olive (Y 5/4). Within Section 1 there are three color cycles passing
1+ L upward from pale olive (5Y 6/3) to light gray (5Y 7/1), possibly indicating an
— upward decrease of noncarbonatic material. Interbedded with very fine silty
iz (B [ B layers (ash-rich?). Section 1: burrows are filled with foraminiferal tests and large
e (ESERLEE [ mica flakes, Otoliths in Section 6. Laminae as indicated.
3 - '
: s o ‘ Minor lithologies:
o = . T | ] a) Pumice fragment (1% 2 cm) in Section 1, 42 cm
f~ 3= b) Siltylayers (ash?), gray (2.5Y 5/0) and olive-gray (5Y 5/2) to pale olive (5Y
2 B = — il * E."S] 1 to 15 em thick.
- A4 |- ¢) S lic layers (sapropels) in Section 3, 0-8 cm, and Section 4,
L +— -4 - 68-80 cm, olive (5Y 4/3), and Section 6, 52-62 cm, dark gray (SY 4/1).
g (= d) Mn-rich(?) layers in Section 5, 9 and 33 cm,
= i SR USRS e) Calcareous mud in Section 6, 62 cm, to base of CC.
u S el *
h=d < T
o —t - SMEAR SLIDE SUMMARY (%):
= e s el
) - ® A Mo de o 1,35 2,90 2,145 3,115 6,59
T - 3 i [ =Sy = N M M M D M
3
° e .
§ . | TEXTURE:
5] Er =g s R Sand 15 20 10 15 12
k] 1=+ L a *| sit 20 20 20 10 20
mn 6 e Clay 65 60 70 75 68
bl Jk = COMPOSITION:
5 2 R [P U
2 [Sle 113 Qe LR
- 4 .1 17 Feldspar T - r - -
AEE < o =k |l Mica 2 3 3 2 1
el i 4| e Clay a7 35 46 14 40
e * Volcanic glass 4 - 1 = 1
o i E= — Calcite/dolomite 1 1 2 2 8
2 — 1 1. Accessory minerals 3 3 2 1 1
® 1T L. ] Pyrite - Tr 1 i i
- iz (il | Opagues - - Tr 1 2
2 ] I Micrite 0 - 5 - -
(=3 ias | | = Foraminifers 2 18 2 15 10
Q . Mannofossils 30 25 30 60 25
2 < e i Diatoms - - - Tr 1
© be: T==T1= Radiolarians Tr 2 Tr 1 2
™ <. S+ 9 | | ules 1 1 Tr 2 1
5 oSeadis | ogis — Silicoflagellates - - — - Tr
w0 T . ] Fish remains Tr Tr 1 - Tr
2 b } Pollens 2 - - 1 -
i —.——I——‘_‘—L_ o
o ] 0G
- —|
s ; 1 |3
- ] -+
oo = @
- w N
ile *
|8l E===7 |6
o -7 J
S ° = ! 6
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SITE 653

SITE 653 HOLE A CORE 6 H CORED INTERVAL 2858 .6-2868.0 mbsl; 41.6-51.0 mbsf
BIOSTRAT . ZONE/ .
E | FossiL cHaRacTER | & 2|
g ol = ER R
alala B |5 % |2
88532 e GRAPHIC | 5 [ 8 LITHOLOGIC DESCRIPTION
2 lz]|8| = glez|= LITHOLOGY | o | B | w
HEEFHERE REEHE AR R
G 12ls|2|3 3| .|2|e]| = ol BCH B
|z 2| r Wwle|z|R| w =3 B
2|zl =la|= I|z|2|8| & |8 %
Flu|lz|lxz]|a c|la|o|le| = le|a
‘ MARLY NANNOFOSSIL OOZE and MARLY FORAMINIFER-NANNOFOSSIL
00ZE
w0
: Marly nannofossil coze and marly fc fossil ooze, light olive-gray
* (5Y 6/2), light gray (5Y 7/2), olive-gray (5Y 4/2, 5/2), pale olive (5Y 6/3),
1 olive-gray (5Y 7/1), gray (5 5/1), and white (5Y 81, 10GY 5/2). There are
small burrows throughout. Scattered bictite crystals at Section 3, 105 and
= * 112 em. Coring disturbances p y pi d in Sections 5 and 6,
® probably caused by slumping (see corresponding stratigraphic interval in
* 107-653B-6H, Sections 2 and 3).
— Minor lithologies:
1+ — a) Calcareous mud in Section 1, 0~150 cm.
1. ; | b) volcanic ash-bearing r tossil ooze or calcareous mud in Section 1,68
=+ = and 126 cm, and Section 2, 108 cm, generally broken, 1 cm-thick lithified
o 4+ =+ s
L] = + - ' ’
% 2 b kT SMEAR SLIDE SUMMARY (%):
o -
il — 4= = * 1,68 1,80 1,126 2,108 2,109 3,107
>le T ' = * M D M M M M
© i Ji== ==
@ D - +— - TEXTURE:
b —f= =
o - 2 IR Sand 20 2 10 10 5
=§ :: P T L —_— Siit 5 2 - 5 — 5
== : . : | Clay 75 96 80 a5 80 80
1] ' e — =
S = 3] 4+ —+ COMPOSITION:
w s L4 T= == -~
= |2 ]+ —+ Quartz 1 1 5 1 3 1
w = e e Feldspar 5 1 — 1 - 1
QO |D|® ™ 41 = * Mica - - - - 2 5
o |G|~ x L B Volcanic glass 22 2 20 79 20 5
Elel= 2 I ; Calcite/dolomite 2 2 1 - 2 a
CE - = ™ Accessory minerals - 2 - =y = —
=3 =i
w | T =ws 1] c— 5 = 2 — 3 -
|+ A0 =u =} 1 - - - - -
GRS © 1272 5343 =1 Micrite 23 25 23 10 10 35
= = 4= ="“lot Spheroids - - = = = 5
[ ® . 412w A 4 Foraminifers 10 5 10 5 10 10
S T ey Nannafossils 3 60 40 2 s 30
i I \\’ =174 | Sponge spicules - 2 1 2 - 1
a i Rl B I — Silicoflagellates 5 Tr ok o - 5
D ° u . P R % oy
[T} Js- L
[ i e
Ll o
Ia] L= 4
5 1= 1
™ ] L=
5 3 | S
=] 4L
Jel 1
g = () R SR
@ 2 i [ L 1)
1.1 - (b
o T
a ==
Ao o i L O [
1"4=l,
@ 1= -
~ : — 'r\\ @ I
b D B
-~ ?; o N o |
< o™ B e e ]
° 1= L

648



SITE 653

649



SITE 653

650

SITE 653 HOLE A CORE 7 H CORED INTERVAL 2868.0-2877.5 mbsl: 51.0-60.5 mbsf
BIOSTRAT. ZONE/ .
£ | FossIL CHARACTER | @ 2o
8 Tale S|E 2l
AHERE 5[5, cuseric |5 (5 LITHOLOGIC DESCRIPTION
€ |2|8|%|a S1El=]- LiTHoLoeY | g [ E [ o
R 2| . |l2|8) & AR
= |Z|2|5|% 4121815 ¥ Jlals
2|28 lz|5|8| % AR
1o MARLY NANNOFOSSIL OOZE and MARLY FORAMINIFER-NANNOFOSSIL
s _cﬂﬂmﬂ=ﬂaﬂ 0Q0ZE
- =y ; )
™ 0.5 R e Marly nannofossil coze and marly foraminifer-nannofossil ooze, light gray (5Y
g v 1 % 7/2), pale yellow (10YR 6/4, 5Y 7/3), pale yellow (10YR 6/6, 5Y 7/4), pale olive
1 A = =] (5Y 6/3, 8/1;2.5YR 6/3), dark gray (2.5YRA 8/2, 5Y 4/1), olive (5Y 5/3), olive-gray
o G SRS TS — (2.5Y 7/2, 5Y 5/2), dark olive-gray (2.5Y 6/1, 8/2; 5Y 3/2, 7/1); minor burrowing;
o118 1.0] scattered black specks (hydrotroilite?) in Sections 1, 3, 6, and 7.
Ele -+ —+ |
L I = Minor lithologies:
s a) Volcanic ash in Section 1, 42 and 59-68 cm, Section 2, 70 cm, Section 3,
° 1-10 cm, Section 4, 137-140 cm, and Section 6, 44-47 cm, olive gray (5Y
L 1 L —— _L 5/2). Interval in Section 1, 59-68 cm, normally graded; upper portion
e 1 4+ 4 = disturbed by burrowing or coring disturbances.
o | = 1L —— = b) Volcanic glass-bearing sandy siltin Section 2, 112-112.5 cm, dark gray (5Y
2)e 4/1), contacts are sharp.
L ] e —I— — — s
X1 ? 1 ) Sapropelic layers in Section 5, 4662 cm (sequence of layers of different
=~ |2 }_“*“ thicknesses) and 121126 cm, and Section 6, 3844 and 142-146 cm.
. :— = = Fo——
< — '_"- SMEAR SLIDE SUMMARY (%):
L] i e ] —
1L (= " 1,42 1,62 2,112 580 5,118
o b Tl M M M D M
1
R A B
e 4 TEXTURE:
= .
w 11 Sand 15 15 25 5 2
» 2 - = = Silt 60 60 65 15 10
S 3 { L '_-i- Clay 25 25 10 80 88
o " J= =
X e ] L — COMPOSITION:
- | O = — —
o s e e Quartz 25 12 20 3 2
g * 2q SRS (S Feldspar 6 4 5 1 5
o * % Mica 9 2 6 1 1
Sl [ ¥ ol Clay 7 3 a7 48 34
E < =Y I = Volcanic glass 29 31 9 2 1
o [3|m e b e Calcite 2 2 i = &
o =2 L3 P T+, + - Dolomite ~ 3 2 = 3
-l S ?‘:‘_ e s s Aezc:ossoryrnlnafals 4 4 4 1 =
5} = = I L lites 10 = = e =
o S|z ° 4] I 4 Micrite = = o= 5 2
=l £ a bz ] Foraminifers 1 1 10 6 1
o | Nannofossils 5 4 3 34 34
e 5 4]~ Sponge spicules B = 2 2
= ——— — ilicoflagellates — Tr . - L
i 1= — Amorphous organics - - - - 15
2 ] - Bioclasts 2 3 4
S 1=t =+
S © 1+~ —+ ]
w O
. =3 T o
5 R o o l
- —+ — ‘ *
- Joee ke
% E -+ - [ t
® —5—
2 o ol TR { ‘ *
-I— — —
1+ —+
S s [
[ ] o e = o
6] I —+ - l
0 o B el s
o |® I3 4+ -
ile ]+ = ||
T+ —+ .
2 1+ —+ ]
] S
b 1+ —+ =
'?‘: o i 'y
=7 4+ —+ l ‘
e s ==
?‘ —
2 . 4+ —+
< cd + + o |}
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SITE 653

SITE 653 HOLE A CORE 8 H CORED INTERVAL 2877.5-2887.0 mbsl; 60.5-70.0 mbsf
BIOSTRAT. ZONE/ o o
L | FossiL cHARACTER | , | w 3|
5 el ol HE
g8z : 15| ; e | 2| § LITHOLOGIC DESCRIPTION
g |z|3]|% Sle|= LITHOLOGY [ | 2| o
‘f Z1E215]|8 2| 5|2| = z|=| %8
W E|le|a|a =] sl =] = o ol Bl )
21 Z|=| = wlo|E|F| w =5
= HEIEIE Jdls|l@lof = 2lal=
S I - |86 = 5le|a
E ,_;T t MARLY FORAMINIFER-NANNOFOSSIL OOZE, with intercalations of VOLCANIC
; nz || T ASH and SAPROPEL LAYERS
N - 3,21
® 0.5~ = 1 e 1 | 2] Marly foraminifer-nannofossil coze, light aray (SY 711, 5Y 7/2), gray (5Y 6/1),
F— L light olive-gray (5Y 6/2), olive-gray (5Y 8/1,5Y 4/2), pale olive (5Y 4/4, 5Y 6/3),
1 4 == = == yellow (10YR 8/6), and olive (2.5Y 5/6, 6/2, 7/2, 7/3). Texturally homogeneous,
& 1— + o l except for moderate burrowing throughout, and as noted below.
© 1.0 N -
] 1 ; N Minor lithologies:
- a} Volcanic ash-bearing layers in Section 1, 15-68 and 98-104 cm.
- t == b) Indurated volcanic ash in Section 1, 68-71 cm, colors same as overlying
=t sediment. Contacts unclear and broken.
1+ - ¢) Volcaniclastic ash-bearing mudstone, (5Y 5/1); occurs in core as several
_— 4 - r lithified pieces; contacts and continuity of layer not clear, Section 5,
=4 4+ —+ _! 68-74cm.
™ e g d) Sapropelic layers in Section 1, 71-75 cm, Section 2, 94-96 and 149 cm,
2 ] : ; Section 3, 2 cm, and Section 6, 96 cm (sharp upper and lower contacts)
o 4] and 101-110 cm (gradational contacts, burrowed in upper portion).
b b ™ i s
E |
T | o IT——58= =
213 I SMEAR SLIDE SUMMARY (%):
p :_+_|_ - 568 5103 6,82 6,96
q M D M M
R-2 B [l il
Z g == = TEXTURE:
~|o 91—+ -+
- 4= —+ - Sand 20 15 60 -
—|® 3 ] -4 Silt 50 20 20 10
L] i Clay 30 65 20 90
o 1=+ -+ ]
@ © J 4+ COMPOSITION:
b ] o i Quartz 23 2 5 1
wle — —+— Feldspar 6 1 2 =
5= 41—+ —+ Mica 8 - 3 =
o |5 o g N . Clay az 38 18 15
gl i e . Volcanic glass 25 - 5 2
o o Dolomite - 2 - -
wm|®l=2 o Accessory minerals 2 - 2 2
ol€l= ) = Foraminifers 1 5 50 2
1% o 4 == Nannofossils 2 50 10 43
o |o> a = A Organic matter - - - 30
= o T .= _ = Intraclasts 1 - 5 -
a L13 -1+ —+ Bioclasts = 2 - 5
S . + +
e R i
0 = == -
= 4=+ —+
wn oAb e
5 3= ==
zle + -+ 4|}
oy by EP EEUEl
[ ] 5 = — L =] #*
- 4+ —+[I}
3 - —+ - *
L ] o ol ———
] 0G
=3
5 el o
1+ —4
P e
L] == ==
6 I
£ I o
o T *
- I=—sF ‘ *
T —+ |
—+ 4
= S
11—+ -
bod N
e T el
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SITE 653 HOLE A CORE 9 H CORED INTERVAL 2887.0-2896.6 mbsl; 70.0-79.6 mbsf
BIOSTRAT. ZONES .
£ | FossiL cHaracTer | ,, | © 2o
% L E E ?.. g
g |8 HE THE GRAPHICG E g LITHOLOGIC DESCRIPTION
2|z|8|%|q ||k - LITHOLOGY o| X | o
T EIE IR gl l2)2| 2 S E
= (z|2|5|% ulgl&ls] & 213z
= = L HE
Lo el2|E|a s|E|5]8 = al|lm|w
—-.— ._..|,_ —
14+ —+ MARLY FORAMINIFER-NANNOFOSSIL OOZE
< L —_
o 0 5_- _+_+ - Marly foraminifer-nannofossil ooze, gray, light gray, and light olive-gray (5 3/1,
L] -~ = 4/2,52,6/1,6/2,6/3,7/2,7/3, 8/1, 8/2); light gray (2.5 5/2, 6/1,6/3, 7/2, 7/3),
° 1 4~ —+ and gray (10YR 6/5, 711, 7/3, 7/6). Moderately burrowed throughout. Texturally
o 1 s e and compositionally homogeneous, but with some diffuse dark gray and
o4 e 1 O"-'_ n brownish layers
— 4 —4— —
Lle 4+ 4 4 Minor lithologies:
e 1 4= a) Sapropelic layers in Section 2, 7-88 cm, Section 3, 83-89 cm, and
© i e Section 5, 124-127 cm.
o 4 - ' b) Foraminiter sand in Section 7, 75 cm.
olo E— -+ SMEAR SLIDE SUMMARY (%):
~|e + + - 2,100 4,100 6,102 7,63
I 2 4 == -+ M o M
T+ —+—
= 1 N « | TEXTURE:
[ T T 5 Sand 15 10 - 20
J == = sitt 20 5 15 20
+— = 1 Clay 65 85 85 60
+ =+ - COMPOSITION:
d =" ==
> 1 e Quartz 2 2 1 2
® = ; ' Feldspar - 3 - 1
3 B T Mica 1 2 - -
] = Clay 25 34 3 a3
il . 4 T Volcanicglass 3 1 1 2
- |0 s e o SR Dolomite - - 1 -
bl Lle 1+ —+ Accessory minerals 2 1 1 -
o - 4+ 4 Zeolites 5 = = —
S 2 4 4+ —+ Foraminifers 15 10 12 15
w o & = o= Nannofossils 45 45 48 45
o ] Intraclasts 2 2 = =
Z % 4=+ —+ .
w | -= =} n Bioclasts - - 5 2
(&) i Q@ N =+ =
o |8~ =13 Jd -+ —+
= = 4 T = —
< ME-AE ) 1+ —+
w E _ 1 4+
als in -1+ -+ *
n L] = =+
3 4+ —+
-9. 1 — -
Q 1+ —+
T + =
0 J =+ = |
- - -+
5 =f =, ==
= + - |
-~ I, —= |
w N _'_. — | _‘_
. N e
= == = |
—+ —+
- _'_. —
% I+ =]}
53 + +
° e s |
6] 1 —+— - t
a 4 -+ —+
bl o T i |
1|3 b, ] *
2 1+ —+
< -+ -
° 1+ -+ |||}
N I+ + -
18|17 4+ —+||
e + + |4
e : . *
e F == -
S ce|l 3+ —+| |}
- + f—
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SITE 653

SITE 653 HOLE A CORE 10 H CORED INTERVAL 2896.6-2906.0 mbsl; 79.6-89.0 mbsf
BIOSTRAT. ZONE/ .
= | FossiL characTeR | o | B 3l e
ES alo|an E E 2 §
w 2N D22 w & e E
(=] o | = = GRAPHIC ol e
2 LEL @ g, e E E . LITHOLOEY 5 ?_ & LITHOLOGIC DESCRIPTION
E IR 2l .lel|e| & =]y
Yl=lz|2|E wlw|E|F| W 4| | &
= x|l Z|a|a =W e E =|la|=
FlE22|E|a slE|5|&| = S|lald
D T —— = ‘ MARLY FORAMINIFER-NANNOFOSSIL ODZE
— J = ==
= S +— 4= - Marly foraminifer-nannofossil ooze, light gray (2.5Y 7/2, 5Y 7/2), light olive-gray
= P 0.5 +— — (2.5Y 5/2, 6/2, 6/3, 8/2; 5Y 6/2), white (5Y 8/2), (5Y 6/2) light olive-gray, and
— 3 -+ ﬁ yellow (10YR 6/8, 7/6). Moderate burrowing throughout, Texturally and
» 1 u A o positionally homog except as noted below; color changes do nat
i _|__ reflect major changes in either category. Lower portion of Section 6, 65-100 c¢m,
oo 1.0 ] is lly graded with respect to distribution of forami tests; basal portion
21 -+ —+ i i
; e ] ey contains framboids.
L2 © Z|_—|— —+ Minor lithologies:
© bd — - a) Volcanic ash in Section 2, 93-95 em (indurated pieces interbedded in a
[~y E=3 41— — sapropel layer), and Section 5, 6 cm, with sharp upper and lower contacts.
- & z IR b) Sapropels in Section 2, 87-97 cm (intercalation of an ash layer at
w s o | o i 93-95 cm), Section 4, 84-86 cm, and Section 5, 8-10 cm.
Z|e i = e o ol
g 'g ~® 2 S SMEAR SLIDE SUMMARY (%):
o 5 ' A b
= © . b ook o= 2,72 2,95 4,100 58
g g 3 o it adl B 05 £ D D M
J1s J=t= = TEXTURE:
a - 4
2 T (4 | sene - 15— 10
Q R Sitt 20 1
=] - - 50 5 60
S 3 —+ Clay 80 35 30
o R R | COMPOSITION:
®l5 4 == -+
+— 4 - I gu:r‘lz 2 18 2 4
= aldspar 1 5 1 3
el | o] | 4 3 4 2
[ o] - ay
— =] q | Volcanicglass 1 31 1 45
b L = t I Calcite - 4 - 3
= 1+ —+ |10 Accessary minerals 1 3 1 -
I © = —+ — Zeolites - 7 - 20
= 0 4 4+ —+ Foraminifers 15 2 10 1
S|, TR Nannofossils 55 20 40 3
& : Pl O IR Bioclasts - ] = =
L B2l 71 I e il
i | ol
< -4 =+ —+ *
L 4 —+ - "'I-
91—+ -+
= 1 -
w __#3!\1"#:— *
z T+ —+ -
2 : 4 4+ 4
O |©o L] =]
S = i 5 1+ —+
oo © e El el
= pasg] P Hurbr =k
: | o
< 4+ -+
3 5 T + -
" + + -
= -+ -+
_._‘ - o =k
~lele] 3+ —+
° | = =
4 4 :
1 —+
2 4+ —+
(&) CC - — — !
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SITE 653

SITE 653 HOLE A CORE 11 H CORED INTERVAL 2906.0-2915.2 mbsl; 89.0-98.2 mbsf

BIOSTRAT. ZONE/ Ty
t FOSSIL CHARACTER 3 @ | e
z 8| E Slu
w |Bl2|2 A o |2
§ g g z g|lg|z ey 1212 " LITHOLOGIC DESCRIPTION
i EIEI = E 2 (*a|3]| Ea A
elala o =] = @ =5 -
2 (2(2]3]|8 41126 B 2lals
F|2|2|2|a =|Zz|(5|8| 8 sla|a
:1— =k = l MARLY FORAMINIFER-NANNOFOSSIL OOZE
s ;— == b Marly foraminifer-nannofossil ooze, light gray (2.5Y 7/2, 5Y 7/1), pale yellow
™ 0 5":] -+ - (2.5Y 7/3), white (2.5Y 8/2), light brownish gray (2.5Y 6/2), pale olive (5 6/3),
= SRS light olive-gray (5Y 6/2), olive (5Y 5/3), and (2.5Y &/3, 71, 7/4, 7/6, 8/1).
1 g g Moderate burrowing throughout. Pteropod and black specks (hydrotroilite?)
Sla o e & scattered throughout. Variable clay content causes two major lithologies;
© [ 1.0 * otherwise core is lly and mineralogically homogeneous. Some
g_ ] i ' i normal-grading of foraminiferal tests over short intervals is suggested.
- 1+ SMEAR SLIDE SUMMARY (%):
) —)t -
: 14+ -+ [} 1,100 4,100 6,40 7.8
- 4+ 4 D D D M
L3 - ;
© i3 e TEXTURE:
~ 2 |2 I+ —+ b Sand _ s s
S I = Sit 10 15 10 10
= -4 - = 4 Clay 90 80 85
- ...'_. -
¢ 1+ —+ COMPOSITION:
}+ 44— 4
e mifeie S‘Uﬂﬂl 2 3 4 2
4. A ica 1 - - 1
. ] Clay 46 - - 46
“ b e i o Volcanic glass - a - -
o =8 i Calcite 2 1 2 2
b 3 4 -+ —+ Dolomite - 1 2 -
© +— 4 - Accessory minerals 1 = = =
o p [P iteras J Foraminifers 2 10 15 2
- = | e ) Nannofossils 45 80 75 45
e 4 — ; Diatoms - 1 1 -
w 1 Sponge spicules - 1 1 —
= o T, = ] Bloclasts 1 = = 2
wl ol @ 1+ —+
= E=3 = e
o o -1
= & 4+ —+ |
= Q| B 1 - b
o | I i '
1] = ‘?:' o 4 T —+ —
- g 1+ —+
= + +
@ -1+ —+ b %
L] e
i ;
T+ —+ -
1+ —+
e My i
o 1+ —+
b 4+ 4
© s| 4+ —+ ||
- s Rl
2 & : |
L) z — = |
e o]
= A
1+ —+
o T, 7 7 |8«
Sle -0+ —+
© 6 = 4+ S
3 41—+ —+ {
g T+
= 1+ —+
zl® g s =] t
- 1=+ —+ | b
© = = *
2 1+ —+
= - 1 I et ||
S = = —+ -+
° o + —+— -
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SITE 653

SITE 653 HOLE A CORE 12 H CORED INTERVAL 2915.2-2924.7 mbsl; 98.2-107.7 mbsf
BIOSTRAT. ZONE/ i
t | FossiL cHaracTer | , | £ ol w
S Iel=le el 2|
- i
g |8 K 215, GRARHIC 3 g LITHOLOGIC DESCRIPTION
2 2(8]|%|aw HEA I LiTHOLOGY | ¢ [ E | o
RHHEEHBEREEE 31|32
= |z|2|a|% Jl=zlE|le| 5 dlalz
A - s(z|5|8| = Sla|a
= =
*i; - i e % t FORAMINIFER-NANNOFOSSIL OOZE
-+ — —
= L] 0_5—-‘ __|_-+“_|_. Foraminifer-nannofossil ooze, grayish brown (2.5Y 5/2), light olive-brown (2.5Y
o :]_ e = i 5/4), light brownish gray (2.5Y 6/2), light yellowish brown (2.5Y 6/4), lightgray
= 1 1] (2.5Y 7/2, 5Y 7/2, 10YR 7/2), yellow (2.5Y 7/6), dark gray (5Y 4/1), olive (5Y
o o | 5/3),gray (5Y 6/1, 10YR5/), lightolive-gray (5Y 6/2), pale olive (5Y 6/3), pale
o T s olive (5Y 6/4), pale yellow (5Y 7/1), dark yellowish brown (10YR 4/4), light
® 4+ —+ brownish gray (10YR 6/2), light yellowish gray (10YR 6/4), brownish yellow
T= =t = (10YR 6/6), and white (5Y 8/2, 10YR 8/1 } Cmorsa@ homulgarlbeous aswellas
14 -+ with patches and specks. Few | intervals. g in deeper parts.
—+ S d foraminifers (Orbul )
I T Minor ithology: foraminifer-rich crystal vitric ash, gray (5Y /1), with mica flakes
@ ] LIS and pyrite, Section 5, 26-30 cm.
n
° i _—+++— ‘ SMEAR SLIDE SUMMARY (%):
b 4,54 4,115 529
5 4+ 4+ | = M D M
+ +— 4 =
° = :
1+~ —+ TEXTURE:
) B f = Sand 10 8 60
= = | Silt 5 7 30
o i (I o Clay 85 85 10
& 4+ —+
3 F= = COMPOSITION:
L .
” 3 -__+_.,__+_“ || Quartz 4 1 3
B — Feldspar Tr 2 2
= @~ 4+ -+ Rock fragments - - T
w Ile o0 B Mica 1 1 3
(3] L] a1 e o || Clay 15 5 4
O || @ B Volcanic glass Tr 3 55
S5l l= o 1 0G| Galcite/dolomite 2 - 2
o % % - = == |  Accessory minerals
w i 4+ —+ PW:;‘:W) % = i
— i B J=.. =+ Gypsum - - 2
j ile = =, * | Foraminifers 6 8 25
[~ 4 T —‘ Nannofossils 70 79 2
s e o Diatoms Tr 1 -
~ +— —+ Radiolarians - Tr -
e o <= Vs
L] -+ -t -
T+ |4
- —+ -
4 —+= =+ “
— - - — *
o T =
H - + -
s 5 d =+ =4
0 i, “
©| . 41—+ —+
n _4 _|_ —]
e 4+ =+ t
@ I = =
i -+ —+
o T .1
2 1+ =+
2 * 4+ —+— -
i|e -1+ —+
7~ [ K e ST |
1=+ —+|;
5 T+ ]
= 2 4+ =+ |
= = == =
< Y 4+ —+
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SITE 653

SITE 653 HOLE A CORE 13 H CORED INTERVAL 2924.7-2934.3 mbsl; 107.7-117.3 mbsf
BIOSTRAT. ZONE/S i
; FOSSIL CHARACTER | , | & 2| a
2 elsl=] T 15|
5 lu]lE|= 2l s GRAPHIC ale
S |Llalz " |2z viresee 1212 .l LITHOLOGIC DESCRIPTION
TIZ|1E|3|2 =|*&5|38| @ zlE|w
w(|3(g|2|2 8lalz|E| B =B
= |l Z|8| a dl»|w| e = dlal3
= = - |a|s|e] = Slola
+~ -+ -0
1+ —+ 1o FORAMINIFER-NANNOFOSSIL OOZE
° a5 . —+ +H Foraminifer-nannofossil coze, light brownish gray (2.5Y 6/2), light yellowish
L] < brown (2.5Y 6/4, 10YR 6/4), light gray (2.5Y 7/2; 5Y 7N, 7/2), dark gray (5Y
1 F s = 4/1), gray (5Y 5/, 6/1), olive-gray (5Y 5/2), light clive-gray (5Y 6/2), pale olive
5 = = (5Y 6/3, 6/4), pale yellow (5Y 7/3, 7/4), pale brown (10YR 6/3), and brownish
© T =+ - yellow (10YR 6/8); few laminations, d fc ifer shells.
© 1.0 ==
e +— 4+ - l * Minor lithology: ash and foraminifer-rich layers, cm-thin, gray (5Y 5/1).
41+ ++" [ SMEAR SLIDE SUMMARY (%):
q—+ —+ tﬁ, 1,115 3,115
o — -+ - b D D
8 1+ —+
' I 4= - TEXTURE:
2 =4+ =+
I _| Sand 3 15
- : —_ — Sitt 10 10
: 1 ' = Clay 87 75
] ++-+— COMPOSITION:
1+ —+ Quartz 3 3
4+~ —+ - “ Feldspar Tr -
— Mica Tr 1
B j_++ - Clay 19 5
[ ] = T ) Volcanic glass 1 -
° 9 ] Calcite/dolomite 4 4
© = = Accessory minerals 1 1
w g 1+ +—| fi A s LA
5 e le -+ + - Micrite - 10
O Lle 1+ —+ b Foraminifers 2 15
o |w|eo J— == & Nannofossils 70 55
= put b 1+ —+ b Ulatoyns = 1
Jlzl= i e e— s Radiolarians Tr 2
mHE pid [T b Sponge spicules Tr 1
w @ - b Silicoflagellates Tr 1
I yrall N, Fish remains - Tr
= =I5 J =+ —+ b Plant debris - Tr
- 4 1+~ —+ b
1+ —+ 1
<+ : ity L
© i iy il o —
° + +~ -
41—+ —+
- 4+
4=+ -+
1+ —+
@ 1+ —+
B = T S
o 5| 1+ —+
o T —
Sl 1+ —+ ]
-|w - —+— -
L|e 1+ —+
© T+ =+ -
° -+ —+
E=2 T —+
- 1+ —+
Slw e i
~|e q1+ —+
& 6] I —+ - l
41—+ —+
@ 0O == =
. 4+ —+
o s i
I3 -+ -+
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SITE 653

SITE 653 HOLE A CORE 14 X CORED INTERVAL 2934.3-2943.6 mbsl; 117.3-126.6 mbsf
BIOSTRAT. ZONE/ -
': FOSSIL CHARACTER o 8 E m
E ofEe 2| &
- |8|3)2 E|i a2
o |Wlig|= 213 GRAPHIC ale
S |Llgfz|, g|l2|z orriotoor . |ol 2l LITHOLOGIC DESCRIPTION
= =% x| 515 @ Z)Ew
v [3|2l8]|8| |&|s|3|2E] & 31|z
= |z alk 2|lzlE|e| 5 =lel=
F|&|Z|2]|a s|lxz|5| 8| % sla|a
B [
_ T i FORAMINIFER-NANNOFOSSIL O0ZE
= o 5;’_ ++ +_ Foraminifer-nannofossil coze, light olive-brown (2.5Y 5/4)(in diffuse bands),
b = light browniish gray (2.5Y 6/2), light gray (2.5Y 7/2;5Y 7/1, 7/2), gray (5Y 51,
P4 1 e 6/1; 10YR 5/1, 6/1), light olive-gray (5Y 6/2), pale olive (5Y 6/4), pale yellow
© 1+ -+ (5Y 7/3), greenish gray (10Y 7/2, SGY 6/1), light yellowish brown (10YR 6/),
; - 104 -+ = brownish yellow (10YR 6/8), and very pale brown (10YR 7/3). In Section 6
pe Rl B i o * many color cycles, ranging from light gray (5Y 7/2) atthe base to gray (5 5/1)
w0 +— —+ — on the top.
= [ s Minor lithology: few mm-thin layers rich in foraminifers (foraminifer-nannofossil
= b4 4 sand); gray (10YR 6/1).
2| o= b l SMEAR SLIDE SUMMARY (%):
i 41—+ —+
~|e -+ + - 1,115 4,115 554 6,138
° 2 {4+ =+ D M D M
= -+ - ]
r“- 4+ = TEXTURE:
° 1 i il Sand 15 25 15 20
|| 4+ —+ sit 10 20 10 20
= e o Clay 75 55 75 60
11—+  —+
= + - ‘ COMPOSITION:
- 4 == =
© 1+ —4— - Quartz 5 2 2 3
® - S Feldspar - — Tr —
3 4= e Mica 1 Tr 1 Tr
© . Clay 10 20 19 16
= 4+ —+ - Volcanicglass 1 2 2 it
2le —+ + 4 Calcite/dolomite 2 4 5 3
";‘Z‘I & i ey ol o — Accessory minerals 2 2 2 2
tw - - 4 4 t Opaques 1 2 1 1
(8] © 4 —4— 4 Gypsum(?) - - 1 =
O |in & L . Micrite 10 2 5 5
= P 1~ Foraminifers 3 15 5 15
T & R . i Nannofossils 60 40 50 50
= - F — Diatoms 1 2 2 1
w - o I i o Radiolarians 2 3 2 3
(= % 4 T —+— - 4 Sponge spicules 1 Tr 1 1
< J== 4= — Silicoflagellates 1 Tr 1 1
-~ ° 7 SIS EC Fish remains Tr Tr - -
© -4 =+ —+
[ ] - —+ - *
w 4+ —+
= T+ -+ -
= 4=+ —+
- =+ -
e J—= ==
o -+ + - *
5/ 11—+ —+
— —+ -
+ ol (e el
i T~ == =
. 4 == —+
= —+ -
e
+— —+ -
n ]+ —+
0 -— -+ -
° = 4= —+=
6 21— -+ =
4+ —+
¥ = = -
= ] = —+
T+~ -+ -
—t == b #*
—+ -
1=+ —+
-w.. 7 1 4+ -
= cCl 3 —+ —+
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SITE 653

SITE 653 HOLE A CORE 15X CORED INTERVAL 2943 .6-2953.1 mbsl; 126.6-136.1 mbsf
BIOSTRAT. ZONE/ ;
£ | FossiL cHaracTER | , | & 2le
5 [el=Te 2lE 2|
g | AE E gl GRAFHIC 5 S LITHOLOGIC DESCRIPTION
2 |1z|8|%|e glele]|. LITHOLOGY [ e | & [ o
) slel 2|2 = wls| @ Zla|w
w|3|2|2|2 SlelzlE] & a1 &
E |z|Z|a|% dl>Jw]loe]| = HE
212|188 s|E|5l8| % g(¥la
VOID
& 1+ —+ FORAMINIFER-NANNOFOSSIL OOZE
73 (VO ey { Foraminifer-nannofossil coze, gray (5Y 5/1) (laminae), gray (5Y 6/1), pale olive
e G- e l (5Y 6/3), light gray (5Y 7/1, 7/2), pale yellow (5Y 7/3), light yellowish brown
® 1 "] (10YR 6/4) (laminae), and brownish yellow (10YR 6/6). There are some lighter
2 b e ordarker streaks and laminae.
elel hogd 1 I
N 1+ —+ % | SMEAR SLIDE SUMMARY (%):
w =|e 4 ; _
E i 14— — % 1,115 1,142
8 - . —_ D M
= o3 2 q = ¥ ‘ TEXTURE:
= = <o s B (| ==
= = 0 I A= == B Sand 15 15
w . = —+= - 0 Silt 15 10
b= L] 2 4 -4+ - Clay 70 75
< @ = 4+ - (‘_)
- o |m iy QP S (| COMPOSITION:
q + 4+ -
=|e 4 Quartz b 3
~ -|_ t l Feldspar Tr -
o 4= == = Mica 1 Tr
= 1 == = Clay 14 18
o 5] 3= == o Volcanic glass 2 2
@ A= = Calcite/dolomite 5 1
bt Y o ST = Accessory minerals 1 Tr
- - o+ [ Gy 1 sy
Micrite 5 -
Foraminifers 12 10
Nannofossils 50 60
Diatoms Tr 1
Radiolarians 3 3
Sponge spicules 1 1
Silicoflagellates Tr 1
ish remains - Tr
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SITE 653 HOLE A CORE 16 X CORED INTERVAL 2953.1-2962.6 mbsl; 136.1-145.6 mbsf
BIOSTRAT. ZONE/ % .
£ | FosSSIL CHARACTER | , | w A
= o | = =N
- | 8|32 ElE B2
o w| m|= 13 GRAPHIC al|le
g |s|g|z], glg|z Lithotoed | o) Bl m LITHOLOGIC DESGRIPTION
) 2|32 F N B - -
MHHEHHBEHAHEE: SIME
= e|lzZ|lalk dl=l|o]| = 2lal=
= = w
SHEHHHEHHEEE g|8|a
4= g
1=+ —+ FORAMINIFER-NANNOFOSSIL OOZE
L] - —
w o 0 5_- —+ Foraminifer-nannofossil coze, lightgray (5Y 7/1, 7/2; 10YR 7/2), gray (5Y 5/1,
=3 ® = 4 f 6/1), light olive-gray (SY 6/2), gray (2.5Y 5/0) (laminae), light yellowish brown
s L] 1 e (10YR 6/4), and dark gray (5Y 4/1). Section 4, 10, 40, and 123-130 cm, and
= * ] — = Section 5,83-84, 96-104, and 114 cm: diffuse bands of olive-yellow (5Y 6/8).
Slwe i Enrichments of foraminifers in discrete intervals.
-lel "] 4+~ —+ *
41 4 = ‘ SMEAR SLIDE SUMMARY (%):
- ] ++_ 1,115 4,53
B D M
s 1+ -+
~lo T, . T TEXTURE:
~lw ]+ -+
e - —+ Sand 3 15
- 2 4+ —+ Silt 2 8
T —+ - Clay 85 77
w
i ___+ _|_+__ — COMPOSITION:
€ 1=+ —+| [
- Quartz 2 2
— —+ - Mica Tr -
g = =k Clay 13 26
=t — Volcanic glass 2 -
4 4= 4 Calcite/dolomite 3 5
° gy —— Accessory minerals Tr Tr
° s [ IS Micrite 5 10
w ° 3 3o g Foraminifers 3 12
- - Nannotossils 70 40
ﬁ ol i e Diatoms Tr 2
o 2le 3= == = Radiolarians 2 2
O |+ |in Lle 14— = Sponge spicules Tr 1
=5 ||= - =+ —1 Silicoflagellates = Tr
EI, al= a 4 4= Fish remains - Tr
== i 3 94— -
= e 41—+ —+
- ~ | o T -+ —|
- - : s i o *
= (4] T,
i
- e R
) o e et
® - =+ -
4 =+
= —+= -
-+ —+
= = =
o o == ==
® = i B mir I
5 F =
N i
© 1 4+ —+
= = -
° ! : .|
el 0G
= == =
1+ —+
- - 4+
o6 4+ —+
e i
o gl =
= = -+ -
< CcC 4+ —+
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SITE 653 HOLE A CORE 17 X CORED INTERVAL 2962.6-2972.2 mbsl; 145.6-155.2 mbsf
BIOSTRAT. ZONE/ .
£ | FoSSIL CHARACTER | & 2w
g ol o). ?_ 5 a g
A 2le). ahRaPHIE E g LITHOLOGIC DESCRIPTION
21z181%]a 2zl LiTHOLOEY | o | B | w
’ sleldl= = nlo| @ Zla|w
w Elo|la|lo o o | = | = @ o -t
Z|z|2|5|% Y1185 # Jlal%
-
"‘: o b - - < T X W w x w <L
[ = < 4 (=] o o o (-] = o “ w
—— _1.__. —
14+ =+ ] FORAMINIFER-NANNOFOSSIL OOZE
o~ . —
@ o 5*]‘ _|___+_+__ ' Foraminifer-nannofossil coze, gray (5Y 51, 6/1), light gray (5Y 7/1, 7/2), pale
ol|® = yellow (5Y 7/3, 7/4), white (5Y 8/1), and light yellowish brown (10YR 6/4);
3 1 i ++ 1 ‘ irregular gray (SY 5/1) streaks and blebs.
Ll hod . .. 18 SMEAR SLIDE SUMMARY (%):
e e e
1| 1+ —+ dy b 1,141 2,114 6,54 6,65
w 1+~ —+ l * M b B M
= 1 +++_ ‘ TEXTURE:
@ | _ 4= _t Sand 30 3 12 20
-~ == == | Sit 20 15 13 20
~|e — 4 = Clay 50 82 75 60
° 2| 4+ —+
+ =+ - | COMPOSITION:
© = —+ ' Quartz 4 1 5 3
° T— #* i b = T
Mica Tr T r
A= == Clay 5 17 14 14
e i Volcanic glass 4 - 2 Tr
s ey Calcite/dolomite 2 3 1 2
4+ 4= - | Accessory minerals 1 1 - 1
= 4 4= —= Gypsum(?) = 1 1 =
© sy I LI | Micrite 14 - 10 10
® i Foraminifers 25 2 5 15
3 s Nannofossils 40 75 60 §ro
w — Diatoms - - - T
= _ 2 [ES i o | Radiolarians 5 s 1 2
] ~ = = Sponge spicules - - 1 1
14 [ 11—+~ —+= I Silicoflagellates — - - Tr
2 T% n e e Bryozoan detritus(?) Te = = o
i ] ] e : : Foraminifer debris - - - 2
o lal= ] \I'U.ID
- | == 4+ —+
o T+ + -
@ 4+ —+
W 4 :}— == i
1+ —+
4 —
¢ h_r—n— -
° I+ -+ A
i+ —+
- + -
4 == —+
:n_ —t —
+ 1+ —+
|
- 5 11—+ -+
2 <y
= | o 1=~ =
Al - = -
. 1+ =+
S T pe A
] W]
L | = =
~ 1+ —+
| £ 7= ot
—~|e i e = *
- . 6] I —+— - *
= 4=+ —+
a w - —+
= © = g [P
-~ L] e =
=T
CCl -+ —+
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SITE 653 HOLE A CORE 18 X CORED INTERVAL 2972.2-2981.1 mbsl; 155.2-164.1 mbsf
= BIOSTRAT. ZONE/ - -
Z FOSSIL CHARACTER 3 o g g
% |2 212 5 : GRAPHIC z2lg
wl &l a -3 R Al al|e
§ & § HR ‘g glE|. thiotoes ; E Y LITHOLOGIC DESCRIPTION
MHEHEHHEBEHAEEE 32| 2
AHHEHBE LR zl8l32
L L|lZz|lx|a ol |d|e| = al|lo|a
+ == ]
q S FORAMINIFER-NANNOFOSSIL OOZE
© A P
g 0.5~ ++_|_ | Foraminifer-nannofossil coze, gray (5Y 5/1), light gray (5Y 7/1, 7/2), pale yellow
s e o SOLNTRILN (5Y 7/3), white (SY 8/1), and light yellowish brown (10YR 6/4); specks of lighter
w 1 7 | and darker colors. Foraminifer-enriched in few thin layers and lenses. Very
o 1+, sharp contact in Section 8, 72 cm, testifies to possible erosion of part of the
L8| g sequence.
S 1+ + | t %
e = SMEAR SLIDE SUMMARY (%):
o 1+ —+
= S I I 1,115 4,72 6,54
_ 1+~ —+ e M 0
2le :__|_++— t TEXTURE:
=|e i i e t Sand 15 10 8
. 2 4 = silt 15 15 12
= —+ - Clay 70 75 80
© -
3 -_+_|_+_ & COMPOSITION:
3 =, T b Quartz 5 6 5
. =t = Mica T T T
1 == == | Clay 19 17 18
3= =4 = Valcanic glass 2 1 2
ey 44— 4 Calcite/dolomite 2 3 3
o - —+ - | Accessory minerals 1 1 1
w ° 1+ -+ Opagues 1 = -
5 3 4+— 4+ - Gypsum - Tr 1
o 1 4 | o Foraminifers 15 8 7
= - - - Nannofossils 50 60 60
Z o« © ==, = A1 Diatoms 1 Tr 1
o ° 1+ || Radiolarians 2 3 2
o a2 = I Sponge spicules 1 1 Tr
s> == 4 4= | Silicoflageliates 1 Tr Tr
_| = = — Fish remains Tr - Tr
g 41—+ —+ |
w ] i
5 -+ —+
o 4 5 —+ ) | *
o 1+ —+
= J= 4= 4
L3 41+ —+ |
° i
2 d == <= |l
n 1 — et
= d = -
o - -+ -
< 0 4+ =
7le —+ + -
- 5 1+ —+
= + +
& 1+ +— | H
o -_'— — -
. 4
= +— -
e
+ +
1+ —
sle|] + —+ -
‘E_- ] -1+ -+ *
= I —+
CC —+
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SITE 653

SITE 653 HOLE A CORE 19X CORED INTERVAL 2981.1-2990.7 mbsl; 164.1-173.7 mbsf
BIOSTRAT. ZONE/ - <
; FOSSIL CHARACTER " g g @
= |22l 2 £l |3
wl| == % GRAPHIC ol e
§ L8 |, & glE|, .| uimeooey Z’ Bl LITHOLOGIC DESCRIPTION
AHEEERE PR HME:
= @x = (=] < | > w [+ = - [=] =
L S - s|T(S|8] ¥ |83
ST |
A g [ FORAMINIFER-NANNOFOSSIL OOZE
5 0 5_-_ _+_+ _'_— Foraminifer-nannofossil coze, olive-yeliow (2.5Y 6/6), gray (5Y 51, 6/1), light
. R gray (5Y 7/1, 7/2), pale yellow (5Y 7/3), white (5Y 8/1), and light yellowish brown
] F= o=k (10YR 6/4); some irregular streaks are darker or lighter than the background
® e e color, Few foraminifer-rich layers.
Sl g
v b = # | SMEAR SLIDE SUMMARY (%):
ile 1 4=
a 1+ =+ || 1,114 5,54
o e | || D D
E=3 - ————
1+ —+ — )
3 } __+++_ t TEXTURE:
k] B Sand 5 5
- g == Silt 15 15
) 2 -L—l— — Clay 80 80
1+, +1 g
5 _l_—|-_ — COMPOSITION:
. ity Quartz : =
] Feldspar 112 -
1 == = Mica i =
q= = Clay 13 24
-+ 1 lon il i Volcanicglass 1 1
Lt - i s - — Calcite/dolomite 3 4
= = o T+ —+ Accessory minerals
wl |2 . T~ | %] Pyrite 4 s
O 3 4L 4 Foraminifers 10 5
) P ; PN Nannofossils 60 55
3 - Al 4 Sponge spicules 1 1
o % 2 ] e e [ Bioclasts 1 1
]
> — -+ -l
=2 1=+ —+
s e
= -
w 1+ —+
T+ + -
¢ -+ =+ 0
- iR
2 i —-_—|—+—|—_
Lle 3= = -
g ] oG
< 1+ —+
o I —f - 0
21z 1+ —+
v — —+
i®s] 49 4 *
it B
. 1+ —+
© © e el
= . {1+ —+
b= g2 o=
—_—
. —+
o 1+ =+
< s . o
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SITE 653

SITE 653 HOLE A CORE 20X CORED INTERVAL 2990.7-3000.2 mbsl; 173.7-183.2 mbsf
BIOSTRAT. ZONE/ 3
£ | FossiL cHaracTer | | © 2,
= o | e S| e
- lelale £l 5 El3
o |Wlg|= z| 5 GRAPHIC R
S £(8|z], g2z utoer el el LITHOLOGIC DESCRIPTION
o Zl 8] = == = @ == | @
D s|ls|ld|2 gl .12 = S|le|
= |2|2|a|% bl - O | =gl =
FlE|2|&|a S(a|d|a| = gla|ad
2 SR T
] _L—L_LJ ‘ NANNOFOSSIL OOZE and FORAMINIFER-NANNOFOSSIL OOZE
(-] -
: os5— L. L. Ni fossil ooze and forar r-nannofossil coze, light gray (5Y 7/1, 7/2; 2.5Y
4 1 ] 7/2), pale yellow (5Y 7/3), light olive-gray (5Y 6/2), and (2.5Y 6/2, 6/3, 6/8,7/1,
L] 1 1T 1 7/3); diffuse and gradational contacts between colors. Foraminiferal tests and
o :‘ 1 black specks (hyrotroilite?) throughout core in minor amounts, concentrated in
©l|e 1.0 N _I_“ intervals of foraminifers noted below. Texturally homogeneous.
4o g * Minor lithology: foraminifer-bearing nannofossil ooze, (5Y 6/1, 6/4, 711, 713),
— B S B Section 4, 5674 and 105-150 cm, Section 5, 23-65 and 105-144 cm, and CC.
3 . _I_—‘— S I SMEAR SLIDE SUMMARY (%):
© 3= L 4 1,114 2,80 4,100 554 5100
I 4ol o el [ D D D D M
Tle - b
™~ 2 T . Gl ] TEXTURE:
4. e o
J Sand 5 5 5 5 20
© —_‘ *"—_J_-L *| st 15 15 15 15 15
] 2 S Rt W] | Clay 80 80 80 80 65
= | COMPOSITION:
w ek MRS s
= ) SR SEAR anz 5 2 1 4 2
w 2 cl= <o l Feldspar 1 - - - -
O - - (R:ﬂllca 1 - - - o
& o i o — ay 13 16 21 20 20
ol ] slsl Hq ==, ] Voleanic glass 1 - - 1 -
a =ls o o SR T Dolomite 3 - - 4 -
© L. Accessory minerals - — - - 3
S Tle — L I Pyrite 4 1 1 5 =
1 L~ 4 1 1 Foraminifers 10 15 10 10 20
[ ~|® 1 1 _] | Nannofossils 60 65 60 54 55
= )i o e TR Sponge spicules 1 1 P 1 =
=3 o - Bioclasts 1 - - 1 =
-+ 51 ! s 55
n " S S WS
ak: i [ T
%%l T [
1+ —+
@ N
e -1+ —+ ‘ *
T + -
4+ -+
1+ —+— -
4+ =+
+ + -
¢ 1+ —+ {
° T, *
5| 11—+ -+
3= <= -3
&5 1+ —+
° = —+— - l *
4+ —+
T —+— -
[ —t
S cel + —+ - t
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SITE 653

SITE 653 HOLE A CORE 21X CORED INTERVAL 3000.2-3009.9 mbsl; 183.2-192.9 mbsf
= BIOSTRAT. ZONE/ & )
g FOSSIL CHARACTER ; g E Q
- |22 ElE w2
o |Elal= =% GRAPHIC ale
g |¢& g ., slglz]|. Framdi S Kol &1 8 LITHOLOGIC DESCRIPTION
NEEEIHEEIREEE: AR
212(2l5]% ulela|g| 8 = -
Sl - - =t TE|s|a]| = gl 8|3
= STTE: ST [
4 - NANNOFOSSIL O0ZE
o BT
w o=l o l Nannofossil coze, light gray (2.5Y 5/6, 7/0, 711, 7/2, 7/3), pale yellow (5Y 7/3),
. 4+ pale olive (5Y 6/3), gray (5Y 6/), light olive-gray (5Y 6/2), and (10GY 6/4);
. 1 T 1 1 diffuse and gradational contacts between colors; slightly indurated zones in
o 3] e Section 2, 31, 37-38, 4446, and 133-136 cm. Diagenetic laminae in Section 4
©|o 1.0—-“'__1_ _L.ﬁ and ion 5. Mostly | g 15 in texture and color. Metal piece (from
:'; ’.“ — i coring equipment?) in Section 6, 7 cm.
- 1 L _L_—‘ l Minor lithology: foraminifers-bearing sandstone indurated and broken into small
< o S pieces, Section 3, 141-143 cm, It is thus difficult to distinguish layer contacts
o o +4 1 1 ‘ or original continuity in the core.
SO =
= 3|2 T _1__{ [ % | SMEAR SLIDE SUMMARY (%):
ale T L - 2,37 2,137 2,140 3,141 4,100
= 2| 4L _L_—l— M M M M D
- 0 T 1 TEXTURE:
~ 4 L
. 40 1 I Sand - 5 15 80 10
17 1 * Sit - 5 - 5 -
N il l Clay 100 90 85 35 90
W 3 _I_—l— il t COMPOSITION:
b o _]_ D Quartz - 1 2 R
o [ P (N S | Feldspar - - - 1 Tr
= 0 - 3 = I Clay - - - 15 -
== <. 1. 3 Volcanic glass - 2 5 = —
o = Sl g 1 | Calcite - = T
- e I 1 _l__- Dolomite 1 2 3 - 1
é S| e ] S I Accessory minerals - 3 - 1 -
© + — s - - - —
< © 4 L _ L * | Foraminifers 5 10 15 60 10
w -8 Y ——— | Nannofossils 94 84 75 20 89
© i A B e Sponge spicules Tr - Tr - Tr
2|, g s
7|8 L, + |
- o4 —
~ of 4] 4= e |
o | S S
= ot =l =L
° 1+ L ' t *
41 1
1— 1L
i~
4 1 _}
- Tl | t
g = e Sy [}
s| 44— ||
o R (ST t
i Joadn gl [
w . ., -
L] 2 . (R
17|
1L L
sl 1+ L [
5-2 = 1 _1
[$) ccl =k 2]
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SITE 653 HOLE A CORE 22X CORED INTERVAL 3009.9-3019.4 mbsl; 192.9-202.4 mbsf
BIOSTRAT. ZONE/ ” .
; FOSSIL CHARACTER | | W 2l
= w| o 21 E E|E
5|63 § TH e SEREHIT 5 § LITHOLOGIC DESCRIPTION
2 |z|8|%|a S| &| - LiTHoLosY | e | 2 | o
] S Llal = g N = a zZ|E 3
wlg|lz|2]|8 wl o |EF|F| w 41+ =
= = of -
I | 2|28 G z|al3
Ll L|lz|lx]|a a|la|o|® H a|lw| o
g Tk ] |
5 ._J___I__I_ NANNOFOSSIL OOZE
w - —
n 05—l F s} t NMannofossil coze, light gray (2.5Y 7/2, 7/4, 7/6; 5Y 7/2), pale yellow (5Y 7/3),
L e * light olive-gray (5 6/2), white (5Y 8/2), and yellow (5Y 7/6). Burrowed in upper
1 0 [ T [ l portion, and maybe throughout core. Drilling disturbances prevent better
] i delineation. Most color changes are gradational. Core is y and
- T i ._I_ﬁ compositionally homogeneous. Broken into pieces, thus layer contacts and
o - =TS | continuity in core cannot be distinguished.
™ @ - =
E X ] = I-_L:_L | Minor lithology: foraminifer-bearing sandstone (5Y 6/2), Section 1,49-53 cm.
= o 4 1 _|__ SMEAR SLIDE SUMMARY (%):
D A
= © :_‘_L_‘_I_ . | 1,54 2,55 4,103
o |® ] M D D
-] [ ] 1 _I_ — | *
- 2 44— L TEXTURE:
4 1 _
W ?: ~ o [ I (N I Sand 40 5 -
= -, 5 S| i Silt 30 5 10
w . 41 1 [ Clay 30 90 90
[&] ] 3 -
= o T _I__J COMPOSITION:
J ; g {
— _— — Quartz - Tr -
a % = g el 2l Mica - - 3
- 2 a4, A Clay 25 30 45
c—:' el® 3 7 _|__I__|_ Dolomite s - - 2
Al . Accessorym
LTJ 5 4 1 _1 Analcime - Tr Tr
o | _ — I Micrite - - -
vl ] = = Foraminifers 40 10 5
2le 11 _[_—‘— Nannofossils % 40 35
& 1 -
o~ © 4 1
E L= T _l__[__
i
= kS 1o e o
- 3 el S
- ! -
.8 I IR
- L ]
= —~4 1 _1
° 5y = S *
2 s R
o . BT
o 2 s S I
= 2 I N
[+]+] = | 1
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SITE 653 HOLE A CORE 23X CORED INTERVAL 3019.4-3028.9 mbsl; 202.4-211.9 mbsf
BIOSTRAT. ZONE/ g
E | FossiL cHaracTeR |, | W 2 o
5 = S |E 3|g
8 E 2 % § a GRAPHIC 2 E
S |Ll8|z glg|z cinosoy | 212w LITHOLOGIC DESCRIPTION
A EHEHEE LR T 5|4
v |3|g|2|8 2lalz|E] 8 g
= x|l Z|al|a = w | "u} =|lo]l=
22|23 |88l = 6|
+ = ]
bl ot NANNOFOSSIL OOZE
o 7 | IO (v
o 05— - L | MNannofossil ooze, light gray (5Y 7/1, 7/2), pale yellow (SY 7/3), pale olive (5Y
. e i e &/3), light olive-gray (SYR 6/2, 7/6), and (2.5Y 4/4, 5/4, 5/6, 6/4, 6/6, 7/2, 7/4,
o 1 T = 8/1, 8/4; 5Y 5/3, 7/6; 7.5Y 6/0; 10GY 7/2; 5YR 4/3; 7.5YR 6/6, 7/2, 7/4, 7/6;
™~ In " i | 10R 5/8); colors are transitional from very light grays and browns to darker
= e — browns and red-yellow-browns; much of variegated and mottled color patterns
2% ] _L_L__L | result from coring disturbances (soft biscuits).
o 4 Minor lithology: Silty foraminifer-nannofossil coze, (2.5Y 7/2), Section 4, 122~
- 7l 4 _ | 129 cm, and Section 5, 117-120 cm. Normally graded layer in Section 4.
4 L 1
3 - 4 - | SMEAR SLIDE SUMMARY (%):
clo 1 Tl T (%):
|~
-l g LR i 3,60 4,129 548 5,118 6,48 7,34
° 2 ] _I__t__l_ | D D D M D D
B —
& e [ N | TEXTURE:
. S it St Sand 10 5 15 5 5
ot ke [ Sit 8 45 — 45 - 15
[ _l__' Clay 92 45 95 70 95 80
o~ :—J_—L-J_— [ COMPOSITION:
[ a 17 1 ] | Quartz = - 1 T 1 =
= ° i il i Mica Tr 2 - — - -
3 i [ 2] *|  Clay 35 36 10 20 - 35
e = Dolomite - 2 - Tr 1 Tr
o LIS B
© B Accessory minerals
iR -+ L - Analcime Tr Tr — Tr - Tr
w Lle 14+ L | Gypsum = - 1 o 1 2
= £ - L Opagques — - ot 25 2 =
g 4 [ NI % | Micrite 13 - - - - 5
o e SN Aragonite - Tr - - - -
- o~ d.L. L Foraminifers 8 30 5 25 5 8
< i z 5 plll | Nannofossils 42 3 8 30 80 50
RE il F ok | Dcime: = =2 =2 E & =
> = le = il i Sponge spicules - - Tr - - -
- Y - e T ]
< 3+ L
w - I .
e T =l o
=tFr— I *
[ ISRt XS
B _J__I___I_ |
- [ U iy |
o i ISR Mgl *
e A e |
3 o 1] _I__l__l._.
Lle i F | L% ]
| =
R=1 1 1 | I
il i ] R
- g 4 o *
~ ol %e| 4= TS |
[ ] —
% 3 I el =5
[=} e — T |
» @ e Sl (O
L] H IR IR ‘
o [ N
L
N ]
7 1 L
g P | *
3] ce] 4+, - .
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SITE 653 HOLE A CORE 24X CORED INTERVAL 3028.9-3038.4 mbsl; 211.9-221.4 mbsf
BIOSTRAT. ZONE/ i
£ | FossiL characTer | , | © 2w
3 = S| E ERR-
b E - %’ Llg GRAPHIC 2 E
o w| = =z a3
e -E» 2|, é E i:- . TPy | =1 . LITHOLOGIC DESCRIPTION
] =] d]|= = 0l o b = E w
i E|lelals o =2 -3 S pur}
= |2|2]|5]|% o I B Jlal2
< =1 =
F|2|2|2)|a s|E|E5|8)| % Sla|a
YOI
N | CALCAREOUS MUD
0'5_- | Calcareous mud, (SYR 5/6, 5YR 6/4, 2.5Y 6/4); (5Y 7/2, 2.5Y 4/0, 2.5YR 4/4,
1 ' 5Y 5/2); (2.5YR 5/8, 7.5YR 4/4, 10YR 3/2). Multicolored and variegated, with
1 . | few distinct contacts between colors. This probably represents biscuits formed
. because of drilling disturbance. Despite color differences, the sediment is
1.0— * texturally and compositionally homogeneous.
- | Minor lithologies:
7 1 a)Ferruginous clay, (10YR 2/2-2.5Y 4/2); color variations suggest at least six
| layers, disturbed by drilling; CC, 0-8 cm.
- y b)Biotite-bearing sand, (10YR 6/1); no structure or layering apparent in sand;
7 | C, 25-34 cm.
_ ” SMEAR SLIDE SUMMARY (%):
2| 3 | 2,5 CC3 CC,185CC,31
] D M D M
3 | TEXTURE;
N I Sand - - - 60
n Silt 15 10 15 30
- | Clay 85 90 85 10
] COMPOSITION;
= | Quartz 1 1 1 2
3 % Feldspar - 5 2 1
w E I Mica 1 - 1 22
= 7] Clay 67 B4 81 34
&3 T Volcanic glass = 5 = 12
2 ] [ Calcite - 2 - -
= |ooalen - Dolomite - - 7 -
| _ = — | Accessory minerals
o o= N Opaques - 2 - -
> == = Analcime 4 Al 3 -
2 ] | Pyrite - - 3 s
o B Micrite - 3 - =
<< - Zeolites - 20 - 1
w 4 ] [ Foraminifers 4 - 2 -
- Nannofossils 20 3 20 3
1 I Spar cement 3 = = =
— Detrital carbonate - - - 20
S| & I
@ 0 [
.> b
2 I
o e
= | -
< |:= A |
=z |2 3]
o |2 L |
c i
wlo .
il =
|| %
i m CC __| *
*
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SITE 653 HOLE A CORE 25X CORED INTERVAL 3038.4-3048.0 mbsl; 221.4-231.0 mbsf
= BIOSTRAT. ZONE/ @ .
i FOSSIL CHARACTER m
2 e HE £(g
v |[E|E] B R
o wi sl = i GRAFHIC alo
e 5 g ';‘ i § g E = LiTHODhRY : 2l LITHOLOGIC DESCRIPTION
] slk|la| = = o | & 2] Z|% | w
W Ele|lal|o = -l = = = o] -
z (2| 2|a|% Slgl1@|s| 2lal2
= o - T = 1 I X w w = w el
Lad L|lz|l=|a al|la |5 e = al|lo| e
MANNOFOSSIL OOZE and SILTY SAND
* Nannofossil ooze and silty sand, reddish brown (2.5YR 5/4), gray (5Y 511, 6/1),
' olive-gray (5Y 4/2), and olive (5Y 5/3); silty sand is homogeneous. Nannofossil
i | o00ze may be burrowed in lower 30 cm, or mottling could be the result of coring
& 1 ! disturbances.
>
2 |= | Minor lithologies:
< | o s a) Sandy mud in Section 2, 86 cm, to CC, 27 cm, dusky red (10R 3/4).
=\le b) Gypsum in CC, 27 cm, to base of CC, white (2.5Y 8/2) to light brownish
Z & | gray (2.5Y 6/2), broken into breccia by drilling.
w02 .
” |5 Q LV SMEAR SLIDE SUMMARY (%):
w | ™ 7
=g - 1,30 2,50 2,90
c 2 =] D D D
7 TEXTURE:
- Sand 50 5 15
a3 Silt 35 5 30
CC ] Clay 15 90 55
= COMPOSITION:
Quartz 20 1 10
Feldspar 5 1 2
Mica 5 - -
Clay 15 50 56
Volcanic glass 10 2 5
Dolomite 5 2 2
Accessory minerals
Gypsum 25 5 5
Zeolites(?) - r -
Opaques - - 10
Iron oxides - - 10
Foraminifers - 5 -
Nannofossils 15 34 -
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SITE 653 HOLE A CORE 26X CORED INTERVAL 3048.0-3057.7 mbsl; 231.0-240.7 mbsf
it BIOSTRAT. ZONE/ 5 a
g FOSSIL CHARACTER 3 E g g
o @, ElE Bl=
AHHE 215, aRAES 5% LITHOLOGIC DESCRIPTION
2 |2|18|%|a Slelel LithoLosy | o 2 | o P
NEHEEE R zZ|5|i
w ol o )
z 22|35k = A R Zlalz
; o )| a - b x T w w @« W <
Llz|lx|ao o a|o|on =z a|o| o6
[4] 15 ao 1]
w e i q o % | MARLY CALCAREOUS (DOLOMITIC) OOZE, CALCAREOUS NANNOFOSSIL
1= == | MUD, and GYPSUM AND SILTSTONE
49 0o a2 NV
0SS = M Maijor lithologies comprise alternations of marly calcareous (dolomitic) ooze,
1 1 o o anN-NH i * calcareous nannofossil mud and dolomitic clay, dark gray (5Y 4/1) and olive-gray
4= a‘:.‘:'m-j—“ (5Y 5/2); dark grayish brown (10YR 4/2) in CC. Finely laminated in Section 3,
b N—H I normally graded in few-mm intervals (enrichment of mica at the base).
107 ool Foraminifers in patches of ooze.
ooo
"; ] [=]=] |=|\_:|,
z |z aaa T | Minor lithologles:
z [5le 1559 a) Gypsum, laminated to large crystals in compact layers or clusters to
= lele 1= o e Y] microcrystalline, white (5 8/1) to transparent.
2 |-= =222 N b) Siltstone/sandstone in Section 2, 3641 cm, dark gray (5Y 4/1), coarse silt
il 57 :ﬂ::,:,::}t\: % to_ve;yﬂne-gralnedsand.wsilsonsd., lymineralic composition (including
3 a —a oo NhH e
= |c 2 s & NN SMEAR SLIDE SUMMARY (%):
=] 1 aaollll
c Je e 1,25 1,65 2,40 2,102 2,119 3,17 CC.15
= e o 1] * M D M D M M D
1 & o oMY
- #*
] ,:,':*‘,:,'::.1\EE TEXTURE:
0O oo N
0 o o
N Sand 5 2 40 3 65 5 2
3 =oa | * | Sit 20 5 20 25 25 25 20
= D] «| G 75 93 40 72 10 70 78
- = COMPOSITION:
Quartz Tr — 25 3 40 7 5
Feldspar 3 — — - - - -
Mica - - - - - 1 -
Clay 50 54 a1 26 4 50 51
Volcanic glass 5 3 - - - 3 -
Calcite/dolomite 7 3 7 15 3 20 15
Accessory minerals Tr - 1 1 Tr 1 2
Gypsum 2 3 10 4 35 5 5
Pyrite - 1 1 1 - 1 L
Micrite
(dolomicrite?) 25 16 15 20 15 8 10
Aragonite
needles - 1 - - - - -
Foraminifers 1 - - - i - =
Nannofossils 6 18 10 30 3 4 10
Radiolarians 1 Tr Tr - - — Tr
Sponge spicules - 1 Tr - - - -
Pollens s - - - - = 2
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SITE 653 HOLE B CORE TH CORED INTERVAL 2820.9-2827.0 mbsl; 0-6.1 mbsf
BIOSTRAT. ZONES " i
'E: FOSSIL CHARACTER | | w 2lg
= 215]e E .;;, E 3
a — w - L4
O |Wlw]= z|3& GRAPHIC a|le
g |2|8|%|a glg(&], uhoLoey o | 2| @ LITHOLOGIC DESCRIPTION
g 12181813 |3].12]2 & Sle|2
«| =] 215 wl|le|ZE|F u B
Zl&lz|g|z| [2]|z[8|8) & zg8l2
L Llz|lx|B o |l |o| o = a|lwm| e
e L % | MARLY NANNOFOSSIL OOZE alternating with CALCAREOUS MUD
E Marly nannofossil ooze alternating with calcareous mud. Altemations of variable
b - thickness (generally decreasing downcore). Varicolored with olive, gray, brown,
0.5 * and yellow shades; both sharp and diffuse changes between various colors.
. _g Gritty in Section 2, upper part (possible detrital dolomite). Pteropod shell
1 fragments in Section 7, 54-100 cm, and Section 2, d 1080 ¢m. Mollusk
E — shell fragments in Section 2, 2-40 cm.
1.0 q Minor lithologies:
|1y a) Foraminiferal silty sand, Section 1, 49-54 cm.
2 =T — b) Volcaniclastic mud, Section 1, around 120 cm, and Section 4, 80-94 cm,
o o=t - * thin, faint gray to light yellowish brown (2.5Y 6/4) and light olive brown (2.5Y
(2] -+ 54) laminae, normally graded.
S Socps g ® ¢) Mud, Section 2, near the base, and Section 3, around 40 cm, thin, black
(<) i1 R TR e and very dark gray to dark brown ble sapropel ts)
S s ; (b * d) Mn(?)-rich mud, Section 3, 27 cm, thin, dark biuish-gray laminae.
— &) Mud, Section 3, 133 cm, and Section 4, 52 cm, faint greenish (possible
0 — = Q) diagenetic) laminae.
5 2| 4+, —+ | SMEAR SLIDE SUMMARY (%):
= - —+— |~ 1,10 1,52 1,122 1,144 2,34 2,81 2,107
uils J =+ —+ =% M D M M M
W= ‘3 : e l == * TSandEXTURE: 10 65 18 15
3 ;i e g — = 550
S =g 1 ~ St 4 20 22 10 15 15 40
B S8 =+ | Clay 0 15 60 9 8 8 45
AHE 1. COMPOSITION:
W ls 41—+ —+— | Ed%| aua 3 2 4 2 5 5 5
@ | T [
: -- 1 1 - - - =
3 3|l 1 | —*| cuay 55 10 48 - — — 48
- 14 t — * golcanicglass 3 Tr 15 5 2 2 1§
o - — alcite - - 4 - = -
e == == = Dolomite - - - 5 10 5 3
Q 1= —= Accessory minerals 2 1 2 — 2 2 -
=] B * Pyrite(?) - - - - - - 2
S 15 ; Micrite - — 4 — - - 4
—+ Eumnrg:osail 1 % ; 85 ég ag 1§
N = an s 18 25 1 1
44+ —+ —L * | Diatoms 2 - - 1 1 1 1
b += 4+ l Radiolarians ” 2 - = - - = <
[ ] =4 —4- spicul - 1 1 - 4
17| FH™*| siicoflageliates 1 = - - - - 1
4 ] —L Fish remains 1 - - - - - Tr
1 Bioclasts - - — - - = 2
] Al * 3,34 3,63 3,77 3,132 4,20 4,52 4,89
] — * M M M D M M
] 1 %| TExTuRE:
. | | % | sand - - 2 15 = - 50
b - | ' TA St 10 10 40 80 5 40 20
o C —] | F—{*| Clay 90 35 25 60 30
COMPOSITION:
Quartz 5 8 15 4 3 10 1
Feldspar 1 2 4 1 —_ Tr —
Mica - 1 2 1 2 - -
Clay - 63 42 50 25 - 30
Volcanic glass 1 4 3 13 — 10 69
Calcite — - - 22 — = B
Dolomite 10 - 2 2 Tr Tr Tr
Accessory minerals 2 2 4 2 —_ Tr 5
Micrite = = — - 10 - =
Pyroxene - - - - Tr - -
Foraminifers 10 5 3 1 [ 10 -
Nannofossils 69 12 15 3 50 69 -
Diatoms 1 - — - — - -
nge spicules 1 3 2 1 - 1 -
ish remains - Tr - —_ — — =
anics = - 3 = = = =
Detrital carbs. L= = 5 = - = _
Pteropod-aragonite
needles — - —_ — 4 - —
4,105 4,116 4,124 4,136 CC,14
M M M
TEXTURE
Sand 5 60 15 — 10
silt 5 30 30 10 30
Clay 90 10 55 90 60
COMPOSITION:
Quartz - 43 5 - 4
Feldspar 2 5 1 - 1
Mica - = 1 - 1
Clay - - 68 = 60
Volcanic glass 1 5 3 — 5
Calcite - 10 4 - 4
Dolomite 5 5 Tr 2 1
Accessory minerals — 2 2 - 1
Foraminifers 10 10 6 10 4
Nannofossils 80 20 8 88 18
Diatoms iy 1 - < - .
Sponge spicules 1 - -
Fishremains - - - - Tr
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SITE 653

SITE 653 HOLE B CORE 2H CORED INTERVAL  2827.0-2838.5 mbsl; 6.1-17.6 mbsf

BIOSTRAT. ZONE/ .

L | FossiL CHARACTER | @ 2o
§ o - =1 I&J
il =S Y
S |ulg|= z | GRAPHIC HE
s |Llglz|, glg|x et R gl - O LITHOLOGIC DESCRIPTION

Ele] s z|*|B|E]| » z|l=| 8
W HEE 3 = JELS © Slell
Z|2|2|5|k glelals] & Jlalg
b <
2|23 |a a|la|d|8| = £18|3

:—'_|__ +_ § MARLY FORAMINIFER-NANNOFOSSIL OOZE with intercalations of MUD AND
i : ] || VOLCANIC GLASS-BEARING SANDY LAYERS
00 ==~ = ‘ ki Marly nannofossil-foraminifer ooze; white (2.5Y N/8 or 5Y 8/1) to light olive
1 = == = 1§ brown (2.5Y 5/4) or olive (5Y 5/4), and light gray (10YR 7/2), Two thin indurated
i © —‘: * intervals in Section 4, 20-21 and 30-31 cm, greenish gray (5GY 5/2).
1.0 re - Minor lithologies:
p=icry q; a)Calcareous mud, Section 1, 78-109 cm, alternating with marly nannofossil
£y Sl bR ooze from Section 1, 109 cm, to Section 2, 60 cm; very dark gray (5Y 3/1).
-1 4 b)Foraminifer-nannofossil ooze, Section 2, 96105 cm; pale yellow (SY 7/3).
- ary e ¢)Volcanic ash layers, Section 2, 117-118 cm, Section 3, 76-91 and
4 126-136 cm, Section 4, 80-120, 109-111, and 136-150 cm, and CC,
1 4 = 3-5 cm; light olive-brown (2.5Y 5/4) and light olive-gray (5Y 6/1) to very
5 rmtedntio : T dark gray (5Y 5/4), semi-indurated, thicker layers normally graded, layerin
S i i CC broken up and disturbed.
R * d)Mn(7)-rich nannofossil mud, Section 1, 78 cm, Section 2, 68 cm, and
Z 5 gt ZZ Section 6, 13 cm, very dark gray (5Y 3/1).
] - e)Sapropels, Section 1, 103-108 cm, and Section 2, 71-75 cm, olive (5Y 5/3)
™ R e o Shn to dark olive-gray (5Y 3/2).
‘; = =y= % | SMEAR SLIDE SUMMARY (%):
41+, 1,40 1,78 2,675 2,117 8,30 3,86 3,13
b M M M M M M M

5 - TEXTURE:

T . % | Sand 5 10 30 5 15 40

2 4 Silt 20 15 30 40 15

b — Clay 75 60 30 80 15 20

3 :

% '!‘ COMPOSITION:

° 181%| Quanz 1 1 2 5 3 12 4
w|a Feldspar - - - 2 1 3 2
Z | Mica - 1 - - 2 4 3
w = # | Clay 18 66 12 24 49 — 35
© 3o Valcanic glass 10 10 15 60 3 60 44
el RIS _L Calcite - - 4 - - 2 3
n | 2l=Z == Accessory minerals - 2 — 2 = - 2
=|§|% = % | Pyiite 2 - - = - = =

“ Opaques e . - - - 2 -
e Micrite - 1 — 3 2 - 2
S w 4 Pyroxene - - - - - - 2

= Foraminifers - 5 15 3 12 15 1

52 ==| % | Nannofossils 27 15 30 1 28 Tr 2

I Sponge spicules - - 1 = = o 5

S ] Silicoflagellates - - 1 - - - -

s Organics 40 - 20 - - - -

S % Spar cement 2 - i = - = =

T i At I Intraclasts - - - - - 2 -

A —I—_l_" % 4,30 4,101 4,150 CC,2
4 M M M
A L 1 B
5 e | i TEXTURE:
ke Sand - 20 40 20
i SN RO — Silt - 30 20 20
47 |G| | o -~ 50 4 60
v ] — COMPOSITION:
. = pg] Quartz 2 4 15 2
- Feldspar - 1 5 1
i S T I ] Mica - 3 8 3
b s N T Clay 60 24 11 21
B e T Volcanic glass = 60 42 50
- = —+ —_— Calcite 4 - 4 2
6 1- —+ = Dolomite _ 1 — 1
i Accessory minerals 1 3 3 -
- Pyroxene = = - 2
T T— Micrite = i - 1
T Foraminifers 2 2 2 2
5 ol t Nannofossils 31 1 10 14
© e el ‘ Pteropod - - - 1
(3} k= = kS
CC n s i o
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SITE 653

694

SITE 653 HOLE B CORE 3H CORED INTERVAL 2838.5-2848.0 mbsl; 17.6-27.1 mbsf
BIOSTRAT. ZONE/ -
L | FossiL cHaracTER | ,, @ olae
3 e|E 2|k
H E 3|2 " E GRAPHIC alg
%] m| =2 = al|e
2 15(2|%|a g|le|&|, LithoLosy | o |2 | w LITHOLOGIC DESCRIPTION
G [ E1813]3 3| .l2]2] & A
= |2|3)|5]|% Ylgla@|s] & 3al%
FlR2|Z|Z|a |Z|5|8| % gle|a
= = ' = f E MARLY NANNOFOSSIL OOZE and intercalated SANDY/SILTY AND VOLCANIC
= . d 4| | GLASSBEARING LAYERS
0.5 - _I_“'I_ Marty nannofossil ooze, whte (2.5Y NB or 5Y 8/2) to light yellowish brown (2.5Y
1 o — 6/4) and pale olive (5Y 6/4). Pteropod shell fragments in Sections 5 and 7. In
- 1 l Section 1, 120 cm, to Section 2, 20 cm, mud-debris flow or slump containing
A o_:l_ —d_. balls of nannofossil ooze with different colors.
¥* Minor lithologies:
=4 _1 1 a)Foraminifer-enriched, discrete layers; foraminifer sand in Section 1,
N - L 110-120 cm.
2 | b)Mn(?)-rich volcanic glass-bearing black layer in Section 2, 91-92 cm.
c)Silt, Sections 4, 5, and 6; occurrence in numerous thin layers.
T = EJ d)Sand, Section 6; occurrence in a thin layer, disrupted by coring disturbance.
ISR L m Similar layers in Section 3, 21, 102, and 115 cm, are probably repetitions
_“__J_._]__L E due to slumping.
2 B T SMEAR SLIDE SUMMARY (%):
v —p ] *
- T B 1,116 2,90 3,6 3,22 3,26 3,102
L i 15e M M M D M M
1+ L kg l TEXTURE:
. A4 *
o S| ) e ] x| send 5 50 5 10 80 10
W | I | Sit 25 30 15 50 15 30
o I ] - Clay 70 20 80 40 5 60
@ - 1L 1 ]
g 3 1° ] o COMPOSITION:
'“ 1L 1+ ] Quartz 10 2 4 1 7 5
0 4+ .= Bd Feldspar 2 2 1 = 10 A
L] T —) | Mica 1 2 — 2 5 2
= 1 1 EB Clay = 32 64 - = =
Yile ] 3 Volcanic glass 5 15 4 25— 12
il B LA * Calcite - 2 2 - 1 i
o |3 117 1A Dolomite § - - 2 - 2
(<3 e~ 8 =] i EE Accessory minerals - - — 5 1 3
Elol= ] S [ — Pyroxene 1 5 Tr - 3 1
W ez _|_—.[_ | e (] Opagues = 32 — = ek =
T3 o F L [ g5 Analcime - T T 2 - 10
o= 4 L R 1 B Foraminifers 15 2 5 10 4 12
[FH :r— 1. R * Nannofossils 70 4 20 34 - 53
- — | 11 [ Diatoms 1 - - 1 - -
= N \ = il Bioclasts = 2 = — 2 -
o~ - :I— 5= t Intraclasts - - - - 4 -
o 3 i
) L] + . L P T 6,76 7,12
g W = _|.|_-_|: l i D M
- -t —I— - L
© 5 _LE : E TEXTURE:
= —- s | Sand 5 10
5 4 ﬁ ' Silt 15 40
T Fd 1 Clay 80 50
=+ L B 1 Q_‘, COMPOSITION:
- e Quartz - 15
O% pica - 5
J=/=a=s | = | Clay 65 -
- 1 Volcanic glass 2 5
— :’.;-,':':.:’ i) | — Dolomite — 5
1meooo — Cement 2 -
= — Accessory minerals
6 j|='|::=| e | | N ™ Pyroxene - 2
4000 |::='|:| = Opaquas —-— 10
o= oo | Analcime - 10
‘__] = =‘= Foraminifers 5 5
2 e o i Nannofossils 25 48
coooo | Sponge spicules 1 -
M " =__
L »
71 = L Fa.
C_f_ oSt It
< e+ .= ¢ *
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SITE 653

SITE 653 HOLE B CORE 4H CORED INTERVAL 2848.0-2857.5 mbsl; 27.1-36.6 mbsf
BIOSTRAT. ZONE/ -
L |FossiL cHaracTeR |, | @ gle
=1 E L = I3
- % ; g E E GRAFHIC g g
-— [=] >
R 2|, HHEE oy | | 2 s LITHOLOGIC DESCRIPTION
o B - A Zl.l=2l2| 2 ZElw|Yy
¥215|5[5] |9|e|3|6] E 3ald
Fl2|Z|E|a s|lz|d|8| = Elal|a
=t
MARLY NANI‘;OFOSSIL OOZE, withintercalations of CALCAREOUS OOZE and
% | MINERAL-RICH LAYERS
[=I=K=1=1=] *
0.57] 1 I v Marly nannofossil ooze, varicolored in irregular laminae, including light gray,
1 o = light olive-gray, gray, dark gray, pale olive, pinkish gray, white, and pale green
4 4= L | ns of grained intervals, some normally and reversely graded
; 0’_-_..1__'__1__ intervals. Numerous scattered biotic flakes.
1 S | S | Minor lithologies:
= | 1 a)Gypsum- and quartz-sand-bearing calcareous ooze, Section 1,40-50 cm,
b ] gray (5Y 5/1), reverse-graded, large mica flakes.
11 N | b)Mineral-rich(?) layers, Section 1, 135 and 144—145 cm, Section 2, 115and
- 130 cm, and Section 4, 12and 45 cm, black (5Y 2.5/1) and dark gray (SY
- L 4 | an).
4] -—l—_l_—l— c)Saprapel, CC, 10-12 cm.
- T L | ! SMEAR SLIDE SUMMARY (%):
1— 1 —
5 1 —— * 1,44 298 2,131 368 560 7.6
=y e M| | T M D M M M M
1+ L | % | TEXTURE:
P SO I Sand 40 15 60 30 20 10
Ao | t Sitt 25 15 20 20 20 20
o 4 4. I Clay 35 70 20 50 60 70
2 4+ L
3 T | COMPOSITION:
g <] leooao A *
© I I ‘ Quartz 7 10 10 15 12 10 15
o Feldspar — Tr - — - - -
@ -+ L - Mica 2 2 2 1 2 1 1
= o e = | Clay 22 6 4 18 18 18 6
i | . - St Bl Bl | | Volcanicglass - 4 4 3 2 2 2
= | e o~ 1 | | Calcite/dolomite 6 2 - 3 - 3 1
= L4 » | | Accessory minerals 1 2 = 2 2 2 2
O Il A ] Gypsum 8 2 5 - - - -
O |w|= ] Opaques 4 - N - = = =
= lolz b ot _I__L T Zeolites 2 Tr 2 Tr 2 1 1
“ 15|z — Micrite 12 - - 15 12 5 15
w |2 4 4 1 Dolomicrite - 15 e - = - =
|+ 1 - Opaques (Mn?) - — 40 - - - -
a | STe==r=sm—an Pyrite = 1 e oy - s =
{2_ Foraminifers 2 5 3 3 3 3 33
o - L Nannofossils 34 50 30 40 45 55 20
"Q“ i L] Diatoms - Tr Tr - - Tr Tr
o ] Radiolarians - 1 Tr Tr — Tr 3
2 SR Sponge spicules " = = = & = .1
S 4 —+= —+ Silicoflagellates - - - - - - Tr
S . =,
1+ —+
— + _—
#*
5 J
— voID
— + e
VDID
' ' W
T |e
-+ 4+
- voip
6 ]
=T ==
:_ —— p—
11| =+ i
1+ -+ ¥
7+ 4+ *
© e e
&) CC e A
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SITE 653

SITE 653 HOLE B CORE 5H CORED INTERVAL 2857 .5-2866.9 mbsl; 36.6-46.0 mbsf
BIOSTRAT. ZONE/ . ’
£ | FOSSIL CHARACTER | , | w 2 e
g S| E Z|e
b ?_. 3 g i E’ GRAPHIC ®lg
5] w| = = al|g
21z|2]|2]|a glz(E|. cimiscasr | 8| 2w LITHOLOGIC DESCRIPTION
L1823 Zl.l2l2] 2 Z|6|u
wlglz|2]82 wlo|ZE|lr]| w 1 .| &a
ZE]2[g)=| |2[z]|¥[8] & HFE
Flou|z|lz|B ala|o|e| = a|lo| e
] FORAMINIFER-NANNOFOSSIL OOZE, with intercalations of SANDY/SILTY
LAYERS and SAPROPELS
0.5 | Foraminifer-nannofossil ooze, varicolored in irregular streaks and halos,
‘ including white, light gray, light olive-gray, olive-gray, dark gray, pale olive,
1 1 ] #* grayish brown, and dusky-green.
i T % | Minor lthologles:
] 4 L | a) Sapropels, Section 1, 65-75 cm, Section 2, 146-150 cm, and Section 3,
+ o~ 0-5 and 64-70 cm, dark grayish brown (2.5Y 4/2) to very dark grayish
7 el Rk brown (2.5Y 3/2).
e R | b) Mn(?)-rich layers, Section 2, 8 and 33 cm.
4 1 ¢) Sand-bearing nannofossil ooze/mud, Section 2, 85 cm, gray (5Y 5/1),
1 ol I reversely graded; Section 2, 140-146 cm, dark gray (2.5Y 4/1), normally
A 4 * jod.
=) e d) Volcanic ash-bearing sandy silt, Section 5, 70-92 cm, light olive gray (5Y
R 6/2) to pale olive (5Y 6/3) toward base, normally graded, lithified at base;
2] 44| Section 6, 78-80 cm, light gray (10Y 7/1), normally graded(?), unlithified.
i S S5 i #|  SMEAR SLIDE SUMMARY (%):
B Sl S 1,70 1,100 2,35 2,94 3,3 3,67
1L 4 M M D M M M
-+ #— — A ol TEXTURE:
© 3 — Sand 5 12 30 30 25
o ] Silt 20 20 20 20 25 20
g B 1 _L Clay 75 68 50 50 50 55
X al 1 U]%| composiTion:
9 3 ] Quartz & 10 5 20 10 10
o ] - Feldspar 1 - - - - 1
e 7 : Mica 1 Tr 1 1 1 1
ule ] Clay 6 18 25 15 17 40
w |= g Volcanic glass 2 3 3 4 3 5
O |2 Calcite/dolomite 2 3 5 5 10 10
o |&5l— ] Accessory minerals 2 - 3 2 3 2
o=z ] Pyrite 1 = = = = 1
v ||z ] Zeolites 1 3 20 1 - -
w E —] — Aragonite needles Tr - - - 1 -
_|*= 4| 3 Micrite 5 3 5 15 10 5
Qg 2 Opaques (amorph.) - - - - - 1
= . Gypsum - o 2 - = 2
[ ot Foraminifers 5 5 1 7 5 10
B . Nannofossils 64 60 8 25 3 10
L ] Diatoms - - = - 1 =~
S 3 Radiolarians 2 Tr Tr 5 2 2
“g Sponge spicules - - Tr - Tr T
S Silicoflagellates 1 - - - 2 -
e 528 592 677 679
= M M M
5 TEXTURE:
i A|x| sand 3 35 3 25
-~ ; ] Silt 20 25 25 20
] Clay 45 40 40 55
& 5 e s t
P I~ —+ COMPOSITION:
+ +— -4 [} Quartz 15 2 20 20
1+ —+ Feldspar = - 2 =
o S VL Mica 1 - 2 3
— : Clay a2 49 28 40
6 —4 _ Volcanic glass 2 - Tr -
R o §| Cakite/dolomite 3 1 2 5
o] sl TR Accessory minerals - 1 1 Z
= =+ Pyrite 2 1 1 -
4 —+= =4 um - 1 1 -
+— —+ - Opaques (amorph.) - - 1 1
1=+ —+ Micrite 15 10 20 10
g Foraminifers 15 5 20 4
o B 4 } Nannotossils 12 8 = 15
"U“ 7 1. i Radiolarians 3 2 2 Tr
7 t Sponge spicules — Tr - -
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SITE 653

SITE 653 HOLE B CORE 6H CORED INTERVAL 2866.9-2876.3 mbsl; 46.0-55.4 mbsf
BIOSTRAT, ZONE/ .
; FOSSIL CHARACTER | o, [ © 2|a
> lela]e ElE -
wlzla 2la GRAPHIC ale
é i § |, g E E . et o E " LITHOLOGIC DESCRIPTION
V12523 2l .|lele| & Sle s
wilzlz|2)|2 wle|Z|E| w 4] .| &
Z |lz|lZ2|alx Jdlzl@laef = =|lal=
- |2|2|2|a a|E|8|w| = 3|a5|a
- I}
- MARLY FORAMINIFER-NANNOFOSSIL OOZE with intercalated ASH LAYERS
0.5 . ; ] | Foraminifer-nannofossil ooze, varicolored, including white, light gray, light
_ olive-gray, olive-gray, gray, light brownish gray, pale yellow, and pale green,
1 : I o some silty/sandy foraminifer-rich layers.
o]
1.04- — - I 0 Minor lithology: volcaniclastic glass-rich layers with welded pumice at the base,
= = = Section 2, 30-110 cm; Section 2, 125 cm, 1o Section 3, 7 cm; Section 3,
e e o 18-25, 34-55, and 79-114 cm; Section 4, 86 and 103-111 cm; Section 5,
= i (@] 110 cm; and Section 6, 45-56 cm; light olive-gray (5Y 6/2) and gray (5Y 6/1).
= ',"._|: (@] Section 2, 30110 cm, is highly deformed.
R i e ! x| SMEAR SLIDE SUMMARY (%):
o W=y 3
As=nsMnn 2,26 2,140 38,113 6,54
5 B : =gt = | LA M M M M
137 W s, 20
e - - = H
__“;\;,“-:‘%:-’/: | TEXTURE:
Sy freVy Sand 5 35 30 5
31 | sit 5 20 20 20
T v N in Clay 80 45 50 75
qusu S0 2 *
% "I - | " COMPOSITION:
1] . —
@ 4= Quartz 10 10 15 8
§ AR I i Mica Tr Tr 1 -
S . -] — Clay 21 32 16 36
@ 17 0 by Valcanic glass L 20 4 20
Tuzp ooy = | Callcite/dolomite 3 2 5 15
2 qz2 'S = Accessory minerals - 1 2 1
] e I * éeolﬁss - 1 = -
— B Pl b ypsum - 1 2 —
% 2 7 e, “ Micrite 40 5 15 5
w = 91—+ == I Foraminifers 4 1 15 Tr
O 3o 1= = Nannofossils 20 25 25 15
S 8 = J= ; I [ Radiolarians 2 2 - -
®igl=z e e B I
o2 J—+ —+
|+ 4 e e ol E
(S P d= . ==
E :1_ L A L
s A T v T
2 - + \
= @ i+ —+ |}
e~ ™ - e
1+~ It
T —+
o R
2 ==L
®| 5 14| =+
sy l |
1 &
-y iy |
5 i B A I *
3 =
o [
:_ i (e
= = b
o ] - el
= 4L ] -+ 1
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T | :

O 207 = =

7 ol :
35 = g = .
40

SITE .1 I :

6 IS

5 60 1 B B :
65 1 B ;
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SITE 653

SITE 653 HOLE B CORE 7H CORED INTERVAL 2876.3-2885.8 mbsl; 55.4-64.9 mbsf
BIOSTRAT. ZONE/ p
£ |FossiL cHaracTeR | o, A gla
MEIEIE c|E 2|8
e == w o
O w < z |2 GRAPHIC al|lw
e |Llg|z], g gl&|. | umoter | gl 2] LITHOLOGIC DESCRIPTION
- w
g [3]8)|2(3] |8]|s[3]E| B ] Bl i
E|z|Z2|a|= Jl=lWle| E =|lea|=
Fl2|2|2|a x| 8|8 = (8@
= TS [
V== ] A MARLY FORAMINIFER-NANNOFOSSIL OOZE, ASH LAYERS, and SAPROPELS
agl s o 3= A Marly foraminifer-nannofossil ooze, varicolored, including including white, light
4110 24 ¥ ! | gray, dark gray, olive-gray, gray, dark gray, light brownish gray, grayish brown,
§§ : = [—'C_S—F's =1 pale yellow, and dusky yellow-green; foraminite iched in cl
2® 7 il —
a2 e ol ST | Minor lithologies:
4 0] e a)Ash layers, Section 1, 17-20 cm: gray (5Y 6/1); Section 1, 51-55 cm: light
+— = olive-gray (5Y 6/2); Section 2, 76-80 cm: dark gray (5Y 4/1); Section 5,
14— 4 | 50-60 cm: olive-gray (5Y 5/2); and Section 5, 90-96 cm: light brownish gray
B (2.5Y 6/2).
B hd l * b)Sapropels. Section 1, 73-77 cm, Section 5, 60-70 cm, Section 8,
di=t= == 113-116 cm, and Section 7, 35-40 cm: dark olive-gray (5Y 3/2); Section 1,
+— —+ 148-150 cm, Section 2, 0~4 and 69-76 cm, Section 3, 26-32 cm:olive (5Y
919+ —+ 4/3); Section 4, 26-32 cm: very dark grayish brown (2.5Y 3/2); and
45 @ 3+ —+ - Section 5, 97-99 cm: very dark gray (5Y 3/1).
s3e| 2| =kEgva=y [A|¥
g e 2 SMEAR SLIDE SUMMARY (%):
4+ —+ u :
+— -
] 1,149 2,73 2,79 5833 548
i —|—+—|— ‘ M M M M M
N B B TEXTURE:
+ + -+
o ——— G | — Sand 35 5 25 50 10
{E 1 " Silt 10 15 20 25 20
g 3 g e : Clay 55 80 55 25 70
@ = = COMPOSITION:
3 e T I — Quartz 5 4 20 20 5
o 1= == Feldspar - - - 1 —
% o Y e o] u gica 1 1 - 3 Tr
= 1 4 ; lay 10 40 49 13 50
w (= 47 - B Volcanic glass 4 3 - 50 2
O3 o . ' Calcite/dolomite 5 5 8 3 15
== asl e 4 i Tl Accessory minerals 1 1 2 1 1
o | 2|2 24| @ i el N — Opagques,
215 =2 44| @ 4+ —+ amorphous Mn(7) 30 - = =%
w | K 4 e SRR Pyrite - 2 2 1 =
=J [ e t Micrite 15 10 10 5 10
a m g e o = Gypsum - - 1 1 —
3 . ' T Foraminifers 7 4 i 2 2
iy 4 a Nannofossils 20 20 5 - 15
I = Diatoms - 1 - - P
5 t { Radiolarians 2 4 - - T
sy — = Sponge spicules — Tr — — -
S e Silicoflagellates - 1 - - -
o] | Organic matter - a 3 - -
"y *
- ’r“ My — - Pollens - 1 = = —
12 : 5 17 =4 “n 3 T
323 T "
= vis ==
= —+
- -+ —+
11 |}
36l @ [TV
+— —+ -]
1+ —+
i SR T
- -+ =+
6] I —+— —
s M
90 |
T S s L
3se S
solef[ [ ‘71— —+ o
3gle. ]+ —+
—+
49/@ R
B —_ —
&) i L
Er A
S 5 == L
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SITE 653

SITE 653 HOLE B CORE 8H CORED INTERVAL 2885.8-2895.3 mbsl; 64.9-74.4 mbsf
BIOSTRAT. ZONES =
': FOSSIL CHARACTER @ E 2 @
ES clE 5|%
H E d oz: i GRAPHIC 3 E
§ : a zl, g g . irniacy 122 = LITHOLOGIC DESCRIPTION
=l & = = ol a5 0 Z2 2| w
d‘ F|lcs|ald =1 o - - @ o Rl =
¥ |2|2|5|% ol - R =HE e B
= |s|3|=2|=2 2 ||z lw| w glw|=
- L|lZ2|le]|a ala|lo|law| = a|lo| e
33ﬁ ® N - | 1 * | FORAMINIFER-NANNOFOSSIL OOZE with intercaiated SAPROPELS
o == =
A i t ] | Foraminifer-nannofossil ooze, varicolored, including light gray, olive-gray, gray,
057 t dark gray, brownish gray, grayish brown, and pale green; some levels enriched
1 4= —+ - | || in foraminifers.
b1 [
T = T Minor lithology: Sapropels, Section 1, 7-14 cm, and Section 3, §9-107 cm,
T . | dark olive-gray (5Y 3/2); Section 2, 103-105 cm, dark grayish brown (2.5Y 4/2).
[ g, ! SMEAR SLIDE SUMMARY (%);
= VoID |
< . T !1ui12 5,!10:2
w 8 © + —+ |
5 Bl o 1+ —+ TEXTURE:
Q |s|o "lal 3 Sand 25 30
O laele 3 Silt 15 15
b lelZ P il Clay 60 55
= |'e = =i S =l | — *
lj C :—++ = COMPOSITION:
ol . y I
o - - Quartz 2 6
o nepE s Mica Tr -
) 4=z | =5 Clay 5 8
© == — Volcanic glass - 2
- — Calcite/dolomite 5 5
- | LY Accessory minerals 1 1
3 o Pyrite
] | (hydrotroilite) 2 2
- Foraminifers 12 20
o T ) Nannofossils 50 45
S [ TRy s I — Diatoms = Tr
& 4 4 - ‘ Radiolarians 6 5
. } 4 Sponge spicules Tr 1
o CCl — | | Plant debris 1 ~
= Organic matter 8 5
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SITE 653 HOLE B CORE 9X CORED INTERVAL 2895.3-2904.9 mbsl; 74.4-84.0 mbsf
BIOSTRAT. ZONE/ §
E | FossiL cHaracTer |, | & AR
= o = B
@ | @] w sl= a =1
5 |8|5|2 £lg]. URAPHIC alg LITHOLOGIC DESCRIPTION
S12(8]|%|a sle|e] LitHoLoeY | e | 2| o
Sl = = m|8| @ 3 [
W |[ZE|le]|a]|E a|l -|=]2 @ ] I
= |2|2|5|% S1e18|6| # Jlal%
- [=1
= |l2|12|2|a 2|E|15|8] ¥ R
: i o |
S e 0 MARLY FORAMINIFER-NANNOFOSSIL OOZE
b o == e I Marly foraminifer-nannofossil ooze, white (2.5Y 8/2) to olive-yellow (2.5Y 6/8)
0.57] —|—_|_—i— and pale yellow (5Y 7/3) to dark olive-gray (5Y3/2).
1 s [T | Minor lithologies:
+— —4 - * a)Sapropel layers, Section 2, 70-77 cm.
o N b)Foraminifer sand, Section 4, 2-8 cm, white (2.5Y N&/).
Ao o pe | c)Volcanic ash, Section 5, 6069 cm, dark olive-gray, (5Y 3/2). (Intercalation
4 4 | of an ash layer at 64 cm.}
. _+_+_'_* SMEAR SLIDE SUMMARY (%):
g e S | 1,90 3,38 4,3 5,65
41—+ — D M M M
=+ —+ -
2| 4= = | TEXTURE:
T+ ——
- Sand - - 70 15
- 3+ -+l Sit 10 15 20 50
0 1 Clay %0 85 10 a5
. 1=+ —+ |
4+ 4+ COMPOSITION:
] T Quartz 2 4 18
I + -
N Feldspar - - 1 8
1 o ! % | Mica R 1 6
— Clay 30 - 28 20
3 1+ —+ Volcanicglass 1 1 4 40
T —+— Calcite 1 = = G
e e Dolomite - 5 - -
—a == = Accessory minerals 1 2 2 =
1 4= 4= Zeolites Tr 1 - -
e I Gypsum =] - 3 -
w S R Siderite(?) - 2 = e
= -+ 4 |
W |©|o = —1 % Pyroxene - - - 1
Q ||~ h ' 1 Opaques - - - 2
o |a|z S i e | Foraminifers 15 15 40 -
—|=|= 5 ol o I | Nannofossils 50 66 20 3
B -4+ —+ Diatoms - 5 - 2
4 I+ |
1+ —+
: gl i
41+ —+
+ + S
1+ —+1|
1+ —+— -
4 =+ —+ ] ‘
J= b e F—
+ + + L\
5 T—siV—t— ¥
+ +— 4 B
1+ +] [V
I —+
pe —
(28
eLL | i_
: =
g ’ E
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SITE 653 HOLE B CORE 10X CORED INTERVAL 2904.9-2914.3 mbsl; 84.0-93.4 mbsf
BIOSTRAT. ZONE/ .
= |FossiL cHaracTER |, | & 3|
3 = g & 2|
5 § HE big GRAPHIC i
o o= = A ale
e |tlz|z], 3 2|z ] e UThoLosY | g 2w LITHOLOGIC DESCRIPTION
- w w
NHHEHHEBEHAHEE: 3|%|8
= |8|2|g|z= HEAEA IR |83
= w|l=z|x|o ajz|o|w = o|w|w
—_— + —
J = - FORAMINIFER-NANNOFOSSIL OOZE
0 5__'_- _'__+ __|___‘_ Foraminifer-nannofossil ooze, light gray (2.5Y 7/2) to grayish brown (2.5Y 5/2),
R * white (5Y 8/1) to olive (5Y 5/4) and dark gray (5Y 41); color changes are
1 e L gradational and diffuse; burrowing throughout which is particularly observed
== o= —-| * due to dark gray halos around four areas within burrows accentuated by iron
T otk e sulfides. Numerous diagenetic laminae.
4+ -+
S g = Minor lithologies:
T Sy = — a)Sapropel-layers, Section 1,85-87 cm, and Section 2, 42--46 cm, very dark
2 T gray (8Y 311). _
fpr g s bjvoicanic ash, Section 2, 38-40 cm, black (5Y 2.5/1), slightly burrowed.
b iiiticr, ik, SMEAR SLIDE SUMMARY (%):
b [ s = *
B R 1,60 1,84 240 570 6,116
2 - =+ — D M M D M
I .
o PE g E TEXTURE:
e B == sand 5 - 5 2 60
4+ —+ silt 15 5 70 2 10
-*++_+_~ Clay 80 95 25 76 30
3 4 - COMPOSITION:
. —t
-_.++ ] Quartz 2 5 6 1 8
— Feldspar - - 3 3 2
3 :l_+ == Mica - - 2 1 1
e Clay 47 - 24 3 8
e i Volcanic glass - 2 55 Tr Tr
-+ —+ - Calcite 1 B - - -
:F—J— -+ Dolomite 1 8 1 - —
w N —+ - Accessory minerals 1 - - - Tr
= 41—+ —+ Opaques - 8 - - -
w |©|wo e Capes Gypsum - 3 - - -
0= = - + 91 B Analcime - - 4 - -
a 1+ + = Micrite = = D o3
4 el i — Foraminifers 8 - - 3 50
1+ —+ I E Nannofossils 38 65 Tr 55 30
s ey e Flagellates = 1 — 3 s
-t =4 - | Fish remains - - - 1 -
: SRGRape ]| Bioclasts R
i [ ol ] A
: st 111
4 = —+
1
1+ —+
—_— —|._- —
5 :1 —t — %
+= = -
i e I —
E oI i I
4+ —+ 2|
.+ 1 I}
—+ =
T+ .+ | B
= —
e | T
i e el —
6] + —+ -, HH
2 e e o |
= = i
- = —+ I — %
T + ' B
8 e | —
—+ 1]
2 71 1+ —+ !
Q C 4 —+ -
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SITE 653

SITE 653 HOLE B CORE 11X CORED INTERVAL 2914.3-2923.5 mbsl; 93.4-102.6 mbsf
BIOSTRAT. ZONE/ & .
= | FossiL cHaracTER | , | W 2| @
5 oTwle 2l = el
=
88|52 B8] Epale a|§ LITHOLOGIC DESCRIPTION
glzl2|2|a gl LiTHOLOEY | o | B | o
IR 0 ol I = - SR
= |z|2|a]|% qleld|s) ¥ a2
— <L [=]
S HHE HEHHEER HHE
—— _'_ —
oo sy ‘ MARLY FORAMINIFER-NANNOFOSSIL OOZE
P i I — - Marly foraminifer-nannofossil ooze, light gray (2.5Y 7/2 or 5Y 7/1) to light olive-
o e i o brown (2.5Y 56) and olive-gray (5Y 52). Color changes gradational with diffuse
1 g, T ! contacts. Burrowed throughout with a particularly big vertical burrow in
e R Section 4. All burrows enhanced by a halo or edge of dark (iron sulfide) sediment.
] o_f— s = SR Numerous diagenetic laminae.
]+ + !
4+ 4 SMEAR SLIDE SUMMARY (%):
3] == 2,47 4,106 6,126
A L D MM
1+ -+
. o o TEXTURE:
[ e el *
- —+ - Sand 15 10 -~
2 4 -+ —+ Silt 10 5 10
1 Clay 75 85 9%
q4 -+ —+ .
+ 4+ _L COMPOSITION:
4 o == Quartz 1 1 2
+— —+ = Mica Tr 1 -
4+ — Clay 3 s -
4+~ —+— - Voleanic glass Tr Tr -
B Calcite - - 3
-_-+__|_+_ Dolomite 2 2 2
hog Accessory minerals 1 1 2
3 ] o el Gypsum 2 e 5
I, e = l Zeolites = - 1
N = Foraminifers 5 10 10
e = Nannofossils 60 50 70
1+ -+ Diatoms — 4 5
1 — -
% 1 ~= ==
olw - + -
S(_|= ]+ -+
o |a|=Z 2l '
5= = —t == =
a o I N
1+ —+
I 4= 4
-+ -+ —
1 4+ - *
{4+~ -+
1
] 4+~ -+
T -+
1+ —+
T 1 =
s| 1+ —+
o S S
4+ -+ | =
j_ — -
T 4| B
= i o T I —
-+
T —4— = |
1+ —+
1+, T
1+ + || {
6 1 —+ -
{1+ —+
i SRR
1+ —+
] |,
== == —
- -
1+ W
© -— —+ -
& cd 4+ —+ l
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SITE 653 HOLE B CORE 12X CORED INTERVAL 2923.5-2933.0 mbsl; 102.6-112.1 mbsf
BIOSTRAT. ZONE/ i .
; FOSSIL CHARACTER | ,, | & gl
AFEE HE HE
w| == & 5 GRAPHIC ale
§ £18|z], & N Penipl ol pad -1 I LITHOLOGIC DESCRIPTION
IR IR 2% lal3| 2 ZlG |
wilglz|e|e w|lo|ZT|F| w 41 .]&
A HEHHEHHEHEE: HEE
—— _'_ —
I sy FORAMINIFER-NANNOFOSSIL OOZE
. e il Foraminifer-nannofossil coze, white (2.5Y N&/or 5Y 8/2) and pinkish white (SYR
5] == —+ 8/2) to olive-yellow (2.5YR 6/6), brownish yellow (10YR 66), and olive-gray (5Y
1 oA . 52). Foraminifer tests often filled with pyritic framboids. Numerous diagenetic
4 -+ - laminae.
= 4+ -
L. N T I Minor lithology: Probable ash layers in Section 2, 33-35 cm, and Section 4,
<4 —— — l 113 cm.
g =t = SMEAR SLIDE SUMMARY (%):
d = = 4,113 562 6,62
R i ety M D D
Y=
T+ -+ - TEXTURE:
] R
-_+_+_+_ Siit 15 10 20
S P Clay 85 20 80
I ++ ] COMPOSITION:
N Quartz 10 10 8
—— = — Feldspar — - 1
= +— + = Eoolcanicglass 10 3 5
a | lomite 2 2 2
-_+++_ | Accessory minerals - — 2
— m 2 Tr 2
3 = Zircon Tr Tr =
T == A Pyroxene - 1 -
d == =4 Foraminifers 10 10 10
-+ 4+ | Nannofossils 84 72 68
1+ —+ Diatoms 2 2 2
P~ 3= 4
w( (2 H T+ 1|
w |wv = +— —_ =
=
S . 4+ —+ =M
© Lo = == =
- o d—+ —+| .
+ + -
= Ly 1+ —+ ;E
- ==, =
1+ —+ i
_"Fﬂ-vﬁ' *
1+ +| FH
N =+ =]
1+ —+
T —= -
1+ =+
- —+ —l |
5] 1+ -+ *
= - - t
o i o
.1
J = 4
T+ + -
14+ —+
—_ + —
1+ —+
- ==
-1+ —+
6] 1+ —+ - "
4=+ —+
I
1=+ =+ | [\
T +— 4 =
1+ —+
O I —
@ 7 1+ —+—| B
- = —i— —
i cG 4 4= 4=
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SITE 688 HOLE B CORE 13X CORED INTERVAL 2933.0-2942.5 mbsl; 112.1-121.6 mbsf
BIOSTRAT. ZONE/S §
E | FossiL cHaracTer | , | © 2o
z A= EN -
AOEE HE: 2|2
g |u|z|= A ARAEAIC alg LITHOLOGIC DESCRIPTION
8%'6:5(» gggzmumuwm gga
g |3|212128| |8|s|Z|E 8 I E
el z|lala Sl =lw]| o - =|loa| =
SHHHEBHHEE: HEE
—— _+. —
T IO . t NANNOFOSSIL and FORAMINIFER-NANNOFOSSIL OOZE
i I Nar il and foraminif il 0oze, white (2.5Y N8/ or 5Y 8/1) and
e R i — light gray (10YR 7/1, 2.5Y 7/2, 5Y 7/2) to brownish yellow (10YR 6/8) and yellow
1 +— = 1 = (2.5Y 7/6). Homogenous in texture and composition; color changes are
o e A — gradational over indistinct boundaries. Some diagenetic laminae.
T+ =
101 4 : i SMEAR SLIDE SUMMARY (%):
4. -
] 2,60 593 659
1+ —+ - Rl
- + B
3=t +—| TEXTURE:
Sy t
1+ —+ Sand 0w = =
o LT S * | sit 20 25 20
2 i S T . Clay 80 75 80
i .
A COMPOSITION:
LG Quartz 1 1 1
Jo i Feldspar 4 4 2
- il Mica 1 Tr -
—_ = Clay 14 12 A
3= 4= Volcanic glass Tr Tr -
3] Calcite & 2 -
h o el Dolomite = 7 1
- | Accessary minerals 1 1 -
a| 17+, Opaques - =— 1
I + | Foraminifers 10 10 3
4= Nannofossils 70 70 50
4+ 4+ Bioclasts = = 1
1+ —+ ||
. + 4+ -
w b ]
2 =e C lasin ol |
- == N
é -+ -+
4l I,
1+ —+
_’— e i
=4 = —+
. - -+
o i do = +—|
° 1+ - S
1+ —+
1+ —+ -
]+ =+
e -+-— —
5| 1+ —+ ||
3+ -+ .
1+ —+ || &d*
T + - | 1]
- -+ —+ —
T+ + -
-+ —+
T + 1 =
1+ —+
= I -+ ] —
= o ol — ¥
6] 1 —+ —
1+ —+
F
1+ —+—| B9
I .+ 1 L
R T —
—+ |
© 7] 1+ —+ |4
S e . B
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SITE 653

SITE 653 HOLE B CORE 14X CORED INTERVAL 2942.5-2951.9 mbsl; 121.6-131.0 mbsf
BIOSTRAT. ZONE/ "
E | FossiL cHaracTER | o, | & 2w
B G| e S|
- | 2122 =B 1 I
o |Wlg|= =& GRAPHIC asle
e ‘g s|l&|, s 2 E LiTHOLBGY ol = LITHOLOGIC DESCRIPTION
' g el ) || 5]|3]| = EX R
W =|le|lal|o =1 -] == x o o
] |l z2|=| w|o|=| - i = .| &
|l z|la| <« Jlx|lw| o = =|le| =
S I = - S| E|3[8] = E|le|a
T = —
=iy = FORAMINIFER-NANNOFOSSIL OOZE
2 E Foraminifer-nannofossil coze, white (5Y 8/1) to light olive-gray (5Y 6/2) and
08 = - - pale olive (5Y 6/4). Color changes are gradational; homogenous texture and
4+~ +— ' compaosition,
L] I I | &
u T+ + 4B SMEAR SLIDE SUMMARY (%):
= 1.0
W p|@ 3 2,87
o - T = o
° |z % Ji—t= —=
= [= = -+ | TEXTURE:
I +— ./ St 20
S l — Clay 80
2 N
e s | COMPOSITION:
T = -
= - Quartz 1
w ] — —+ o t Volcanic glass 4
3 . Dolomite 4
Accessory minerals 1
Zircon Tr
Foraminifers 9
Nannofossils sl
Diatoms 5
Flagellates 5
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SITE 653 HOLE B CORE 15X CORED INTERVAL 2951.9-2961 .4 mbsl; 131.0-140.5 mbsf
BIOSTRAT. ZONE! 2
£ | FossiL craracTER | | z|n
AT Ce 2|2 2| &
g |Elz|= ¢15]: SEAPNIC HE LITHOLOGIC DESCRIPTION
S lz12|&l,, glzlE ~ LITHOLOEY e| 2| w
= | = = = w| S L Z|lE|w
w|Zle]la|3 al 1212 = =l Rl
= |l z|=|£F wie|z|kE w S| -] &
gl Z|a| < = = lw|l o =|le|
S B = -3 s I8 2 SR
- _!_. —
1= —— NANNOFOSSIL OOZE and FORAMINIFER-NANNOFOSSIL OOZE
© -+ -+ - " " . P "
w - ooze and fc -nannofossil ooze, white (2.5Y 8/2) to light
L ] 9573 + 4+ * gray (2.5Y 7/2) and yellow (2.5Y 7/6). Color changes are indistinct and
1 —'__|_+_|_“ gradational, Texturally and compositionally homogeneous.
@ 1 0:— —+ = SMEAR SLIDE SUMMARY (%):
o R l
+ —: [ ‘ID,BO E&'Ia
1+ —+
] +“_ +j TEXTURE:
- + Sitt 10 15
2 1+ —+ Clay 0 85
L4 = ——
2 3= _.;_J COMPOSITION:
T+ —+
3 Quartz 2 6
2 4=, + Clay 0 -
4 Volcanic glass Tr 3
S e —'—:] Dolomite - 3
-— —+ Accessory minerals
-t —+ Gypsum - 2
= —+— Foraminifers e 15
P Y Nannofossils 75 68
~ g g o Diatoms I
'3 Foap s s Sponge spicules - 1
3 2 SRS Flageliates - 2
1+ —+
@ —+ =
° 1+ -+
+— —+
—~+=: —+=
= i
w |20 41—+ —+
Q |=|= i =
e 8= & ] —e—+—+— |
arll L *la] + +
o 1+ —+ |
- — -
° e M S,
° - 4 |
s e N
P b = |
4+ —+
T+ + = [
2 i =t 1
H - + H =
s| 3+ -+ []
— -+
© B oo —t—
© 4 e A
. 4=+ —+| H
s =]
= =
+ = 2|
J—+= —+ [—
2 +— —+ I -
° -0+ —+
5] + +
A== == =
~ g4 + 94
2 4+ —+ $
i s o
== ==
-+ =
1=+ —+ i
! = —+— - [ :___—'
© = 1+ —+ I =
< 1 1 -+ 1 ﬂ .
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SITE 653

SITE 653 HOLE B CORE 16X CORED INTERVAL 2961 .4-2970.9 mbsl; 140.5-150.0 mbsf
BIOSTRAT. ZONE/ i
£ |rossiL cuaracter| , | & 3|a
3 ©|E S|
| ®| o -l = |~ [
¥ |8 z|2 by GRAPHIC zZ|&
8 lw § T § 2| x LITHAL e o1z = LITHOLOGIC DESCRIPTION
T1212|3|% HNEER =54
W | 2|S|a]|s al-l=] 2] Sle| s
z|2|2|5|k “121&|5]| & 2lal3
- <
S HEHH B R HEHE
T == =
1+ -+ NANNOFOSSIL OOZE and FORAMINIFER-NANNOFOSSIL OOZE
0_5_-_ _|_+ __+_'— l Nannofossil coze and foraminifer-nannofossil coze, light grayish green (5GY
o i o 7/2)to greenish gray (5GY 6/1), and white (2.5Y N8/ or 5Y 8/1) to yellow (2.5Y
1 T 7/6) and light olive-gray (5Y 6/2). Color changes are indistinct and gradual.
Hriempi | ] Core s texturally and compositionally homog with exception of graded
R o foraminifer sands. Common diagenetic laminae.
B
e Minor lithology: Foraminifer sand, Section 2, 139-144 cm, and Section 3,
1+ —+ 99-101 cm, white (2.5Y N8/), Lower foraminifer sand is indurated.
= = i
1= SMEAR SLIDE SUMMARY (%):
— —+
2,143 3,101 4,60 6,90
] +—l—+ M M D D
2] 14 —+ TEXTURE:
1 e Sand 70 70
i e, S = =
4 —— . —] Silt 5 25 15 10
1+ —+ i Clay 20 5 85 90
F COMPOSITION:
1 —+ 4
2 i == Quartz 1 2 2 2
1+ -+ Feldspar - 4 e -
[ I UG Mica - - Tr -
E Clay 8 4 15 -
3 -,_+_.|__+_. Volcanic glass - rd - 3
by o L - Calcite - 2 - -
1 2 e Dolomite - - - 3
i } Accessory minerals 1 = == -
1=t = * Zeolites Tr - Tr -
r — —+ Gypsum - - - 1
w ® 91—+ —+ Micrite = = 1 =
> 1= e, Foraminifers g 352 11 10
w |- o 4 + —+ Nannofossils 70 77
Q == =4 2 Sponge spicules = 1 ™ 1
Sla|z 2 ol Flagellates - - 1 3
- =)=z -+ —+ Spar cement - 2 - -
—I 4 T == *
o =
By ST o
—_-— + —
= s R
= o T
b e MG o
= 4+
- == —+
g =
== ==
——— _|_ -
5 K e oatil o
4— —+
e s RN o
3= == -
=4+ —+
5t -
-+
- _|_ —
1+ —+
—_— + —
ST s oL g
6 o el R
I == =
T -+
4 = -+
R el e W
i e e
=t =
7 R ol o
+— —+ |
4 == =
< CC ol e i
' s o
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SITE 653

722

SITE 653 HOLE B CORE 17X CORED INTERVAL 2970.9-2980.5 mbsl; 150.0-159.6 mbsf
BIOSTRAT. ZONE/ 2|
E | FossiL cHaracTER | , | © ol
S lalele e|E 2|
(5|52 w g GRAPHIC z2|5
e |Llel=z 5l8| & LiriioLoed 112 LITHOLOGIC DESCRIPTION
21| =|¢ HEHERE H R
w|3|g|2|8 Elalz|E]| & =E 6l B
] _|_+_|_ [ FORAMINIFER-NANNOFOSSIL OOZE
o . ++ +_ ] Foraminifer-nannofossil coze, white (5Y 8/1) to light gray (5Y 7/1) and and pale
LD S il | yellow (5Y 7/3), colors gradational.
! 51 _|—'+—[_ | Minor lithology: foraminifer-sand, Section 6, 75 cm, light olive-gray (5Y 6/1).
VO i I SMEAR SLIDE SUMMARY (%):
1+ —+
1+ —+ | 6,75
+ ] M
s e e o I TEXTURE:
+ +~ 4]
9 == == |4 Sand 50
- 1= - | Silt 20
2 o4 == — ! Clay 30
4 _|_+__|__ I COMPOSITION:
s i ey Quartz 2
q4 1+ = | Dolomite 2
e i et I Accessory minerals
b T Gypsum 1
= —+ - | Foraminiters 50
4 4+~ =+ | Nannofossils 45
I -+ 4]
sl 3+ —+|:
T, ]
1+ —+
—+ = =
1+ 1|
@ - +— .
i . 1+ =+ ’
z = whm =
u o0 4=+ —+ l
=% = —+ —‘
o L 4+ =+
i o + + 4 I
a: 1+ —+ .
+ —+ - I
-4+ —+
= o+
4 - ] |
- + .
1+ 4+ -
1+ —+
+ + = L
1+ —+
0 3= == T
1+ —+
= +
e
i
-+ -+ Y
T+~ —+ - t
1+ —+| [
1+ + 4
-4 -+ —+
[+ = == o t *
6 o = =y
| s o [
1+ —+
T+ —+— -
1+ —+
—+
7 1+ == %
- - 4+
~ - | [
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SITE 653

SITE 653 HOLE B CORE 18X CORED INTERVAL 2980.5-2989 .4 mbsl; 159.6-168.5 mbsf
BIOSTRAT, ZONE/ N ]
; FOSSIL CHARACTER | . | W g2la
>lelale £k 5l
-AHEHE HHE srapwe | 3| LITHOLOGIC DESCRIPTION
21z2|8|%|w Slz| & LITHOLOGY | o | 2| o
1212|332 2|2|5|E] = z|l=l B
L1183 3 sl |lz2|2| = 0%z
:|=|2|l5|% wl2l&lsl B =l et
Fl2|12|&|a slE|5| 8| 5 AR
—— |
7 ._|_+-_|_- ‘ i) FORAMINIFER-NANNOFOSSIL OOZE
0.5__ _|_+ —-F—-‘ ——‘ Foraminifer-nannofossil ooze, very pale brown (10YR 7/4) and light gray (2.5Y
= I - t T2 or5Y 7/2) tolight yeliowish brown (2.5Y 6/4), pale yeliow (5 8/4) and pale
1 1 olive (5Y &/4), colors gradational. Few large burrows (up to 3-cm diameter),
q ==, = often oval, with diagenetic halos of dark (iron sulfide) sed Sediment fil
1.0—_'_|_+_’_"- t in burrows is enriched in foraminifers. Few diagenetic laminae.
+ + ! SMEAR SLIDE SUMMARY (%):
4+ —+ 4/
i { 2
-—+++“ TEXTURE:
B S ‘ Silt 5
2 4+ —+ Clay 95
29 _|_+._+_. COMPOSITION:
. 2= 5 Tr
o Y ] e :
T, Clay 15
1+ —+ Accessory minerals
= = Gypsum Tr
4 G- == Micrite 20
- 4= = Foraminifers 5
= e s Nannofossils 60
3 1 4 Flagellates Tr
=1 #*
1+ —+ {
4+ + - |
Wy 1+ =+ | [
] 4 =+ -
3R e e 1+ —+
o |a|=z - —+ -
o |1Z|F 4 == ‘
a - + -
g+ - t
—_— + ]
H 4 - &
- gty I I
-4+ -+
e M I
z i+ -+
° - —+— -
1+ —+
hahd iy
1+ —+
i o B ——
5 3—1— i
e I —
e e =
- + - [
1+ —+
I+ + -
-+ + | E=
T + 14 =
1+ —+ | B
e
& b R i
- +— 4
I+ "=+ [T
I+
1+ —+ _L
I + 1 =
1+ —+ | F
-+ !
S 3+ =+
© T~ + 1 =
= -+
e CC - —+— - =
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SITE 653

SITE 653 HOLE B CORE 19X CORED INTERVAL 2989.4-2998.9 mbsl; 168.5-178.0 mbsf
BIOSTRAT, ZONE/ » .
g FOSSIL CHARACTER | , | ul 2la
2 lalol|le cle 2 5
o I E‘, E ol g2
g £l M ilelE|. oo |28 LITHOLOGIC DESCRIPTION
' Ssle|3] = = o| o @ Z|le|lw
wl3(g(2)8 Ela|lz|E| & 3% 2
gl ZE|a|a d] =l w| o - 2lal =
S = |86 = (8|2
. _,._.+_._ ' FORAMINIFER-NANNOFOSSIL OOZE
0 5._--— ++ _'___ | Foraminifer-nannofossil coze, varicolored, including white, light gray, gray, light
" e ‘ olive-gray, light yellowish brown, and pale yeliow. Some foraminiter-rich layers.
L e | { SMEAR SLIDE SUMMARY (%):
o, T T
4+ —+ iiaz
T —+ =
S o e il TEXTURE:
i+ —+ Sand 35
+ +~ 41 Sit 15
i s e Clay 50
FJ= o
2l 1=+ =+ COMPOSITION:
.+ (0] Quartz 3
e e el e Mica ;
= il ol Clay 10
== Accessory minerals 1
9 .~ . Foraminifers 35
T == Nannofossils 45
i s Radiolarians 5
1+ —+
= =
el
o Ty
i i i
— .._+_- —
1+ —+
i LSSy _L
1= .~k
= — 4 - T
w | 4+ —+
O = e T =t -
° % Jd+ —+| F5
=) 4 b i e ‘
i 1+ —+
@ += = = ‘
0 == ==
® i SR EOR R
qis =
17 B
4+ —+ T
i s
]+ —+
S paii o (I ——
5 8 e M o -
3= = -
A== =+
A il el
4+ —+
- —+ -
-+ }
2 s
| = =
i i U |
o e i
6 d= ==
I+ +| |}
S = =
1=+ —+ =
i elior
4+ —+
b el
o T
7 y AN L
o e [ A
S cel T+ —+ -
= i
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SITE 653

SITE 653 HOLE B CORE 20X CORED INTERVAL 2998.9-3008.4 mbsl; 178.0-187.0 mbsf
BIOSTRAT. ZONE/ .
£ | FOSSIL CHARACTER | , & 2w
S al=l= =& 2| g
g | Ak g k|, ERARHIC a g LITHOLOGIC DESCRIPTION
gl1z18|%|w S| E|E 2|, | vimHorosy |l E| g
IR 2l 22| & 1
z |2|2]|5|% sle1s|s| # 2a]|3
I = -3 a|E| 5|8 = E|l8|a
. _|_ -
T e s FORAMINIFER-NANNOFOSSIL OOZE
05 . _+__+ +“ Foraminifer-nannofossil ooze, light gray (2.5Y 7/2 or 5Y 7/1), to yellow (2.5Y
S 7/6), light yellowish brown (2.5Y 6/4), dark gray (5Y 4/1) and pale yellowish
1 4~ —+ green (10GY 7/2).
1+ —+
s = S SMEAR SLIDE SUMMARY (%):
) i p 3,119 5,69
) B ,119 5,
d == = Mo M
] _|_+_|_“ TEXTURE:
- 4+ - Sand 25 35
1+ —+ t it 20 15
= == = Clay 55 50
2 4+ —+
- -+ _1 COMPOSITION:
“,_+++_ ‘ Quartz 5 5
] Mica Tr -
4+ —+ t Clay [ 2
. <. = Volcanic glass 1 1
1+ = Calcite/dolomite - 3
+— —+ Accessory minerals - 1
- -4 — g)l'auconlla 1 -
s - rite 1 -—
=] +++ Micrite 10 10
3 2 T M| Foraminiters 25 35
i Nannofossils 45 40
s +++ Radiolarians 3 3
1+ —+ | =
© -— —— *
w H o i i | T
= o~ - -t -
L o 1+, +1]
O ||z - —+— I
o |a|z n =
a 7 o S i s (R o=
e
= = o (|
—+  —+
=+ S
1+ —+
- —+ -
1+ —+
+ +~ 4 [}
1+ —+
R _'_ —
5| 1+ —+ i
- +
1+ —+
1 —+ -
1+ +—| =
- —+ -
—+ -+
—_— _|_ —
1+ —+ ]
+ + H H
J4+ |
6] I+ —+— -
1+ —+ |
3 + 4
1+ —+ l }
= -+ -
1+ —+ | !
-+ -
7 3+, + t
- —+—
© - -+ = i
(3] cCl T+ —+— -
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SITE 653

SITE 653 HOLE B CORE 21X CORED INTERVAL 3008.4-3018.1 mbsl; 187.0-197.2 mbsf
BIOSTRAT. ZONE/ -
; FOSSIL CHARACTER | ,, | & 2la
o = =
; g 3 g ; § GRAPHIC '2_ %
@ a | =
g Iil- § E . 3 2lE|. . LITHOCO%Y o g _ LITHOLOGIC DESCRIPTION
] = = w| o p— w
THHHHBEHHEE: ElME
HHHEHBHEEEHE 2|83
. ==~ 1
a [T FORAMINIFER-NANNOFOSSIL OOZE
PR Il () = Foraminifer-nannofossil 0ozs, light yellowish brown (2.5Y 6/4) and white (5Y
n —1 8/1) to pale yellow (5Y 7/3), pale olive (5Y 6/3), gray (5Y 5/1), pale green (10G
] T i — 6/2) and grayish green (10GY 5/2).
1+ —+
o 1 SMEAR SLIDE SUMMARY (%):
i Ui 3,103 577 6,115
+— 4+ - 5 3 F
1+ —+ D: M D
] _|_"'—_|_— — TEXTURE:
- —+ l Sand 20 3 25
q =t —t— Siit 10 25 10
T 4+ Clay 70 72 65
2] 4=+ —+
+~ -+ - t COMPOSITION:
g B Quartz 2 2 3
- Mica T Tr r
4+ <] é Clay 1 16 9
+— —+— -1 Volcanicglass Tr 1 2
1+ —+ Calcite/dolomite 2 5 5
= =t = Accessory minerals 1 1 1
. Opagques
~_.+_+.+# (hydrotroilites?)
- organic matter(?) 2 - -
al 4+ —+ ks z 7 .
I=. o= = Micrite - 10 -
4 =4+ -t Gypsum(?) - - 1
4 = = |}|x]| Foraminiers 20 3 2
1+ -+ Nannofossils 60 60 50
4 — Radiolarians 2 - 3
3 -'__|_+_|_ Silicoflagellates - 1 -
1] L] 31— 4 ]
Z ol 4=+ —+
O |=I= T+ —+ -
o= Jd—+ —+ ‘
- T e o
o 1+ —+
= = ]
-1+ —+
+ +— - i
1+ —+
— -+ ‘
1+ —+|]
T —+ - '
1+ —+ |
e e
5| 1+ —+
3+ 4+ A | t x
-+
e | .
41—+ —+
T+ -+ - t
—— =+ |
—_— __'_ p—
1+ —+ |
- —_ -
-1+ —+ | l
6] I —+— -
—+
= |
*
3 voID
. :_—f——+-—+—_ | '
o ] —f—+—|— |
© 6 I = ]y i
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SITE 653

SITE 653 HOLE B CORE 22X CORED INTERVAL 3018.1-3027.6 mbsl; 197.2-206.7 mbsf
BIOSTRAT. ZONE/ .
; FOSSIL CHARACTER 2 E g @
AR EE £l B B2
§ g % é m s ;’ & = L?f::f;* ; é " LITHOLOGIC DESCRIPTION
1 =| w = = w = w
HHHEHBEHAHHEE: IME
Flel=z(z|5] |Z|E|5|8|¢ S
+ 4+ | t
L A FORAMINIFER-NANNOFOSSIL OOZE
0 5:_++ _’__* | l Foraminifer-nannofossil ooze, light brownish gray (2.5Y 6/2) and light gray (5Y
. 7/1) to olive-yellow (2.5Y 6/6), olive-brown (2.5Y 4/4), pale yellow (5Y 7/3), and
il Hm T olive-gray (5Y 4/2). One indurated layer in Section 3, 46—49 cm,
1=+ =14
1 .0 = = SMEAR SLIDE SUMMARY (%):
4 -+ —+ |
4 e 3,47 6,41 694 CC10
1+ —+ i t M D D M
] ++ ] TEXTURE:
T I l Sand 25 3 15 5
__"l_—l— =t Silt 10 10 10 10
5 = e A= [ l Clay 65 87 75 85
44+ —+
" S 14 COMPOSITION:
‘l_f'__+_+_4 I t Quartz 5 1 3 2
- IR Mica - - 10 Tr
] [ Clay 5 11 - 6
o= ‘ Volcanicglass - 3 Tr Tr
1=+ Calcite/dolomite 2 3 2 5
4 —+ l t Accessory minerals 1 - 1 1
4~ Opaques 2 = = =
g T L ] * Gypsum - 2 1 -
= Pyrite ~ = 2 1
©|3 ;‘_+++_ Micrite = 4 8 —
Foraminifers 25 4 8 5
o Ji= == l ‘ Nannofossils 60 70 65 80
—+ + - Diatoms = = I =
1+ —+ l Radiolarians r L
+ 4+ Sponge spicules Ir 1 Tr -
w —_— = ] Silicofiagellates Tr Tr - -
= fre= ‘_|"" L
| N ]+ = }
8 lz|z + + 4
25|z J+ —+
2 sl T+ o
0. 1~
+— 4+ A |
4+ —+
+ +
41—+ —+ |
T+ —+
{1+ —+ }
+ + -
]+ -+ {
i _|_ —
5] 1+ —+ t
3+ + -
1+ —+ i
1 —+ -
4+ —+ t
T+ +
T+ —+
J—= == |
— — — *
6] I+ —+ u
4+ —+
Tl ! *
4+ —+
- + p
4=+ =+ ‘
+
11—+ —+ ‘
7 B e v
© E —+ “
S cel 4+, + *
T
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SITE 653

SITE 653 HOLE B CORE 23X CORED INTERVAL 3027 .6-3037.0 mbsl; 206.7-216.1 mbsf
BIOSTRAT. ZONE/ @ -
'E. FOSSIL CHARACTER | ., | w 2la
S5 alale 2l & Bl
g8 z|2 2)E] i Y LITHOLOGIC DESCRIPTION
21z|2|%|e glelz|. LiTHoLOGY | o | 2|
] = | & J| = = w| o o Zlhlw
wl 3|lg|2(8 Slw|z|c| B I E
Z |x|2|a|k Jlz|lm|le| = Zlal =
F|E|2|2|a |E| S| 8| = e @
+— —+ —
o I FORAMINIFER-NANNOFOSSIL OOZE
- 3 5_'_ ] * Foraminifer-nannofossil ooze, varicolored, including white, light gray, pale olive,
L] E _l_**“ -+ light alive-brown, reddish brown, brownish yellow, red, and black. Reddish
1 . o e brownish colors dominant downsection; some -grained intercalati
i B e (foraminifer-rich layers}); drilling breccia in Section 5, 55-75 cm.
ol Lo, =+ - ol ——
© Y+ 4+ t Minor lithologies: Quartz- and fc -bearing us sandy mud, CC,
b 2 23-30 cm, dark gray (5Y 4/1).
1+.+1 It SMEAR SLIDE SUMMARY (%):
3 = == I 1,42 2,00 394 558 CC21 CC28
= —+ - M M D M D D
] 3 = ]
° 5 I == - t TEXTURE:
1=+ =+
B SN sand %8 70 10 3 25 30
& E i 6 *| sit 15 10 5 10 20 20
4 o i Clay 55 20 85 87 55 50
° = = [
] -i—_+__—l— E COMPOSITION:
1+ =+ [ Quartz 10 10 8 2 1 15
w 3= 4= - Feldspar = - - = =2 Tr
1 Mica - Tr 1 1 1 2
i e O ° 4 ++_ Clay 2 2 ~ 7 - 19
O |—|= e — . Volcanic glass - Tr - Tr 1 1
o |a|z sl 1 Calcite/dolomite 5 3 1 2 2 8
= == 3 S ++— Accessory minerals 1 1 1 1 1 2
4 —+ * Opaques 1 = — == = -
* P ~ =, ~, = Gypsum $ o e o e B
° 1+ —+ Limonite(?) - - 4 3 - -
T o o Micrite =h 10 = 2 4 15
s B Pyrite - = = = = 1
- = Foraminifers 30 €0 10 2 20 10
] f | Nannofossils 45 10 75 80 70 25
1+ —+ Radiolarians 4 2 ki Tr 25 Tr
“» N Sponge spicules - 1 - - - -
. o | Silicoflagellates - 1 A 25 i =
®*l, +— —+ Plantdebris(?) - - - r - -
14+ —+ |
o| | o]
n - = == |
° - + - ‘
1+ —+
-+ ]
1+ —+
T+ —+— l
g 1+ —+
° 5] R TS T
- = ‘ »
1+ + -
5 o —+
2 el =, =
(3] N e ¥
2lo
z o)
< o
z |E
—_ | 4=
“ =
|3
= |c
(=]
=
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SITE 653

736

SITE 653 HOLE B CORE 24X CORED INTERVAL 3037.0-3046.6 mbsl; 216.1-225.7 mbsf
BIOSTRAT. ZONE/ p
'5' FOSSIL CHARACTER | ,, | W gla
S lel=le] | 5|5 |2
“ | El=|2 Wila GRAPHIC ale
§ % § g, § % E . Tpenipen : 2. LITHOLOGIC DESCRIPTION
NEIFIELE 3 I - - Zle |8
wlglzl2|2 wleo|Z|rF| w 41 L] &
3 | S|lal|lk Jlr|W]| e = dlal=
F|2|2]|2|s | |58 % R
=2 1
ol || % | NANNOFOSSIL OOZE, MUD, GYPSIFEROUS SAND, and GYPSUM
g * Nannofossil coze, light gray (2.5Y 7/2), Section 1, 5-8 cm. Marly nannofossil
— ooze, reddish yellow and red (7.5Y 6/6, 10R 5/8), Section 1, 8-23 cm); entire
(| layer a series of drilling biscuits.
Ry — | *
= | L -4 ¥ Mud, grayish brown (2.5Y 5/2), Section 1, 23-53 cm; streaks of underlying
— gypsiferous sand throughout seem to have been injected between biscuits by
2 ek | drilling.
o %
= 3 » Gypsiferous sand, grayish brown (2.5Y 5/2), Section 1, 53-98 cm; slight
@ | 9 +. I * suggestion of normal grading in upper 20 cm and vague parallel laminations
0 "u‘_' ¥ may be drilling disturbance. Upper contacts of layers in Section 1, 8-98 cm,
o disrupted by drilling, but appear to have had sharp, well-defined boundaries.
c 2 Sandy mud, grayish brown (2.5Y 5/2), Section 1, 88-99 cm; thin clay layer
@ within sand unit may have been injected during drilling. Gypsilerous silty sand,
o light olive-brown (2.5Y 5/4), Section 1, 99145 cm, and CC, 020 cm; vague
ﬁ c parallel lamination may be drilling disturbance.
|
= b Gypsum, base of CC; nodules and coarser laminae are pale yellow (5Y 8/3)
prun} g it and white (5Y 8/2); matrix and finer laminae are pale olive (5Y 6/4) and pale
0 oz yellow (5Y 8/3). Rounded piece (7 x 5 cm). Wavy laminations with nodules
S —|= within coarser laminae have chicken-wire texture.
-
Z |e SMEAR SLIDE SUMMARY (%):
» 1,5 1,10 1,50 1,80 1,88 1,13 CC
S D o D0 © D
N
L TEXTURE:
2 Sand 5 5 10 70 30 60 60
22 Silt 10 20 40 25 40 30 30
c Clay 85 75 50 5 30 10 10
s COMPOSITION:
5 Quartz 2 3 10 15 15 20 20
c Feldspar - - 2 3 — 1 —
=] Mica - - - 5 5 2 15
= Clay 20 20 30 - 15 10 -
Volcanic glass 2 2 5 5 5 15 10
Calcite - 10 - 10 - - -
Dolomite 5 10 5 10 15 15 10
Accessory minerals 4 - 10 10 5 ] 10
Gypsum 5 10 13 40 20 30 30
Pyroxene - - - — — 1 —
Opaques = 10 o == - — =
Analcime - - Tr - = — —
Foraminifers 5 - 25 2 — — —
Nannofossils 50 33 25 - 20 - 5
Sponge spicules 2 - - - - - -
Flagellates 5 2 - - - - -
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SITE 653

HOLE B

CORE 25X

CORED

INTERVAL

TIME-ROCK UNIT

BIOSTRAT. ZONE/
FOSSIL CHARACTER

LS

FORAMINIFERS
NANNOFOSSI
RADIOLARIANS
DIATOMS

PALEOMAGNETICS

PHYS. PROPERTIES

CHEMISTRY

SECTION

METERS

GRAPHIC
LITHOLOGY

BED. STRUCTURES

SAMPLES

LITHOLOGIC DESCRIPTION

MESSINIAN

"non-distinctive® zone from laccarino and Salvatorini,

1982

1T 77

m,/\}—‘\\\\\\ DRILLING DISTURB.

GYPSUM and GYPSIFEROUS CLAY

Nodular gypsum, olive-gray (5Y 5/2), light gray (nodules) (5Y 7/2), olive (5Y
5/4), and dusky yellow (matrix) (5Y 6/4), Section 1, 0—46 cm. Nodules with
chicken-wire texture where not recrystallized to selenitic gypsum or anhydrite;
matrix between nodules has wavy laminations.

Laminated gypsum, olive-gray (5Y 4/2, 5/2), gray (5Y 5/1), white (5Y 8/2),
Section 1, 46-87 and 95-99 cm. Wavy laminations, "partings", laminae 1-4-mm
thick; small normal faults with millimeters of throw.

Gypsiferous clay, very dark gray (5Y 3/1), olive-gray (5Y 5/2), olive (5Y 5/3),
light gray (5Y 7/1), pale yellow (5Y 7/3), olive yellow (2.5Y 6/6), and white (2.5Y

3046 .6-3056.2 mbsl; 225.7-235.3 mbsf

8/1), Section 1, 99-132 cm, and CC.

Minor lithology:

a) Siltstone, carbonat

d, Section 1, 87-985 cm; occurs as a broken

fragment rounded during drilling, thus bedding relationship to surrounding
gypsum and gypsiferous clay cannot be determined.
b) Black shale, Section 1, lower 4 cm. Fissility natural or due to coring

ion?

compact

c) Broken large selenitic gypsum crystals, as large as 5x 15 mm, often as
lenses within a clay matrix, lower CC. Layer of broken gypsum crystals with
little clay, lower 5 cm of CC.
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SITE 653 HOLE B CORE 26X CORED INTERVAL 3056.2-3065.8 mbsl; 235.3-244.9 mbsf
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ol . E AR CALCAREQUS GYPSIFERQUS MUD with NANNOPLANKTON, alternating with
oo 5 ;\_[E\_ ! SELENITE GYPSUM
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© L N | — Calcareous gypsiferous mud with nannoplankton, dark gray (5Y 4/1), gray (6Y
et 1 - NN B 5/1, 6/1), olive (SY 5/3), light olive-gray (5Y 6/2), and pale olive (SY &/3);
£ 7 NN | alternating with selenite gypsum, olive-gray (5Y 5/2) and light olive-gray (5Y
e 1 0_: NN - = 6/2). Crystals broken along split surface of core by culting.
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SITE 653 HOLE B CORE 27X CORED INTERVAL 3065.8-3075.5 mbsl: 2449 .9-254.6 mbsf
. | BloSTRAT. zoNe/ o .
g FUSSIL CHARACTER ol g g
> lelefe £l 5|2
O |Wlg|= =z| 3 GRAPHIC al|e
2 2|2 g, El g E . LITHOLoeY | g = LITHOLOGIC DESCRIPTION
E R 2| lele| & 218y
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I MUD and SILT
o™ | * Mud, light olive-brown (2.5Y 5/6), light yellowish brown (2.5Y 6/4), olive-yellow
[s+] g fate (2.5Y 6.8), light gray (2.5Y 7/2), olive (5Y 5/3), and reddish yellow (2.5YR 6/6),
o 1 Sections 1, 2, 3, and Section 4, 0-13 cm., Includes numerous selenite gypsum
o | crystals. Intervals of i coring by vertical and
. . convolute king and disp ite layers.
= I = Silt alternating with mud, colored by contents of limonite and hematite, reddish
B ' yellow (7.5YR 6/6, 6/8, 7/8, 7/8), olive-yellow (2.5Y 6/8), red (10R 4/6, 4/8),
-— | and gray (10YR 6/1, 5YR 6/1), Section 4, 13-150 cm, Section 5, and CC. Silt
@ = ! and mud alternate with both distinct and indistinct boundaries, presumably the
= - result of coring disturbance; chips of black shale and selenite gypsum mixed
i 7 I in throughout.
w N
L=} = Minor lithology:
= 2 - ‘ a)Broken crystals of selenite gypsum, scattered in zones within unit,
w b presumably broken by drilling and core-splitting; colors are those of host
o 3 | o mud which stained crystals. Remnants also within core portion with intense
.= ] == coring disturbance, Section 3, 0-80 em.
Z | = H b)Gypsum, white, gray, and black, GC, 9-10 and 36—40 cm; occursin silt-sized
< g - I particles in 1-mm-thick laminae and alternates with red mud laminae
=zl h ! (described above).
— | m i ¢)Broken gypsum at the very base of the core, overlain by 3 cm of laminations
x| p— - of white and black gypsum, red and yellow (hematite- and limonite-rich)
a E - layers, and layers rich in sulfur.
= o} .
= A 3 " SMEAR SLIDE SUMMARY (%):
- N
© o . 1,50 4,18 4,26 CC,35
c L] L]
N ] . TEXTURE:
o J [ Sand - - - 70
> R ] == Silt 15 100 20 -
E 7 ™ Clay a5 - 80 30
c 1 ‘ * COMPOSITION:
g/ 7 '
pr — | Quartz - - 5 -
- 4 B Clay 60 - - -
’ n Dalomite 7 = 5 -
£ 4 Accessory minerals - — - 10
- — Opaques, limonite - 100 - -
K 7 Gypsum 2 - 10 90
7 Opagques, hematite - - 80 -
- Analcime 3 - - -
© Foraminifers 3 - - -
[ ] 7 Nannofossils 20 - - -
] = Intraclasts 5 - - -
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SITE 653 HOLE B CORE 28X CORED INTERVAL 3075.5-3083.2 mbsl; 254.6-264.3 mbsf
BIOSTRAT. ZONE/ .
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1 CLAY
2 o * Clay, olive-gray (5Y 5/2-7/8), olive-yellow (2.5Y 5/4~7/8), and gray (2.5Y
L] e 7/1-N8/, 2.5Y 6/6-6/1). These three color groups occur with other minor
1 +- olive-gray, yellow, and light gray colors. The light gray is full of selenite gypsum
N crystals, with tiny crystals present in minor amounts within the olive-gray and
a 1 o_" yellow clay. Contacts between various clay intervals appear sharp but have
) - been disturbed by drilling.
4 an Minor lithalogy:
P a)Shale and mud, black (2.5Y N4/), Section 1, 0-25 and 46-150 cm, and
N __|* Section 2,0-9 cm. Upper occurrence appears to be displaced pieces within
a E * avoid; other in scattered selenite gypsum crystals; upper
- and lower contacts disturbed by drilling.
2 7 L veas b)Gypsum, white, CC, 30-35 cm. Occurs as tiny powdery material, often in
2] ~ T larger lithified clumps.
ENRBUE SMEAR SLIDE SUMMARY (%):
O | |- * 1,43 25 223 CC4
cCl JHEHHE |- D D D D
TEXTURE:
Silt 10 50 - —
Clay 90 50 100 100
COMPOSITION:
Quartz 10 10 = —
Feldspar - - - Tr
Clay 30 30 30 30
Dolomite 20 20 Tr 30
Accessory minerals 10 - - 10
Gypsum 10 15 15 15
Anhydrite 20 15 15 15
Opaques - 10 — -
Limonite - - 40 -
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