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5. SITE 9751

Shipboard Scientific Party2

HOLE 975A

Date occupied: 0100, 14 May 1995

Date departed: 0730, 14 May 1995

Time on hole: 6 hr, 30 min

Position: 38°53.795'N, 4°30.587'E

Drill pipe measurement from rig floor to seafloor (m): 2427.6

Distance between rig floor and sea level (m): 10.93

Water depth (drill pipe measurement from sea level, m): 2416.7

Total depth (from rig floor, m): 2437.1

Penetration (m): 9.5

Number of cores (including cores having no recovery): 1

Total length of cored section (m): 9.5

Total core recovered (m): 9.92

Core recovery (%): 104.0

Oldest sediment cored:
Depth (mbsf): 9.5
Nature: Clay
Age: Pleistocene

HOLE 975C

Date occupied: 0145, 16 May 1995

Date departed: 1015, 18 May 1995

Time on hole: 2 days, 8 hr, 30 min

Position: 38°53.795'N, 4°30.596'E

Drill pipe measurement from rig floor to seafloor (m): 2426.1

Distance between rig floor and sea level (m): 10.99

Water depth (drill pipe measurement from sea level, m): 2415.1

Total depth (from rig floor, m): 2739.8

Penetration (m): 313.7

Number of cores (including cores having no recovery): 34

Total length of cored section (m): 313.7

Total core recovered (m): 307.66

Core recovery (%): 98.1

Oldest sediment cored:
Depth (mbsf): 313.7
Nature: Gypsum
Age: Miocene?

HOLE 975B

Date occupied: 0730, 14 May 1995

Date departed: 0145, 16 May 1995

Time on hole: 1 day, 18 hr, 15 min.

Position: 38°53.786'N, 4°30.596'E

Drill pipe measurement from rig floor to seafloor (m): 2426.4

Distance between rig floor and sea level (m): 10.93

Water depth (drill pipe measurement from sea level, m): 2415.5

Total depth (from rig floor, m): 2743.5

Penetration (m): 317.1

Number of cores (including cores having no recovery): 34

Total length of cored section (m): 317.1

Total core recovered (m): 298.98

Core recovery (%): 94.3

Oldest sediment cored:
Depth (mbsf): 317.1
Nature: Gypsum
Age: late Miocene

'Comas, M.C., Zahn, R., Klaus, A., et al., 1996. Proc. ODP, Init. Repts., 161:
College Station, TX (Ocean Drilling Program).

2 Shipboard Scientific Party is given in the list preceding the Table of Contents.

HOLE 975D

Date occupied: 1015, 18 May 1995

Date departed: 0330, 19 May 1995

Time on hole: 17 hr, 15 min.

Position: 38°53.805'N, 4°30.605'E

Drill pipe measurement from rig floor to seafloor (m): 2426.1

Distance between rig floor and sea level (m): 11.02

Water depth (drill pipe measurement from sea level, m): 2415.1

Total depth (from rig floor, m): 2576.0

Penetration (m): 149.9

Number of cores (including cores having no recovery): 16

Total length of cored section (m): 149.9

Total core recovered (m): 157.03

Core recovery (%): 104.8

Oldest sediment cored:
Depth (mbsf): 149.9
Nature: Clay
Age: Pliocene

Principal results: Site 975 is located on the South Balearic Margin between
the Balearic Promontory (Menorca and Mallorca Islands) and the Algeri-
an Basin. The site was drilled at the edge of a small basin perched on the
east-dipping slope of the Menorca Rise, at 2415 m water depth. Upon ap-
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proaching the site location, seismic reflection was conducted to verify the
position of the drilling site.

The primary objective for Site 975 was to retrieve a continuous sedi-
mentary sequence for the Pliocene-Pleistocene on the Menorca Rise. The
complete stratigraphic section obtained then could be used to document
the history of surface- and deep-water variations in the western Mediter-
ranean. The site is a central tiepoint along the trans-Mediterranean drilling
transect that allows us to document environmental conditions in the west-
ern Mediterranean during the same times that sapropels formed in the
eastern Mediterranean.

Triple APC and double XCB coring were chosen to ensure continuous
sediment recovery at Site 975. The two deep XCB holes recovered 317.1
m in Hole 975B and 313.7 m in Hole 975C.

The stratigraphic sequence at Site 975 ranges from uppermost Pleis-
tocene-Holocene (NN21B, MPL6) to uppermost Miocene (NN12, G.
conomiozea Zone). The sediments contain abundant and well-preserved
Pleistocene to lower Pliocene foraminiferal and nannofossil assemblages.
Sedimentation rates were 68.28 m/m.y for the Pleistocene-Holocene,
48.9 m/m.y. for the upper Pliocene, and 53.8 m/m.y. for the lower
Pliocene. In addition to biostratigraphy, individual cores were correlated
between the four holes using magnetic susceptibility, GRAPE, and 550-
nm spectrophotometer data.

Sediments at Site 975 have been divided into three lithostratigraphic
units:

Unit I (Hole 975A, 0.0-9.5 mbsf; Hole 975B, 0.0-305.2 mbsf; Hole
975C 0.0-306.3 mbsf; Hole 975D, 0.0-149.9 mbsf) consists of Pliocene
to Pleistocene nannofossil or calcareous clay, nannofossil or calcareous
silty clay, and nannofossil ooze. Carbonate content of these sediments var-
ies between 30% and 70% (average 47%) and increases slightly with
depth. The terrigenous sediment fraction includes clay minerals, quartz,
and minor amounts of feldspar and accessory minerals. Color banding and
bioturbation are common throughout Unit I, but are especially prominent
below 150 mbsf. Graded and laminated foraminifer-rich sandy or silty
layers were found throughout the unit.

Thirty-eight sapropels of Pleistocene to Pliocene age containing up to
2.8% total organic carbon (TOC) occurred in Unit I. Organic C/N ratios
of the sapropels average 12.7, implying that the sapropels likely contain
algal material that partially degraded as it settled to the seafloor. Rock-
Eval analyses of sapropels selected from Hole 975B suggest that their or-
ganic matter consists of a mixture of partially oxidized Type II algal ma-
terial and Type III land-plant material.

Lithostratigraphic Unit II (Hole 975B, 305.2-307.0 mbsf; Hole 975C,
306.3-306.9 mbsf) consists of Pliocene-Miocene? light-colored carbon-
ate-rich sediments. The major lithologies are finely interlaminated to thin-
ly interbedded gray micrite and greenish gray, micritic silty clay. Rare thin
beds of graded calcareous silty sand contain abundant foraminifers and
bioclasts. Sedimentary structures and composition strongly suggest an in-
tertidal origin for sediments of Unit II.

Lithostratigraphic Unit III (Hole 975B, 307.0-317.1 mbsf; Hole
975C, 310.7-313.7 mbsf) comprises 4.4 and 1.6 m of late Miocene
evaporites at Hole 975B and Hole 975C, respectively. The major lithology
is light olive-gray to moderate olive-brown gypsum that occurs as nodu-
lar, finely laminated, and coarse crystals in a micrite matrix. The evapor-
ites of Unit III comprise two broad cycles that begin with a clay or micrite-
rich clay interval, overlain by thinly bedded gypsiferous chalk.

The sediments of Unit I were deposited in an open-marine environ-
ment. The gradual upward decrease in carbonate content may reflect a
shift from dominantly hemipelagic to pelagic conditions from the
Pliocene to the Pleistocene. The boundary between Unit I and Unit II like-
ly marks the change from a shallow intertidal environment during the up-
permost Miocene? to open-marine conditions during the Pliocene. The
wavy laminations of the micritic intervals in Unit II are indicative of algal
or microbial mat layering. The evaporite sequence of Unit III is consistent
with deposition in a supratidal environment. Unit III can be correlated
with the top of the Messinian evaporite sequences (just below the "M"-re-
flector) known elsewhere in the Mediterranean.

Two meter-scale slump folds occur in the upper Pliocene and lower
Pleistocene sections (114.5 mbsf and 143 mbsf) in Hole 975B. Slumping
may have been related to the gentle east-northeast dip of the entire Neo-
gene and Pleistocene sequence, which is visible in seismic profiles at this
location. Steeply dipping conjugate fractures in laminated micritic silty
clay and micrite in lithostratigraphic Unit II appear to have been affected
by pressure dissolution, producing stylolites. Neither of these features is
likely to have any regional tectonic significance. The lack of tectonic de-
formation and the paucity of slump structures suggest that Site 975 was
tectonically inactive during Pliocene-Pleistocene times.

A strong magnetic overprinting made it difficult to determine primary
magnetization at Site 975. The magnetic overprint is characterized by high
intensities of natural remanent magnetizations (NRM; 50 mA/m), high co-
ercivity, strong positive inclinations close to the present field (60°), and a
pervasive radial remagnetization (PRR) that occurs mostly between 40
and 140 mbsf. The distorted magnetic signal correlates to sections con-
taining sapropel layers. This may point to diagenetic effects on the mag-
netic mineral assemblage, which are possibly associated with organic
matter decomposition and concomitant changes in pore-water redox con-
ditions.

Thermal conductivity increases only very slightly with depth, with
mean values of 1.25 W/(m K) at the surface and to 1.5 W/(m K) at 300
mbsf. f-wave velocity also increases with depth from 1.5 km/s at the sur-
face to 1.8 km/s at 300 mbsf. Velocity increases abruptly to 4.8 km/s at
310 mbsf in the evaporitic sequence in the lowest parts of Holes 975B and
975C.

Downhole temperature data were measured at five depths in Hole
975C and were combined with thermal conductivity data, indicating a heat
flow of 81 mW/m2.

Interstitial water profiles are strongly influenced by the presence of the
evaporitic sequence at the base of Site 975. Interstitial calcium and sulfate
profiles both exhibit a gentle decrease from just below the sediment/water
interface to 46.55 mbsf, and both then increase to near-linear gradients to-
ward the base of the hole. Dissolution of gypsum in the Messinian evapor-
ites provides a source for the calcium and sulfate and explains why sulfate
depletion does not occur at this site, even though bacterial sulfate reduc-
tion is the main diagenetic process. The sulfate gradient suggests that or-
ganic matter degradation below 5.55 mbsf occurs mainly by sulfate
reduction. Between the sediment/water interface and 5.55 mbsf, organic
matter degradation occurs by aerobic degradation and manganese reduc-
tion, as evidenced by the manganese mobilization peak at 5.55 mbsf. Cal-
cium and, particularly, strontium may also originate from interactions of
Messinian brines with biogenic carbonates. High interstitial lithium con-
centrations suggest the presence of late-stage brines in the evaporites.

Samples containing at least 1% TOC were selected from Hole 975B
for extraction and analysis of long-chain alkenone biomarkers and calcu-
lation of sea-surface paleotemperatures. Sea-surface paleotemperatures
have fluctuated over a 7°C range in the Balearic Sea during the Pleis-
tocene. The sea-surface temperatures during the Pleistocene varied be-
tween 16° and 23°C, and are consistently about 2°C cooler than those
estimated at times of sapropel deposition in the eastern Mediterranean, as
determined during Leg 160.

Hole 975C was logged between 42.0 and 309.0 mbsf using the quad
combo, Formation MicroScanner (FMS), and geochemical tool strings.
The resistivity profile is very homogeneous throughout the section with
values increasing from 0.7 Qm at the top of the hole to 1.0 Qm at the bot-
tom. Caliper data from the quad combo and the FMS show erratic varia-
tions in hole diameter from 150 mbsf downward, when drilling was
switched from APC to XCB coring.

Two major results were achieved at Site 975. First, 38 sapropel layers
were recovered at this site. Site 975 thus extends the geographic limit of
documented sapropel occurrence further west, from the Tyrrhenian Sea to
the central western Mediterranean basin. Discovery of sapropels at Site
975 warrants revision of the paleoceanographic concepts that relate the
formation of sapropels to paleoceanographic changes in the eastern Med-
iterranean. Second, a well-preserved sequence of uppermost Messinian
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evaporites and early Pliocene hemipelagic to pelagic sediments has been
retrieved in two holes at Site 975. The high-quality XCB cores will make
it possible to study in detail the environmental transition from restricted to
open-marine conditions during late Miocene-early Pliocene times.

BACKGROUND AND OBJECTIVES

Site 975 is located on the Menorca Rise between the Balearic
Promontory (Menorca and Mallorca Islands) and the South Balearic-
Algerian Basin (Fig. 1). The site was drilled at the edge of a small ba-
sin perched on the east-dipping slope of the Menorca Rise, at 2415 m
water depth (Fig. 2). The site was selected on the basis of seismic data
collected in 1984 by the Bannock (Cruise BAL-84; Curzi et al.,
1985). Site 975 was positioned at the intersection of the Bannock line
Bal-9 and the two single-channel seismic profiles acquired by the
JOIDES Resolution (Fig. 3).

The South Balearic Basin comprises a narrow abyssal plain which
links the Alboran Sea with the Algerian Basin. It is underlain by an
oceanic crust, which thins toward the Balearic Rise. Toward the East-
ern Alboran Basin to the west, the oceanic crust gives way to a thin
continental crust. The abyssal plain around the Balearic Margin con-
tains the "Lower" and "Upper" Messinian evaporite sequences (Hsü,
Montadert, et al., 1978). These sequences pinch out on the northern
and southern margins of the basin, disappearing toward the Alboran
Basin to the west.

Previous DSDP drilling on the Balearic Rise (Legs 13 and 43) was
designed to yield information on the depositional history and paleo-
biogeography of the Messinian and pre-Messinian sediments, as well
as to determine the age and subsidence history of the Balearic and Al-
gerian Basins (Ryan, Hsü, et al., 1973; Hsü, Montadert, et al., 1978).
DSDP Site 124 was positioned in a small basin on the western flank
of a presumed buried basement ridge on the Balearic Rise (Fig. 1).
The sedimentary sequence cored at Site 124 consisted of 365 m of
Pliocene-Pleistocene sediments. However, this sequence was not
continuously cored because significant terrigenous input was expect-
ed to hamper stratigraphic work in the upper sediment column. About
57 m of upper Miocene evaporitic beds, including dolomite, gypsum,
and anhydrite layers, were cored farther down before penetration be-
came impossible due to drill-bit failure in solid anhydrites. Thus, al-
though Site 124 drilling failed to reach acoustic basement, it
confirmed that the seismic reflector called "Horizon M" corresponds
to the unconformable contact between upper Miocene evaporites and
lower Pliocene pelagic sediments (Shipboard Scientific Party, 1973).

DSDP Site 372 was drilled on the eastern Balearic Margin (Fig.
1), where the acoustic basement is faulted from pre-Miocene rifting
and is overlain by Miocene sediments (Mauffret et al., 1978). Site
372 penetrated 150 m of Pliocene-Pleistocene sediments before up-
per Miocene gypsum and dolomitic nannofossil marls were reached.
Again, the upper sediment column was not continuously cored be-
cause the primary target was to reach pre-evaporitic sediments. As at
Site 124, Site 372 failed to reach acoustic basement because of drill-
bit failure. However, on the basis of sedimentation rates, an extrapo-
lated age of earliest Miocene to Oligocene was obtained for the ear-
liest sediments deposited on the Menorca Rise (Hsü, Montadert, et
al., 1978).

The primary objective for Site 975 was to continuously core the
Pliocene-Pleistocene sedimentary sequence to obtain a complete
stratigraphic section that would allow us to document the history of
surface- and deep-water variation in the western Mediterranean. To
achieve this goal, the site was positioned in a small sub-basin on the
Menorca continental rise, which was expected to be both filled with
ponded sediments and depleted of sandy turbidites. Initial inspection
of a 9-m-long gravity core, taken during our pre-site survey at the po-
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Figure 1. Location of ODP Site 975 and previously drilled DSDP sites on the
South Balearic Margin.

sition of Site 975, showed no major signs of disturbance, supporting
our contention that the proposed drill site was indeed suitable for con-
ducting high-resolution paleoceanographic work.

Site 975 is in a key position to monitor the history of inflowing
Atlantic waters as they flow to the east, and of outflowing Mediterra-
nean waters on their way west to the Alboran Sea. As such, it is a cen-
tral tiepoint along the trans-Mediterranean drilling transect that will
allow us to correlate environmental conditions during times of
sapropel formation in the eastern Mediterranean with conditions in
the western Mediterranean during the same time intervals. The in-
tended total penetration was 350 mbsf at Site 975, thought to be the
depth of the "M"-reflector, which the earlier DSDP drilling results
have shown to mark the top of the Messinian (Fig. 3).

OPERATIONS

Transit, Site 974 to Site 975 (MedSap-öA)

The 380-nmi sea voyage to Site 975 required 47 hr at an average
speed of 8.1 nmi/hr. We conducted a pre-site seismic survey over Site
975 that lasted about 6 hr. We deployed a beacon at 38°15.612'N,
4°44.990'E on 0100 hr, May 14. Deployment of a second beacon was
at 0300 hr, May 14. The elevation of the DES above sea level was
10.93 m for Holes 975A and 974B, 10.99 m for Hole 975C, and 11.02
m for Hole 974D.

Hole 975A

We spudded Hole 975A at 0700 hr, May 14, at 38°53.795N,
04°30.587 E. The bit was positioned at 2428.0 mbrf and Core 975A-
1H recovered 9.92 m (104.4% recovery; Table 1; see also detailed
coring summary on the CD-ROM, back pocket, this volume). Be-
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Figure 2. Single-channel seismic profile Bal-9 across the southern flank of the Menorca Rise (Curzi et al., 1985). Site 975 was designed to penetrate through the
Pliocene-Pleistocene sediments to the depth of the Messinian "M"-reflector. Two seismic lines crossing the site were shot to refine the position of Site 975 (see
Fig. 3).
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Figure 3. Single-channel seismic profile that was shot
while approaching the site (80-in3 air gun source). The
acoustic "M"-reflector was reached at a sub-bottom
depth of 305.2 mbsf and 306.3 mbsf in Holes 975B
and 975C, respectively.

cause this core overshot the mudline, an exact seafloor depth could
not be calculated, and the hole was terminated. The bit cleared the
seafloor at 0730 hr, May 14.

Hole 975B

We raised the bit 7 m to 2421.0 mbrf and spudded Hole 975B at
0745 hr, May 14. Core 975B-1H recovered 4.1 m of sediment; there-
fore, the seafloor was defined to be at 2416 mbsl. Cores 1H to 16H
were taken to 2573 m (146.6 mbsf) and recovered 151.68 m (103%
recovery). Cores 3H through 16H were oriented using the Tensor

i i i i i i i i i i i i i t i i i i \ i

tool. While retrieving Core 6H, the sandline broke before the core
was brought onto the rig floor. The core barrel was dropped twice
during attempts to fish it and the sandline from inside the drill pipe.
After the core was recovered and split, it was noted that the lower sec-
tion of this core was disturbed. In addition, Core 7H also had some
disturbance caused by Core 6H penetrating the top of Core 7H, as
well as from the additional drill pipe motion during the 6 hr that Core
6H was being retrieved.

Cores 14H to 16H were partial strokes even though the cores were
full when recovered. After an overpull of 60,000 lb was recorded for
Core 16H, we switched to XCB coring. Cores 17X to 34X were taken
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Table 1. Site 975 coring summary.

Core

Date
(May
1995)

Time
(UTC)

Depth
(mbsf)

Length
cored
(m)

Length
recovered

(m)
Recovery

Core

Date
(May Time
1995) (UTC)

Depth
(mbsf)

Length
cored
(m)

Length
recovered Recovery

(m) (%)

161-975 A-
1H

Coring totals:

161-975B-
1H
2H
3H
4H
5H
6H
7H
8H
9H

I0H
11H
12H
13H
14H
15H
16H
17X
18X
19X
20X
21X
22X
23X
24X
25X
26X
27X
28X
29X
30X
31X
32X
33X
34X

Coring totals:

161-975C-
1H
2H
3H
4H
5H
6H
7H

14

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

16
16
16
16
16
16
16

0515

0600
0640
0730
0810
0850
1530
1700
1800
1840
1920
2010
2100
2150
2240
2330
0030
0200
0245
0350
0440
0540
0620
0710
0800
0850
0940
1100
1220
1320
1425
1530
1630
1900
2230

0055
0130
0220
0300
0330
0430
0500

0.0-9.5

0.0-4.1
4.1-13.6
13.6-23.1
23.1-32.6
32.6-42.1
42.1-51.6
51.6-61.1
61.1-70.6
70.6-80.1
80.1-89.6
89.6-99.1

99.1-108.6
108.6-118.1
118.1-127.6
127.6-137.1
137.1-146.6
146.6-156.3
156.3-166.3
166.3-176.4
176.4-186.4
186.4-196.2
196.2 206.2
206.2-215.9
215.9-225.4
225.4-235.1
235.1-244.8
244.8-254.5
254.5-264.1
264.1-273.6
273.6-283.3
283.3-292.8
292.8-302.4
302.4-310.0
310.0-317.1

0.0-2.4
2.4-11.9
11.9-21.4
21.4-30.9
30.9-40.4
40.4-49.9
49.9-59.4

9.5

9.5

4.1
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.7

10.0
10.1
10.0
9.8

10.0
9.7
9.5
9.7
9.7
9.7
9.6
9.5
9.7
9.5
9.6
7.6
7.1

317.1

2.4
9.5
9.5
9.5
9.5
9.5
9.5

9.92

9.92

4.16
9.98
9.84
9.65
9.99
9.83
8.37
9.81
9.96
9.81

10.13
9.75

10.06
10.12
10.15
10.06
5.75
9.63
4.98
0.05
9.80
9.86
9.89
9.82
9.84
9.87
9.26
9.81
9.93
9.91
9.97
9.95
4.86
4.13

298.98

2.43
10.02
9.52

10.00
9.89

10.02
9.98

104.0

104.0

101.0
105.0
103.0
101.0
105.0
103.0
88.1

103.0
105.0
103.0
106.6
102.0
105.9
106.5
106.8
105.9
59.3
96.3
49.3
0.5

100.0
98.6

102.0
103.0
101.0
102.0
95.4

102.0
104.0
102.0
105.0
103.0
63.9
58.1

94.3

101.0
105.5
100.0
105.2
104.0
105.5
105.0

8H
9H

10H
11H
12H
13H
14H
15H
16H
17X
18X
19X
20X
21X
22X
23 X
24X
25 X
26X
27X
28X
29X
30X
3IX
32X
33X
34X

Coring totals:

161-975D-
1H
2H
3H
4H
5H
6H
7H
8H
9H

10H
11H
12H
13H
14H
15H
16H

Coring totals:

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
17
17
17
17
17
17
17

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

0535
0625
0700
0735
0830
0905
0945
1040
1120
1310
1415
1520
1630
1745
1845
1945
2030
2130
2220
2320
0020
0125
0225
0320
0415
0620
0845

0925
1015
1050
1125
1200
1240
1315
1350
1430
1510
1600
1645
1730
1815
1900
1945

59.4-68.9
68.9-78.4
78.4-87.9
87.9-97.4

97.4-106.9
106.9-116.4
116.4-125.9
125.9-135.4
135.4-144.9
144.9-154.4
154.4-164.1
164.1-173.7
173.7-183.4
183.4-192.9
192.9-202.5
202.5-212.2
212.2-221.7
221.7-231.4
231.4-241.0
241.0-251.0
251.0-261.0
261.0-270.9
270.9-280.8
280.8-290.8
290.8-300.7
300.7-310.7
310.7-313.7

0.0-7.4
7.4-16.9
16.9-26.4
26.4-35.9
35.9-45.4
45.4-54.9
54.9-64.4
64.4-73.9
73.9-83.4
83.4-92.9

92.9-102.4
102.4-111.9
111.9-121.4
121.4-130.9
130.9-140.4
140.4-149.9

9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.7
9.6
9.7
9.5
9.6
9.7
9.5
9.7
9.6

10.0
10.0
9.9
9.9

10.0
9.9

10.0
3.0

313.7

7.4
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5

149.9

9.91
10.26
9.87

10.11
10.09
10.20
9.91

10.17
10.16
9.82
9.82
9.89
9.82
9.77
9.79
9.92
9.84
9.90
9.39
9.79
9.94
0.15
9.73

10.01
9.69
6.17
1.68

307.66

7.41
9.82
9.70
9.67
9.79
9.75

10.04
10.10
10.09
10.03
10.17
10.06
10.10
10.16
10.08
10.06

157.03

104.0
108.0
104.0
106.4
106.2
107.3
104.0
107.0
106.9
103.0
101.0
103.0
101.0
103.0
102.0
102.0
103.0
102.0
97.8
97.9
99.4

1.5
98.3

100.1
97.9
61.7
56.0

98.1

100.0
103.0
102.0
102.0
103.0
102.0
105.7
106.3
106.2
105.6
107.0
105.9
106.3
106.9
106.1
105.9

104.8

Note: See also detailed coring summary on the CD-ROM, back pocket, this volume.

from 146.6 to 317.1 mbsf. We cored 170.5 m with the XCB and re-
covered 147.3 m (86%). Several of the first few XCB cores (17X,
19X, and 20X) had lower recoveries. The total APC/XCB recovery
in Hole 975B was 94%.

A hard layer was encountered at about 307.5 mbsf (2734 mbrf).
This layer appears to correlate with a strong reflector in the seismic
reflection data collected just prior to drilling at this location. Previous
velocity analyses suggested that this reflector ("M"-reflector) was at
a depth of 350 mbsf. Hole 975B was terminated after advancing to
317.1 mbsf (about 9.6 m into the hard gypsum material) to abide by
Pollution Prevention and Safety Panel recommendations.

Hole 975C

We offset the ship 20 m to the north-northeast and spudded Hole
975C at 0230 hr on 16 May. Core 975C-1H recovered 2.43 m of sed-
iment with the bit position at 2419.0 m; therefore, the seafloor was
defined to be at 2415 mbsl. Cores 1H through 16H were taken to 2571
m (144.9 mbsf) and recovered 152.54 m (104% recovery). ADARA
temperature measurements were made while taking Cores 3H, 6H,
9H, 12H, and 15H). Cores 14H through 16H were recorded as partial
cores with overpull exceeding 45,000 lb.

Cores 17X through 34X were cut from 144.9 to 313.7 mbsf and
recovered 155.12 m (92% recovery). The hard gypsum "M"-reflector

was encountered at 2735.1 m (309 mbsf). Total APC/XCB recovery
for Hole 975C was 307.66 m (98%).

We then conditioned the hole for logging with a short wiper trip.
No drag was observed and only 7 m of fill were encountered in the
bottom of the hole, indicating good hole conditions for logging. The
hole was displaced with seawater. The bit was positioned at 2497.53
m (71.43 mbsf) to log and was raised approximately 20 m more just
before the logging tools reentered the drill pipe, so that more of the
upper portion of the borehole could be logged. Three tool strings
were run in the following order: (1) quad combo, (2) FMS, and (3)
geochemical. The logs were run to 2735, 2730, and 2723 mbrf, re-
spectively. No significant operational or hole stability problems were
reported by the logger. The log data indicated hole deviations <2°.
There was a noticeable difference in hole diameters between the APC
and XCB portions of the hole. Logging was finished at 1000 hr, May
18, and the bit cleared the seafloor at 1015 hr, May 18.

Hole 975D

We offset the ship 20 m north-northeast and spudded Hole 975D
with the bit at 2424.0 mbrf at 1045, May 18. Core 975D-1H recov-
ered 7.4 m of sediment; therefore, the seafloor was defined to be at
2415 mbsl. Cores 1H to 16H were taken to 149.9 mbsf and recovered
157.13 m (105% recovery). Cores 11H, 12H, and 16H were partial
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SITE 975

strokes with up to 50,000 lb overpull. The bit cleared the seafloor at
2245 hr, 18 May, and the BHA was secured for the transit to Site Alb-
2 (Site 976) at 0330 hr, May 19. The 11-7/16-in security bit (S/N
478458) had negligible tooth wear, and the bearings were still in good
shape despite having been used for 37.7 hr.

LITHOSTRATIGRAPHY

Four holes were drilled at Site 975 on the Menorca Rise, provid-
ing a complete stratigraphic section to a maximum depth of 317.1
mbsf in Hole 975B. Sediments at Site 975 have been divided into
three lithostratigraphic units (Fig. 4, Table 2) based on downhole
changes in composition and sedimentary structures.

Description of Lithostratigraphic Units

Unit I

Hole 975A, Core 975A-1H, 0-9.5 mbsf;
Hole 975B, Core 975B-1H through Section 33X-2, 131 cm, 0 -

305.2 mbsf;
Hole 975C, Core 975C-1H through Section 33X-4, 110 cm, 0 -

306.3 mbsf;
Hole 975D, Cores 975D-1H through 16H, 0-149.9 mbsf.

Lithostratigraphic Unit I consists of Pliocene to Pleistocene nan-
nofossil or calcareous clay (-60% of the section), nannofossil or cal-
careous silty clay (-20%), and nannofossil ooze (-20%). The
carbonate content of these sediments, as determined by coulometric
analysis (see "Geochemistry" section, this chapter), generally ranges
between 30% and 70% (average 47%) and slightly increases with
depth (Fig. 4). Smear-slide analysis indicates that nannofossils are
the major component of the carbonate fraction, although locally for-
aminifers and micrite may each compose up to 30% of the sediment.
A few percent of silt- to fine-sand-sized foraminifers, many of which
are filled with an opaque mineral (pyrite?), are dispersed throughout
the sediment. In sediments from below about 240 mbsf in Unit I, the
foraminifer content generally ranges from 10% to 30%. The terrige-
nous fraction of Unit I includes clay minerals (illite, kaolinite or chlo-
rite, and smectite), quartz, and minor amounts of feldspar and
accessory minerals. The predominant colors of Unit I sediments are
olive gray and light olive gray; lighter shades tend to correlate with
higher carbonate content. Color banding is common; the range of col-
ors observed is given in Table 3.

Bioturbation is common throughout Unit I sediments (Figs. 5, 6),
but is especially prominent at depths greater than 150 mbsf. Trace
fossils identified include Chondrites, Planolites, Zoophycos, and
Arenicolites{!). Burrow fill is generally siltier than surrounding sed-
iment and is commonly pyritized, giving the sediment a mottled ap-
pearance.

Cyclic alternations of lighter (pale olive to light olive gray) nan-
nofossil clay to nannofossil ooze, and darker (light olive gray) nan-
nofossil clay, were noted in Unit I (Fig. 7). Where not bioturbated,
darker intervals have sharp lower boundaries, but there is no notice-
able grain-size change across these boundaries. In all cases, the upper
boundaries of the darker intervals are bioturbated. In many examples,
bioturbation extends through the entire darker interval. The bases of
a few lighter intervals contain more silt- or sand-sized grains (prima-
rily foraminifers) than either the underlying darker interval or the re-
mainder of the lighter interval. These cycles vary in thickness on a
centimeter to meter scale. They are evident throughout Unit I, but the
increase in bioturbation at depths greater than about 150 mbsf, plus
the overall increase in carbonate content, make recognition of appar-
ent cyclicity more difficult with depth.

100-

Q.

Q

2 0 0 -

3 0 0 -

TD 317.1

Figure 4. Generalized lithostratigraphic column with record of core recovery
and carbonate content for Hole 975B. Carbonate content was determined by
coulometric analysis (see "Organic Geochemistry" section, this chapter).
Stratigraphy is representative of that recovered at all Site 975 holes. The
lithostratigraphic symbols are explained in Figure 1 of the "Explanatory
Notes" chapter, this volume.
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Table 2. Summary of lithostratigraphic units for Site 975.

SITE 975

Unit Age Lithology Sedimentary structures Occurrence

Core 975A-1H
Core 975B-1H to Section 975B-33X-2,

cm
Core 975C-1H to Section 975C-33X-4,

cm
Core 975D-1H to 16H

131

110

Interval
(mbsf)

0.0-9.5
0.0-305.2

0.0-306.3
0.0-149.9

I Pleistocene to Major:
Pliocene-Miocene Nannofossil or calcareous clay and Alternating dark and light bands, through

Core975B-18Xsilty clay

Nannofossil ooze

Minor:
Organic-rich layers

II Pliocene-Miocene? Major:
Micrite and micritic silty clay

Minor:
Calcareous silty sand

Foraminifer-rich silt laminae, through Core
975B-18X

Bioturbation, common throughout; large
burrows especially noticeable in Cores
975B-18X through 33X

Slumps in Cores 975B-13X and
975C-13Xand26X

Color banding

Thinly interbedded and finely laminated

Thin beds; graded or laminated

Section 975B-33X-2, 131cm,
to Section 975B-33X-CC, 11 cm

Section 975C-33X-4, 110 cm,
to Section 975C-33X-CC

305.2-307.0

306.3-306.9

III Miocene Major:
Gypsum and gypsiferous chalk

Minor:
Clay to micrite-rich clay

Finely laminated, nodular, and coarse
grained with micrite matrix

Thin beds
Foraminifer-rich gypsum silty clay Thin laminae in Section 975B-34X-CC
Anhydrite Thin laminae in Section 975B-33X-CC

Section 975B-33X-CC, 11 cm,
to Section 975B-34X-CC

Section 975C-34X-CC

307.0-317.1

310.7-313.7

Table 3. Color variation of the lithologies at Site 975.

Lithology Colors

Nannofossil ooze

Nannofossil or calcareous clay to
nannofossil silty clay

Organic-rich layer

Micrite

Micritic silty clay

Calcareous silty sand

Gypsum

Clay to micrite-rich clay

Foraminifer-rich gypsum silty sand

Anhydrite

Light olive gray (5Y 6/1 and 5Y 5/2))

Light olive gray (5Y 5/2)
Greenish gray (5GY 6/1)
Olive gray (5Y 3/2 and 5Y 4/1)
Dark yellowish brown (10YR 4/2)
Light olive brown (5Y 5/6)
Moderate yellowish brown (10YR 5/4)
Moderate olive brown (5Y 4/4)
Grayish olive (10Y 4/2)

Olive black (5Y 2/1)
Greenish black (5GY 2/1)
Brownish black (5 YR 2/1)

Yellowish gray (5 Y 8/1)

Greenish gray (5GY 6/1)

Greenish gray (5GY 6/1)
Light gray (N7)

Light olive gray (5Y 6/2 and 5Y 5/2)
Moderate olive brown (5Y 4/4 and 5Y 5/4)

Grayish green (5G 4/2)

Grayish green (5G 5/2)

White (N9)

Rare laminae and thin beds (less than 3 cm thick) rich in silt and/
or sand were found throughout Unit I (Figs. 8, 9). Some of these lay-
ers are normally graded; most have sharp lower contacts and biotur-
bated upper contacts. The silt and sand fractions of these sediments
are dominated by foraminifers, many of which are filled with opaque
minerals (pyrite?), shell fragments, or quartz.

Intervals of finely laminated nannofossil clay, nannofossil silty
clay, and nannofossil ooze are separated by homogeneous, bioturbat-
ed intervals of similar lithologies in Cores 975B-27X through 30X
and 975C-26X through 30X (Fig. 10). The laminations are parallel
and have apparent dips (not produced by XCB-drilling) that range
from O°-38° (see "Structural Geology" section, "Explanatory Notes"
chapter, this volume).

Several intervals of low- to high-angle dipping beds (interpreted
as slumps) are present at Site 975 (see "Structural Geology" section,
"Explanatory Notes" chapter, this volume). One is notable because it
exhibits different structure in Holes 975B, 975C, and 975D. An inter-
val of thinly color-banded, light olive gray and greenish gray nanno-
fossil clay about 1 m in thickness is folded and contorted in Cores
975B-13H and 975D-13H (Fig. 11). At the same stratigraphic level
in Core 975C-13H, a 1-m-thick interval of color-banded sediments is
horizontally layered (Fig. 12). Because of the similar thicknesses of
the horizontally layered and folded intervals, we attempted to estab-
lish whether the horizontal interval contained any type of stratigraph-
ic repetition. Although none was obvious from visual inspection,
color scanning of the horizontally banded section in Core 975C-13H
at a 1-cm scale indicated the possibility of repetition of bands through
recumbent isoclinal folding (see "Composite Depth" section, this
chapter).

Thirty-seven organic-rich layers (ORLs; defined as containing or-
ganic carbon concentrations that are above background) of Pleis-
tocene to Pliocene age were recovered in Unit I. The ORLs recovered
at Site 975 are similar to those at Site 974 (Fig. 13, see "Lithostrati-
graphy" section, "Site 974" chapter, this volume). These ORLs are
described as color banded, homogeneous, or composite, and they are
classified as Types I through V according to their total organic carbon
content (Tables 4, 5; see also "Lithostratigraphy" section in "Explan-
atory Notes" chapter, this volume). Correlation of individual organic-
rich layers between holes at Site 975 is shown in Figure 14.

Significant abundances of calcite micrite (up to 15%—20%) occur
sporadically throughout Unit I. Estimates of micrite in some smear
slides from depths greater than about 200 mbsf reach 40%. Trace to
minor amounts of dolomite are present, especially near the base of
Unit I. Recrystallization of carbonate (possibly magnesian calcite)
from underlying Unit II sediments (see below) may have provided the
Mg2+ for secondary precipitation of this dolomite.

The boundary between Units I and II was placed at the base of a
grayish olive, calcareous silty clay that overlies light olive gray, mi-
critic nannofossil clay (Fig. 15). Bulk mineralogy of the silty-to-clay
layer as determined by X-ray diffraction analysis is similar to that of
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SITE 975

cm

1 5 -

2 0 -

2 5 -

3 0 -

3 5 -

cm

9 4 -

9 6 -

9 8 -

1 0 0 -

Figure 5. Large vertical burrow (Arenicolites!) from Section 975D-8H-3 (68
mbsf) in Unit I.

1 0 2 -

Figure 6. Heavily burrowed {Planolites and Chondrites) interval from Sec-
tion 975B-30X-6 (282 mbsf) in Unit I.

the overlying nannofossil oozes (calcite, clay minerals, minor quartz,
and trace amounts of dolomite), but relative abundances of quartz,
clay minerals, and dolomite are much greater in this coarser-grained
interval. In addition, the Unit I/II boundary marks a distinct textural
change from the bioturbated nannofossil oozes and clays of Unit I to
the finely laminated and interbedded micritic silts and clays down-
core.

Unit II

Hole 975B, Sections 33X-2, 131 cm through 33X-CC, 11 cm,
305.2-306.97 mbsf;

Hole 975C, Sections 33X-4, 110 cm through 33X-CC, 306.3-
306.9 mbsf.

Lithostratigraphic Unit II is a thin interval of Pliocene-Miocene
sediments that overlies the Messinian evaporites of Unit III. Strati-
graphic sections showing major and minor lithologies of Units II and
III from Holes 975B and 975C are in Figure 16. The following de-
scription is based primarily on the sequence in Hole 975B, where a
more complete section of Unit II was recovered (2.8 m vs. 0.6 m in
Hole 975C). The two main lithologies of Unit II are yellowish gray
micrite and greenish gray, micritic silty clay. These two main lithol-
ogies are interbedded with rare intervals of light gray to greenish gray
calcareous silty sand. Mineralogy of the sediments was determined
by smear-slide observations and X-ray diffraction analysis.

The micrite is composed of silt-sized, lens-shaped crystals of cal-
cite and trace amounts of foraminifers, quartz, and clay minerals.
Beds of relatively pure micrite range in thickness from a few milli-
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cm
10-1

1 5 -

2 0 -

2 5 -

3 0 -

3 5 -

4 0 -

4 5 -

cm
20-

50—'

Figure 7. Example of a cycle of darker nannofossil clay overlain by lighter
nannofossil ooze to nannofossil clay from Section 975C-4H-7 (31 mbsf>
The upper boundary of the darker interval is bioturbated.

2 2 -

2 4 -

2 6 -

2 8 -

Figure 8. Two layers of calcareous sandy silty clay from Section 975C-10H-
4 (83 mbsf). The upper layer contains 40% clay, 15% foraminifers, 28% nan-
nofossils, 10% inorganic calcite, 2% quartz, and 5% accessory minerals
according to smear-slide analysis.

cm
6 2 ^

6 4 -

6 6 -

Figure 9. Sandy horizon from Section 975C-9H-6 (77 mbsf). The sand com-
ponent is largely shell fragments and foraminifers, with lesser quartz.

meters to about 5 cm (light intervals in Fig. 17). These beds display
fine wavy laminations, visible as alternations of slightly darker and
lighter shades of yellowish gray (for example, intervals 975B-33X-3,
67-69 cm and 82-85 cm; Fig. 17). Faint greenish gray laminations
are visible in some of the micrite beds, indicating admixture of some
micritic silty clay.

The micritic silty clay contains major amounts of calcite, clay
minerals, and quartz, minor amounts of dolomite, and traces of feld-
spar. A low percentage of nannofossils was seen in smear slides of
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cm

7 5 -

8 0 -

8 5 -

9 0 -

9 5 -

1 0 0 -

cm
15-

2 0 -

2 5 -

3 0 -

3 5 -

4 0 -

4 5 -

5 0 -

5 5 -

6 0 -

6 5 -

7 0 -

104 - 1

Figure 10. Finely laminated nannofossil ooze and nannofossil clay from Sec-
tion 975B-30X-5 (280 mbsf). Both horizontal and steeply dipping lamina-
tions are present.

75-1

Figure 11. Folded color-banded interval from a slump in Section 975B-13H-
4(113 mbsf) This forms part of an east-facing fold-pair based on core coor-
dinates.
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cm
120—1

125-

130-

135-

cm
75-1

8 0 -

8 5 -

9 0 -

9 5 -

140-1

Figure 12. Horizontal color-banded interval from Section 975C-13H-5 (116
mbsf) thought to be stratigraphically equivalent to the interval in Figure 11.

100 - 1

Figure 13. Example of a thinly color-banded, organic-rich layer from Section
975B-2H-3 (8 mbsf). The dominant colors are olive gray with olive black
and dark greenish gray. The upper part (82-89.5 cm) is finely bioturbated.
The organic carbon content is 1.54% at 84-85 cm.
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Table 4. Correlation of organic-rich layers at Site 975.

Class

CB
H
CB
CB
CB
H
H
H
H
CB

C
CB
C
H
C
CB
CB
CB
H
H
C

c

ORLCB
ORLH
ORLCB
ORLCB
ORLCB
ORLCB
ORLC
ORLH
ORLC
ORLC

ORLCB
ORLH
ORLCB
ORLC
ORLC
ORLCB
ORLC
ORLH

Type

II
V
V
II
II
II
III

rv
π
π

in
π
II

π
i

π
II

π
II
V

π
π

II
i
V
I
I
III
V
I
III
III

II
V
111
II
V
III
IV
III

Key bed
number

Ml
M2
M3
M4
M5
M6
M7
M8
M8
M9

M10
Mil
M12
M13
M14
M15
M16
M17
M18
M19
M20
M21

M22
M23
M24
M25
M25
M26
M27
M28
M29
M29

M30
M31
M32
M33
M34
M35
M36
M37

Core, section,
interval (cm)

161-975B-
2H-3, 82-93

3H-1, 130-133
3H-2, 112-120
3H-4, 60-65
3H-7, 39/42-45
4H-2, 49.5-56.5
4H-CC, 8-9.5

5H-1, disturbed sediments at 46/54
and 58/67

5H-3, 113-117.5
5H-5, 116-123.5
6H-1, flow in, about 40
6H-2, 100-103
6H-3, 77-87
6H-4, 29-33
6H-4, 44-53
6H-6, 20.5-25.5
7H-4, 66-70.5
8H-4, 124.5-126
8H-7, 22-32
8H-CC, 6-11
9H-1, 13-25 disturbed
Repetition by faulting or by drilling??
9H-1, 141-145
9H-2, 119-125
9H-3, 115-123
9H-5, 82 or 85-91.5

9H-6, 32-33
9H-6, 122-124
10H-3, 75.5-77.5
10H-4, 137-140

11H-4, 87-90
11H-7, 78-80
12H-1,66-68
12H-5, 105-114

14H-1,76-77
14H-2, 25-30
14H-3, 104-106

Top
(mbsf)

7.920

14.900
16.220
18.700
23.000
25.095
32.610

33.100

36.730
39.760
42.500
44.600
45.870
46.890
47.040
49.805
56.760
66.845
70.320
70.720
70.730

72.010
73.290
74.750
77.435

78.420
79.320
83.855
85.970

94.970
99.380
99.760

106.150

118.860
119.850
122.14

Bottom
(mbsf)

8.030

14.930
16.300
18.750
23.050
25.165
32.625

33.220

36.775
39.835

44.630
45.970
46.930
47.130
49.855
56.805
66.860
70.420
70.770
70.85

overlap
72.050
73.350
74.830
77.515

78.430
79.340
83.875
86.000

95.000
99.400
99.780

106.240

118.870
119.900
122.16

TOC
(%)

1.54

1.52
1.72
0.92
0.38
0.97
1.12

(0.68)

0.89 (not max)
1.83

1.04
2.80
1.36
1.26

(0.82)
0.95

1.47

0.95

1.00
2.59

2.69

0.83

2.02
(0.56)

1.08

0.84
0.99

0.82
(0.35)
(0.56)

Core, section,
interval (cm)

161-975C-
2H-5, 12-28.5

3H-2, (38)71-79
3H-2, 97-106
3H-3, 92.5-101
3H-5, 53-57
4H-1, 121-122
4H-3, 120-126
5H-1, 145-150
5H-2, 0-2

5H-5, 37-39.5
5H-7, 57.5-63.5
6H-2, 117-130.5
6H-4, 29.5-31
6H-5, 21.5-31.5
6H-5, 127-130.5
6H-5, 140.5-150
7H-1, 67.5-73
7H-5, 106.5-108.5
8H-6, 145-146
9H-2, 112 or 123-128.5
9H-3, 2-14

9H-3, 128-133
9H-4, 98-105
9H-5, 91-97
9H-7, 50-61

10H-1, 54-55.5
10H-2, 9-12.5
10H-5, 24-28
10H-6, 73-79

11H-5, 127-129.5
12H-2, 28-30
12H-2, 135-135.5
12H-6, 109-115
14H-3, 67-68
14H-4, 57-58
14H-5, 10-15
14H-6, 97-98.5

Top
(mbsf)

8.520

14.110
14.370
15.825
18.430
22.610
25.600
32.350
32.400

37.270
40.475
43.070
45.195
46.615
47.670
47.805
50.575
59.965
68.350
71.575
71.920

73.180
74.380
75.810
78.400

78.940
79.990
84.640
86.630

95.170
99.180

100.250
105.990
118.670
120.070
121.100
123.470

Bottom
(mbsf)

8.685

14.190
14.460
15.910
18.470
22.620
25.660
32.400
32.420

37.295
40.535
43.205
45.210
46.715
47.705
47.900
50.630
59.985
68.360
71.685
72.040

73.230
74.450
75.870
78.510

78.955
80.025
84.680
86.690

95.195
99.200

100.255
106.050
118.680
120.080
121.150
123.485

TOC
(%)

1.66
1.12
1.48
0.84

0.78 (not max?)
1.42
1.13

0.85 (not max?)
1.90
1.36
1.09
2.90
1.54
1.61
1.10
0.76

1.00

Core, section,
interval (cm)

161-975D-
2H-1, 91.5-104.5
2H-5, 74-78.5
2H-5, 118-128.5
2H-5, 137-139.5
2H-6, 2-14
2H-6, 140-148
3H-2, 14-19
3H-5, 28/32-35.5
3H-7, 26-33
4H-5, 55-65.5

5H-1, 119-123
5H-3, 136-143.5
5H-6, 45.5-58
Missing or 5H-CC, Paleo
6H-1, 125.5-138
6H-2, 86.5-92
6H-2, 103-112.5
6H-4, 101.5-105.5
7H-2, 43.5-46.5
8H-3, 72.5-74
8H-5, 129-139
8H-6, 13-24

8H-6, 140-145
9H-1,22.5-29.5
9H-2, 24-28.5
9H-3, 145.5-150
9H-4, 0-3
9H-4, 100.5-101
9H-5, 52-59
10H-1, 120.5-124.5
10H-3, 17-20.5
10H-3, 23.5-28 Repetition

by reverse faulting
11H-2, 43-44
11H-5, 69-71.5
11H-6, 27-29
12H-3, 42-50.5
13H-6, 14-16.5
13H-7, 3-5
14H-1, 3.5-6
14H-2, 112-115

Top
(mbsf)

8.315
14.140
14.580
14.770
14.920
16.300
18.540
23.200
26.160
32.950

37.090
40.260
43.855
45.640
46.655
47.765
47.930
50.915
56.835
68.125
71.690
72.030

73.300
74.125
75.640
78.355
78.400
79.405
80.420
84.605
86.570
86.635

94.830
99.590

100.670
105.820
119.540
120.930
121.435
124.020

Bottom
(mbsf)

8.445
14.185
14.685
14.795
15.040
16.380
18.590
23.255
26.230
33.055

37.130
40.335
43.980
45.690
46.780
47.820
48.025
50.950
56.865
68.140
71.790
72.140

73.350
74.195
75.685
78.400
78.430
79.410
80.490
84.645
86.605
86.680

94.840
99.615

100.690
105.905
119.565
120.950
121.460
124.050

Notes: At Hole 975A, key bed number Ml is found in Section 1H-5, 69-79.5 cm (6.690-6.795 mbsf). Key bed numbers identify individual organic-rich layers in Figure 14. Type: I = >2% TOC; II = l%-2% TOC; III = 0.5%-l% TOC;
IV = <0.5% TOC; V = TOC not determined. () = TOC for ORLs with possible admixture of background sediment or which are bioturbated. Class: CB = color banded; H = homogeneous; C = composite (one or more gray layers/lam-
inae within).
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Table 5. Types and classes of organic-rich layers at Site 975.

Type
I
II
III
IV
V

Total

Class
CB
H
C

Total

No. of Pleistocene
and upper Pliocene ORLs

4
18
7
2
7

37

16
11
10
37

Notes: Type: I = >2% TOC; II = l%-2% TOC; III = 0.5%-l% TOC; IV = <0.5% TOC;
V = TOC not determined. Class: CB = color banded; H = homogeneous; C = com-
posite (one or more gray layers/laminae within).

these beds. Beds of micritic silty clay range in thickness from the mil-
limeter scale up to about 10 cm (darker intervals in Fig. 17). These
beds are generally structureless, but in places are laminated (for ex-
ample, interval 975B-33X-3, 88-90 cm; Fig. 17).

Although micrite and micritic silty clay occur in discrete beds as
described above, their most common occurrence is in finely-inter-
laminated intervals (Fig. 18). Discontinuous laminae of silt- to sand-
sized carbonate grains (cemented micrite?) are present within these
intervals of finely laminated micrite and micritic silty clay (for exam-
ple, at 2 cm in Section 975B-33X-3, Fig. 18).

Calcareous silty sand is composed primarily of calcite, clay min-
erals, quartz, feldspar, and dolomite. Bioclasts and foraminifers,
many with rims of isopachous cement, are common. In addition, a
graded interval of calcareous silty sand from Section 975B-33X-3,
143-144 cm (306.8 mbsf, Fig. 19) contains rock fragments, glauco-
nite, gypsum, and a wide spectrum of accessory minerals (including
garnet, zoisite, zircon, tourmaline, pyroxene(?), epidote, and rutile).
Some of the quartz grains from this interval are highly rounded.
Downcore, a second bed of calcareous silty sand is horizontally lam-
inated and contains abundant celestite (SrSO4) (Fig. 20; Section
975B-33X-CC, 9-11 cm, 306.95-306.97 mbsf).

In Hole 975C, Unit II consists entirely of interlaminated to thinly
interbedded micrite and micritic silty clay (Fig. 16). In Hole 975B,
similar lithological association (Unit II; 3 in Fig. 16) is underlain by
a sequence of three thin beds of (1) graded calcareous silty sand (4.5
cm thick), (2) micritic silty clay (5 cm thick), and (3) laminated cal-
careous silty sand (8 cm thick). The Unit II/III boundary was placed
at the contact between the laminated calcareous silty sand bed and an
underlying interval of gypsum (Fig. 20; Section 975B-33X-CC, 11
cm, 306.97 mbsf). The contact appears sharp although fracturing and
biscuiting by XCB-drilling have obscured the interface between the
two lithologies.

Unit III

Hole 975B, Sections 33X-CC, 11 cm through 34X-CC, 306.97-
317.1 mbsf;

Hole 975C, Core 34X, 310.7-313.7 mbsf.

Lithostratigraphic Unit III comprises 4.4 m and 1.6 m of late Mi-
ocene (Messinian) evaporites at Hole 975B and Hole 975C, respec-
tively. The following discussion relies primarily on the thicker
sequence recovered at Hole 975B (Fig. 16) and is based on visual,
smear-slide, and thin-section observations and X-ray diffraction
analyses. We have used the classification scheme of evaporitic rocks
outlined in Carozzi (1993).

The major lithology in this evaporite sequence is light olive gray
to moderate olive brown gypsum that occurs in three facies: nodular,
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Figure 14. Correlation of organic-rich layers between holes at Site 975. The
correlation is based on characteristics of the layers recorded on Visual Core
Description sheets and in photographs, on total organic carbon content, and
on age as indicated by nannofossil zones. The identification of individual
layers (M1-M37) is given in Table 4.

finely-laminated, and gypsiferous chalk (coarse crystals in a micrite
matrix). The nodular facies is characterized by irregular, coalescing
nodular to wavy-bedded massive gypsum (Fig. 21). This facies de-
velops by aggrading crystallization of coarse gypsum crystals along
the upper surfaces of laminae within the finely laminated gypsum fa-
cies (Fig. 22).

In the finely laminated gypsum facies, the laminae have planar
bases with planar to irregular (wavy) upper surfaces (Fig. 23). Clay
minerals and micrite are concentrated along lamina boundaries, par-
ticularly at the upper wavy surfaces; locally, these contacts are sty-
lolitized. In thin section, the laminae exhibit progressive changes in
grain size, with interlocking gypsum crystals becoming coarser to-
wards the top of the laminae (Fig. 24A).
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14CM

Figure 15. Boundary of Units I and II is located at 131 cm in Section 975B-
33X-2 (305.21 mbsf). It separates a sandy silty interval at the base of the nan-
nofossil clay and nannofossil clay sequence of Unit I from finely laminated
micrite and micritic silty clay of Unit II.

The gypsiferous chalk facies contains gypsum crystals that range
up to 1 cm in length. A thin section of this facies shows large euhedral
crystals of gypsum in a matrix-supported to grain-supported texture,
commonly with the long axes of crystals aligned parallel to bedding
(Fig. 24B). The matrix is composed of fine micrite and whole to frag-
mented pelagic foraminifers. Euhedral crystal forms and linear ma-
trix-inclusion trails that pass through adjacent crystals provide
evidence for an authigenic origin of these gypsum grains (Fig. 24C).
The inclusions within these crystals consist of nannofossils, micrite,

3 0 6 -

3 0 8 -

Q.
Φ
Q

3 1 0 -

3 1 2 -

314-^

33X-CC

34X-3

34X-CC

4 and 5

No recovery

33X-3

33X-4

33X-CC

Interbedded 7, 8, and 9

erbedded 7 and 9

No recovery

1 - Nannofossil-foraminifer ooze

2 - Calcareous silty clay

3 - Laminated to thinly bedded micrite
and micritic silty clay

4 - Calcareous silty sand

34X-CC

5 - Micritic silty clay

6 - Nodular gypsum

7 - Finely laminated gypsum

8 - Gypsiferous chalk

9 - Clay

Figure 16. Stratigraphy of the recovered sections of Units II and III in Holes
975B and 975C. Depth intervals of no recovery between cores are shown.
Intervals of gypsum cycles 1 and 2 in Hole 975B are indicated, as well as
probable correlations (dashed lines).

and foraminifers. Compactional grain-to-grain features include well-
developed stylolitic contacts between crystals and zones of brittle de-
formation emanating from point contacts between gypsum crystals
(Fig. 24D). Laminae in this facies consist of alternating micrite-rich
zones with coarse crystals of gypsum, and micrite-poor laminae with
fine, interlocking gypsum crystals (Fig. 25). The latter exhibit poorly
developed enterolithic folding.

Unit III also comprises several minor lithologies. Thin (1-2 cm)
beds of grayish green clay to micrite-rich clay contain abundant clay
minerals and quartz, variable calcite, minor dolomite, and trace
amounts of gypsum and feldspar. One thin bed of foraminifer-rich
gypsum silty sand and a thin white lamina of anhydrite are also
present.

The evaporites of Unit III comprise two broad cycles in Hole
975B (Fig. 16). Both of these cycles begin with a clay or micrite-rich
clay interval, overlain by laminated to thinly-bedded gypsiferous
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Figure 17. Thinly interbedded micrite and micritic silty clay from Section
975B-33X-3 (306 mbsf) in Unit II.

3 0 -

Figure 18. Finely laminated micrite and micritic silty clay from Section

975B-33X-3 (305 mbsf) in Unit II.
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Figure 19. Layer of calcareous silty sand at 139.5-144 cm in Section 975B-
33X-3 (306.8 mbsf) in Unit II.

chalk (Fig. 25). Thicknesses of the clay/gypsiferous chalk sequences
range up to 40 cm. The gypsiferous chalk intervals are overlain by
laminated gypsum, which gradationally passes upward into the nod-
ular gypsum facies. Although nodular gypsum is restricted to a few
centimeters-wide interval in the lower cycle, it is extensively devel-
oped in the upper cycle (Fig. 16).

Discussion

The Marine Sequence: Unit I

The sediments of Unit I are interpreted to have been deposited in
an open marine environment. The sedimentation rates for this unit are
approximately 7 cm/k.y. for the Pleistocene-Holocene and 5 cm/k.y.
for the Pliocene (see "Biostratigraphy" section, this chapter), some-
what higher than those of the sediments at Site 974 (see "Biostrati-
graphy" section, "Site 974" chapter, this volume). The upward
increase in sedimentation rate and gradual upward decrease in car-
bonate content with depth (Fig. 4) may reflect a shift from dominant-
ly pelagic to hemipelagic conditions.

The rhythmic alternations of lighter nannofossil ooze to nanno-
fossil clay and darker nannofossil clay noted in Unit I sediments like-
ly reflect cyclicity in the delivery of terrigenous material to the site.
Although the lower contacts of many of the darker intervals are sharp,
clearly graded beds or lamination structures indicative of turbiditic
deposition were not observed. More detailed examination of sedi-
mentary structures by X-radiography would be necessary to recog-
nize facies changes related to fine-grained or muddy turbidite
deposition (Hill, 1984). An alternative interpretation of these facies
is deposition from nepheloid flows (Pickering et al., 1989). The epi-
sodic activity of bottom currents is suggested by rare laminae and
thin beds of silt or sand in the clay-rich sequence that are interpreted
as lag deposits. The finely laminated intervals in the lower portions
of Unit I may reflect periodic fluctuations of terrigenous input, pos-
sibly by low concentration turbidity currents, with little bed load trac-
tion (Pickering et al., 1989).

Despite the overall similarities of the ORLs at Sites 974 and 975,
several differences exist. The average total organic carbon content of
ORLs at Site 975 is 1.3% (Table 4; see "Organic Geochemistry" sec-
tion, this chapter), lower than the average found for ORLs from Site
974 (2.4%; see "Organic Chemistry" section, "Site 974" chapter, this
volume). Murat (1991) documented a positive correlation between
water depth and organic carbon content for individual sapropels
(ORLs) of the eastern Mediterranean basin. This trend must reflect
differences with depth in preservation of organic carbon because the
flux of organic carbon to the sediment-water interface generally de-
creases with increased water depth. The differences in total organic
carbon content of the ORLs from Sites 974 and 975 may be related to
the fact that water depth at Site 975 is roughly 1000 m less than at Site
974. Site age is a second difference in the record of ORLs at the two
sites. More ORLs were recovered in the late Pleistocene sections
(nannofossil Zone NN19F and up) at Site 975 than at Site 974.

Micrite, here defined as silt- and clay-sized grains of microcrys-
talline calcite, was noted as a common constituent of Unit I sedi-
ments. In a deep-marine environment, such as that represented by
Unit I sediments from Site 975, recrystallization is the most likely or-
igin of the micrite. During burial, clay-sized nannofossils and small
calcite crystals on the walls of foraminifers dissolve and the calcite
reprecipitates as overgrowths on larger crystals such as larger cocco-
liths and discoasters (Morse and Mackenzie, 1990). This well-docu-
mented reaction, which releases Sr2+ to pore waters (Baker et al.,
1982), may also account for the gradients in dissolved Sr at this site
(see "Inorganic Geochemistry" section, this chapter).
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Figure 20. The boundary between Units II and III is located at 11 cm in Sec-
tion 975B-33X-CC (306.97 mbsf) and separates the silty sand at the base of F i g u r e 1X Noduiar gypsum from Section 975B-34X-1 (310.7 mbsf).
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Figure 22. Transition upsection from laminated to nodular gypsum in Section
975B-34X-1 (310.9 mbsf).
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Figure 23. Laminated gypsum interval from Section 975C-34X-1 (311
mbsf).

The Post-Evaporite Sequence: Unit II

Previous drilling in the Mediterranean recovered late Messinian
sediments, but a complete record of the transition from the Messinian
evaporative environment to the open marine conditions represented
by the lower Pliocene hemipelagic and pelagic sediments recovered
at Site 975 was not obtained (e.g., Cita et al., 1978). A survey of pre-
vious drilling sites in the vicinity of Site 975 reveals that Miocene
post-evaporite sedimentation varied significantly among sites (Table
6).

Unit II at Site 975 differs from these previous samples of post-
evaporite, Messinian sediment in terms of carbonate mineralogy, ter-
rigenous content, and microfossil abundance. The dolomitic marls
and marl oozes of Sites 124, 132, 134, and 372 in places display fine
laminations that are of possible stromatolitic origin as interpreted by
shipboard scientists (Table 6; Friedman, 1973). The intervals of fine-
ly laminated micrite and micritic silty clay of Unit II have similar
laminated textures, but smear-slide and X-ray diffraction analyses in-
dicate that they contain primarily authigenic micritic calcite, not bio-
genic calcite and dolomite. Trace to minor amounts of dolomite were
detected in Unit II, but the intervals of pure micrite contain no dolo-
mite, only trace amounts of quartz, and few nannofossils. The de-
scriptions of pre-evaporite sediments from Site 372 and Unit II from
Site 975 are also grossly similar. Cita et al. (1978) provide a detailed
description of Messinian "laminites" (finely laminated, varved, non-
burrowed dolomite-bearing marls) that are overlain by dolomitic
marls and laminated gypsum. The laminites consist of finely inter-
laminated white, fine-grained structureless layers and gray, coarser-
grained, more detrital-rich layers (Cita et al., 1978) and appear in core
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Figure 24. A. Thin-section photograph of upward progressive changes in grain size in laminated gypsum from Section 975B-34X-2, 103-108 (312.5 rnbsf)- B.
Thin-section photograph showing alignment of euhedral gypsum grains parallel to bedding in the gypsiferous chalk in Section 975B-34X-3, 30-36 cm (313.3
mbsf). C. Thin-section photograph showing linear trails of inclusions that cross gypsum crystals from Section 975B-34X-3, 30-36 cm (313.3 mbsf). D. Thin-
section photograph showing stylolites in gypsum from Section 975B-34X-2, 103-108 (312.5 mbsf)-

photographs to be very similar to the finely interlaminated micrite
and micritic silty clay of Unit II. The calcite of the laminites, howev-
er, is in the form of coccoliths and foraminifers, not micrite as in Unit
II, Site 975.

Unit II sediments were probably deposited in a shallow water,
low-energy, environment. The fine laminations could represent sea-
sonal blooms, seasonal salinity changes, or seasonal changes in sed-
iment input, as interpreted for Site 372 laminites by Cita et al. (1978).
The fine laminations of Unit II, however, are wavy and very similar
in appearance to the layering of algal or microbial mats (e.g., Fried-
man, 1973). The abundance of micrite in this unit favors the latter in-
terpretation, because original precipitates (most likely magnesian
calcite) in the algal-microbial mats would readily recrystallize to cal-
cite during diagenesis (e.g., Morse and Mackenzie, 1990). Beds of
micritic silty clay and calcareous silty sand in Unit II could reflect pe-
riods of increased sediment input to the coastal zone, or transitions to
higher energy facies such as tidal channel or beach sediments. The
boundary between Unit I and Unit II thus marks the change from an
open marine environment to a shallow coastal, possibly intertidal or
lagoonal, environment.

The presence of celestite in the bed of calcareous silty sand at the
base of Unit II most likely indicates a diagenetic front where Sr2+, re-
leased by diagenetic recrystallization and micritization of carbonates,
reacts with SO4

2~ that diffuses up from the underlying gypsum of Unit
III (e.g., Baker and Bloomer, 1988; see "Inorganic Geochemistry"
section, this chapter).

The Evaporite Sequence: Unit III

The evaporite sequence of Unit III is consistent with deposition in
a shallow subaqueous to supratidal environment. Petrographic evi-
dence (inclusion composition and alignment of inclusion trails across
crystal boundaries in gypsum) indicates that the intervals of gypsifer-
ous chalk formed by in situ growth in a gypsum-saturated sediment.
The presence of foraminifers and nannofossils in the matrix suggests
that it originated, at least in part, from marine water.

The laminated gypsum facies is typical of intertidal to supratidal
deposition, with alternating deposition of clastic gypsum and clay/
micrite (Carozzi, 1993). Recrystallization of gypsum (aggrading neo-
morphism) leads to growth of crystal palisades (fans) along the coars-
er, upper margin of the laminae. Schreiber et al. (1976) attribute
growth of this texture to cyclic dilution of the overlying brine. Pro-
gressive recrystallization and neomorphism of laminated gypsum
produces the nodular facies. The nodular facies is most characteristic
of the supratidal environment (e.g., Carozzi, 1993; Garrison et al.,
1978).

The gypsum cycles identified in Unit III are similar to those re-
covered from Site 374 in the Ionian Sea (Fig. 26; Garrison et al.,
1978). The mudstone member of Figure 26 could represent the clay
to micritic clay and gypsiferous chalk intervals of Unit III at Site 975.
Gradual upward shallowing produces the laminated gypsum interval
which, when exposed in the supratidal environment, recrystallizes
into the nodular gypsum.
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Figure 25. Lower part of a gypsum cycle showing the basal bed of micrite-

rich clay overlain by gypsiferous chalk, then laminated gypsum (Section

975B-34X-2, 311.8 mbsf).

Summary

The facies transitions indicated by the progression from Unit III
to Unit I are interpreted to represent a transgressive sequence that be-
gins with the supratidal to intertidal, evaporative environment that
produced the gypsiferous sediments of the Messinian (Unit III). The
Unit II/III boundary marks the transition to an intertidal to shallow la-
goonal setting (Unit II). The boundary between Unit II and Unit I rep-
resents the change to an open marine environment. In keeping with
this pattern of deepening upsection, the gradual change from some-
what more pelagic conditions in the lower portions of Unit I to a more
hemipelagic environment probably reflects a temporal increase in
terrigenous influx rather than a change in proximity of the source.

BIOSTRATIGRAPHY

Calcareous Nannofossils:
Abundance and Preservation

Cores recovered at Site 975 contain abundant, well-preserved
Pleistocene to upper Miocene nannofossils. Exceptions are Samples
975A-1H-CC, 975B-1H-CC, 975B-34X-CC, and 975C-32X-CC,
33X-CC, and 34X-CC, wherein nannofossils are rare to common in
abundance.

Biostratigraphy
Hole 975A

Only one core was taken in Hole 975A. Sample 975A-1H-CC
contains Emüiania huxleyi and is assigned to Subzone NN21A.

Holes 975B, 975C, and 975D

Figures 27-29 show the zonal assignments of each core, respec-
tively, in Holes 975B, 975C, and 975D, as well as the occurrence of
species that define the zonal boundaries.

Hole 975B (Fig. 27)

The stratigraphic interval at this site ranges from uppermost
Miocene (Zone NN12) to uppermost Pleistocene-Holocene (Sub-
zone NN21B.) All zones and subzones within this sequence are de-
termined except the Pleistocene Subzone NN19B/NN19C boundary.

The NN19A/NN19B boundary approximates the Pliocene/Pleis-
tocene boundary (at 119.50 mbsf), the occurrence of the last common
Reticulofenestra pseudoumbilicus approximates the lower/upper
Pliocene boundary (at 233.66 mbsf), and the extinction of Heli-
cosphaera intermedia in Zone NN12 approximates the Miocene/
Pliocene boundary (at 307.26 mbsf). In this hole, the Pliocene/Pleis-
tocene boundary is between Samples 975B-13H-CC (118.66 mbsf)
and 14H-2, 75-77 cm (120.35 mbsf). The lower/upper Pliocene
boundary is between Samples 975B-25X-6, 19-20 cm (231.49
mbsf), and 25X-CC (235.24 mbsf). The Miocene/Pliocene boundary
is between Samples 975B-32X-CC (302.75 mbsf) and 33X-3, 130-
131 cm (306.70 mbsf).

Hole 975C (Fig. 28)

Sediments in this hole range from lower Pliocene (Zone NN12/
NN13 undifferentiated) to uppermost Pleistocene-Holocene (Sub-
zone NN21B). Samples 975C-30X-CC to 34X-CC were assigned to
undifferentiated Zone NN12/NN13 because no diagnostic marker
species were found to separate the two zones.

The Pliocene/Pleistocene boundary NN19A/N19B was not accu-
rately determined because of the low sampling resolution, and was
placed between Samples 975C-13H-CC (117.10 mbsf) and 14H-CC
(126.31 mbsf) at the mean depth of 121.70 mbsf. The lower/upper
Pliocene boundary lies between Samples 975C-25X-CC (231.60
mbsf) and 26X-CC (240.79 mbsf).

132



SITE 975

Table 6. Summary of post-evaporite sediment recovered by drilling in the vicinity of Site 975.

Leg Site Location Lithology Environment Reference

13 124 Balearic Rise

13 132 Tyrrhenian Basin

Dolomitic marls, in places finely interlaminated with
terrigenous silt, and interbedded with dark, finely laminated
sediment rich in pyrite and carbonaceous material

Dolomitic marl and dark, pyritic, sandy marl ooze containing
micritic calcite and dolomite

13 134 Balearic Abyssal Plain Dark dolomitic marl ooze laminated with marl ooze

42A 372 Menorca Rise

107 652 Tyrrhenian Sea

161 974 Tyrrhenian Sea

Variegated, laminated, nannofossil dolomitic marl

Variegated gypsiferous mudstones, siltstones, and sandstones
with variable carbonate contents

Variegated clay, calcareous silty clay, silt, and sand with
normal grading and parallel and cross lamination

Shallow water, possibly
stromatolitic

Shallow water, possibly
stromatolitic

Shallow water, possibly
stromatolitic

Shallow water, possibly
stromatolitic

Lacustrine

Lacustrine

Ryan, Hsü, et al., 1973

Ryan, Hsü, et al., 1973

Ryan, Hsü, et al., 1973

Hsü, Montadert, et al., 1978

Kastens, Mascle, Auroux, et
al., 1987

Site 974 "Lithostratigraphy"
section, this volume

Member

C
Nodular to

wavy
bedded
gypsum

B

Laminated
gypsum

A

Mudstone
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Figure 26. Model of facies transitions in a gypsum cycle (from Garrison et
al., 1978).

Hole 975D (Fig. 29)

Sediments in this hole range from upper Pliocene (Zone NN17) to
upper Pleistocene/Holocene (Zone NN21B). Subzones NN19B and
NN19C were not separated. The Pliocene/Pleistocene boundary was
placed between Samples 975D-12H-CC (112.46 mbsf) and 13H-CC
(122 mbsf) at the mean depth of 117.23 mbsf.

Planktonic Foraminifers:
Abundance and Preservation

Cores recovered contain abundant and well-preserved Pleistocene
to lower Pliocene foraminiferal assemblages. Upper Miocene sam-
ples above gypsum layers contain poorly to moderately well-pre-
served foraminiferal assemblages that contain dwarfed,
recrystallized, and fragmented specimens reflecting abnormal eco-
logical conditions and subsequent diagenetic alteration. During this
Miocene interval, the environment was stressed but some dwarfed
planktonic and benthic foraminiferal forms occasionally survived.

Biostratigraphy

Biozones, the distribution of zonal markers, and sampling inter-
vals are shown in Figures 30-32.

Hole 975A

A 9.5-m section was recovered from Hole 975A that overshot the
sediment-water interface. Sample 975A-1H-CC yields an abundant

assemblage that cannot be assigned to a defined biozone since the
significant planktonic foraminiferal markers are missing. The most
common species are Globorotalia scitula and Globigerina falconen-
sis.

Hole 975B (Fig. 30)

A 299-m-thick upper Miocene-Pleistocene sequence was recov-
ered in Hole 975B.

The Pleistocene interval is 108 m thick but only the Globigerina
cariacoensis Zone was detected. Globorotalia truncatulinoid.es ex-
celsa, the taxon used by stratigraphers to recognize the homonymous
zone, was not observed. The Pliocene-Pleistocene boundary, which
coincides with the MPL6/G. cariacoensis zonal boundary, occurs at
Sample 975B-12H-CC (108.85 mbsf). All the biozones of the
Pliocene sequence were recognized. From Sample 975B-33X-3, 80-
82 cm (306.20 mbsf), down to the hole's total depth (314.13 mbsf),
the foraminifers are characterized by dwarfed and poorly preserved
assemblages common in the uppermost Miocene Mediterranean sed-
iments (corresponding to the "Lago Mare" facies).

Hole 975C (Fig. 31)

A 307-m-thick upper Miocene-Pleistocene sequence was recov-
ered in Hole 975C (Fig. 31). The Pleistocene interval was recovered
from the seafloor to -88 mbsf, and the Pliocene/Pleistocene boundary
was placed between Samples 975C-13H-3, 160-162 cm, and 975C-
13H-7, 49-51 cm. Both G. truncatulinoides excelsa and G. caria-
coensis Zones were recognized. All the biozones of the Pliocene se-
quence were recognized. The base of Zone MPL6 was recognized in
Sample 975C-14H-CC (126.26 mbsf). Sample 975C-33X-CC
(306.82 mbsf) to sediment at the bottom of the hole contain a Messin-
ian assemblage that indicates the Globorotalia conomiozea Zone.
The most significant taxa are G. conomiozea, G. mediterranea, G.
miotumida, G. merotumida, and Neogloboquadrina acostaensis (sin-
istral coiling).

Hole 975D (Fig. 32)

A 150-m-thick upper Pliocene-Pleistocene sequence was record-
ed in Hole 975D.

The Pleistocene interval and the Pliocene/Pleistocene boundary
were not recognized since the markers were not detected. This inter-
val is characterized by a monotonous assemblage in which Globoro-
talia inflata, Globigerinoides ruber, Neogloboquadrina dutertrei are
at times dominant species. The base of Zone MPL6 was recognized
in Sample 975D-13H-CC (122.00 mbsf). Samples 975D-14H-CC
through 15H-CC, the latter of which yields common specimens of
Sphaeroidinella dehiscens, were assigned to Zone MPL5b. However,
rare specimens of Globorotalia bononiensis-Globorotalia inflata
transitional forms occur in Sample 975D-15H-CC (140.98 mbsf), in-
dicating that the top of Zone MPL5a is very close to this sample.
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Benthic Foraminifers

Benthic foraminifers in Site 975 (present-day water depth of 2415
m) generally compose <1% of the total foraminiferal assemblage in
most of the examined samples. Relative to the previous deeper Site
974 (present-day water depth of 3459 m), their size and presence is
much greater, and they are much more diverse. The most recurrent
forms are various species of lagenids, deep miliolids (e.g., Pyrgo spp.
and Articulina tubulosa), Cibicidoides kullenbergi, Cibicides spp.,

Cassidulina neocarinata, Gyroidina spp., Siphonina reticulata, Hya-
linea balthica, Planulina wuellerstorfi, Gyroidina laevigata, Pulle-
nia quinqueloba, and Oridorsalis stellatus, which indicate an upper
to middle bathyal environment. Occasional evidence exists for
downslope contamination by shelf taxa that are often abraded and
mixed with deeper water assemblages. Bulimina aculeata is common
in Sample 975D-3H-CC, and Pyrgo murrhina in Sample 975D-4H-
CC. In Sample 975B-7H-CC, rare specimens of Hyalinea balthica
are present. Globobulimina affinis in Sample 975B-5H-CC and El-
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phidium spp. in Sample 975B-26X-CC indicate displacement from
the inner shelf. A few specimens of Ammonia tepida in Sample 975B-
33X-CC (302.7 mbsf) suggest a brackish water environment, which
is typical of the "Lago Mare" facies.

Biozonal Correlation

Correlation of the calcareous nannofossil and planktonic foramin-
iferal zonations is shown in Figure 33. Discrepancies between the
depth distribution of some biozones in the different holes could be

caused by correlation problems between the two groups of fossils or
because of limited sampling resolution.

The placement of the Pliocene/Pleistocene boundary is based on
the calcareous nannofossils, the Miocene/Pliocene boundary on the
planktonic foraminifers, and the lower/upper Pliocene boundary on
both groups of microfossils.

Paleoecology

The calcareous nannofossil assemblage in all holes at this site is
typical of normal open-ocean conditions with the exception of an in-
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terval in Core 975B-13H, 118.66 mbsf (lowermost Pleistocene, Sub-
zone NN19B). In fact Samples975B-13H-CC, 975B-13H-3, 90-92
cm (112.50 mbsf), and 975B-13H-6, 45-47 cm (116.55 mbsf) con-
tain a prolific "Braarudosphaera bloom" in which Braarudosphaera
bigelowii makes up an estimated 20% (by volume) of the core catcher
sample, 40% of Sample 975B-13H-3, 90-92 cm, and 60% of 975B-
13H-6, 45-47 cm. Moreover, common specimens of B. bigelowii in
these samples are considerably larger (18-20 µm) than the normal
size of B. bigelowii (10-14 µm) (Siesser et al., 1992.)

This bloom of B. bigelowii probably signals unusual oceano-
graphic conditions. In today's oceans, B. bigelowii prefers low-salin-
ity, nearshore waters and is rarely found in the open ocean (Siesser et
al., 1992), and thus it is rare in pelagic sediments. Only rare or few B.
bigelowii are usually found during routine examination of slides
made from Cenozoic or Cretaceous open-ocean sediments (this is
also true in all samples examined so far from Holes 974A through
974D and 975 A through 975D, with the exception of the samples not-
ed above). Because of this, it has been difficult to explain the occur-
rence of the Oligocene "Braarudosphaera Chalk" deposited under
apparently open-ocean conditions in the South Atlantic and else-
where. Attempts to explain these unusual blooms have focused on in-
jection of low-salinity waters, with or without specific nutrient
additions, as the triggering mechanism (Siesser et al., 1992).

Other reports of this phenomenon in the Mediterranean have been
made by Müller (1978; 1990), who noted similar Braarudosphaera-
rich sediments at Sites 371, 651, 652, 653, 654, and 655. Moreover,
these blooms were also found in Zone NN19, with additional blooms
in Zone NN17/NN18 at Site 651 and 653.

Planktonic foraminiferal assemblages are also typical of open-
ocean conditions. Benthic foraminifers provide some insights into
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seafloor conditions. Except for the Messinian sequence that was pen-
etrated at the bottom of the site, sediments at Site 975 were deposited
in upper to middle bathyal depths. Occasional sedimentologic and
faunal evidence exists for reworking from shallow-water environ-
ments. Supplemental samples for shipboard analyses generally
avoided sampling in these intervals.

The "Lago Mare" facies (Hsü, Montadert, et al., 1978) consists of
sediments deposited in brackish environments, which are spread dif-
fusely around the eastern Mediterranean. These deposits are well
known to characterize the uppermost Messinian sequence of Medi-
terranean land sections. Usually they contain an Ammonia-Cyprideis
fauna associated with lacustrine gastropods. The presence of Ammo-
nia tepida in Sample 975B-33X-CC (302.7 mbsf) suggests that
lithostratigraphic Unit II (see "Lithostratigraphy" chapter, this vol-
ume) may be a western Mediterranean equivalent of the "Lago Mare"
facies found in other parts of the Mediterranean.

Sedimentation Rates

Sedimentation rates for Hole 975B are shown in Figure 34. Age
data used (Table 7) for construction of the plot are based on FO, LO,
FCO, and LCO events of selected nannofossils and planktonic fora-
minifers (see Table 2, "Explanatory Notes" chapter, this volume).
Average sedimentation rates in Hole 975B were 68.28 m/m.y for the
Pleistocene/Holocene, 48.9 m/m.y. for the upper Pliocene, and 53.8
m/m.y. for the lower Pliocene. These rates are uncorrected for com-
paction.

PALEOMAGNETISM

Eighty-five APC and XCB archive halves from Site 975 were
measured with the cryogenic magnetometer. Natural remanent mag-
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netizations (NRM) and remanences after alternating field (AF) de-

magnetization at 25 mT were measured every 10 cm. Some discrete

samples were measured with the spinner magnetometer for rock-

magnetic analysis. The Tensor tool provided core orientations in

Hole 975B (Table 8). As at Site 974, magnetostratigraphic interpre-

tation was not very successful.
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Table 7. Age of calcareous nannofossil and planktonic foraminiferal bio-

stratigraphic events and depths of their occurrence in Hole 975B.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

FO
FO
LO
FO
LO
FO
FO
LO
LO
LO
LO
LO
LCO
FCO
FO
FCO

Biostratigraphic event

E. huxleyi acme
E. huxleyi
P. lacunosa
G. omega >4.0 µm
Gephyrocapsa spp. >5.5 µm
Gephyrocapsa spp. >5.5 µm
G. oceanica >4.0 µm
D. brouweri
G. bononiensis
D. pentaradiatus
D. tamalis
G. puncticulata
G. margaritae
D. asymmetricus
G. puncticulata
G. margaritae
Re-establishment of open-

marine conditions

Ape

(Ma)

0.085
0.26
0.46
1.02
1.24
1.44
1.75
1.96
2.45
2.52
2.78
3.57
3.94
4.13
4.52
5.10
5.33

Top

4.16
19.22
30.16
66.58
77.75

108.85
118.66
131.41
151.54
152.00
186.69
216.09
231.49
244.58
254.06
298.17
305.75

Depth (mbsf)

Bottom

5.86
22.70
32.75
70.91
80.56

112.50
120.35
134.61
152.35
156.50
189.70
220.00
234.39
245.05
257.10
301.56
305.87

Mean

5.01
20.96
31.46
68.75
79.16

110.68
119.51
133.01
151.95
154.25
188.20
218.05
232.94
244.82
255.58
299.87
305.81

Notes: FO = first occurrence, LO = last occurrence, LCO = last common occurrence,
FCO = first common occurrence.

Table 8. Azimuthal orientation of APC cores from Hole 975B using Ten-

sor tool data.

Core

161-975B-
3H
4H
5H
6H
7H
8H
9H

10H
11H
12H
13H
14H
I5H
16H

Magnetic toolface
(MTF) (°)

124
181
63

348
51

225
248
122
144
238
236
194
234
228

Notes: Cores 974B-3H to 17H were oriented. The orientation parameter (MFT) is an
angle between true north and X-axis of the core-coordinate.

Characteristics of the Overprinting

Strong overprinting hindered determination of primary magneti-

zation (Fig. 35-38). This overprint is characterized by:

1. high intensity of magnetization. NRM intensities have a medi-

an of 50 mA/m (APC and XCB cores) except lithostratigraphic
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Figure 35. Pass-through remanent magnetization measure-
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Core-coordinate declination (°) Inclination (°) Intensity (mA/m)
0 90 180 -90 0 90 0.1 1 10 100

320 • J I I I • J J M,J

Figure 36. Pass-through measurements of archive halves
from Hole 975B after AF demagnetization at 25 mT.
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Figure 37. Pass-through measurements from Hole 975C
after AF demagnetization at 25 mT
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Core-coordinate declination (°)
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Figure 38. Pass-through measurements of archive halves
from Hole 975D after AF demagnetization at 25 mT. 160

Units II and III where intensity decreases to about 0.1 mA/m.
After demagnetization at 25 mT, intensities decrease to about
20%oftheNRM.

2. predominance of positive inclinations close to the present field
(60°), and occasionally vertical (90°). After demagnetization
up to 25 mT, several intervals with shallow and negative incli-
nations are observed (Fig. 35-38).

3. pervasive radial remagnetization (PRR; Leg 154 Shipboard
Scientific Party, 1995). The declination is perpendicular to the
split surface in archive and working halves. Below 140 mbsf,
in XCB cores, declination is at 20° to the X-axis despite strong
core biscuiting.

Rock-Magnetic Properties

We sampled three discrete cubes to investigate rock-magnetic dif-
ferences. Sample 975C-1H-1, 32-34 cm, was collected from a silty
clay layer of moderate yellowish brown color (10YR 5/4) and is as-
sumed to reflect seafloor oxidizing conditions. Samples 975C-1H-1,
121-123 cm (light olive gray, 5Y 5/2) and 975C-3H-4, 105-107 cm
(olive-gray ooze, 5Y 4/1) have typical colors of Unit I (see "Litho-
stratigraphy" section, this chapter).

The values of S_03T parameters (0.98 ± 0.01; see "Explanatory
Notes" chapter, this volume) for the samples indicate the absence of
highly coercive magnetic minerals like hematite or goethite. Compar-
ison between Stepwise AF demagnetization curves of anhysteretic re-
manent magnetization (ARM) and saturated IRM (modified Lowrie-
Fuller test; Johnson et al., 1975) are shown in Figure 39. For Samples
975C-1H-1, 121-123 cm, and 975B-3H-4, 105-107 cm, IRM is al-
ways less coercive than ARM. This suggests that magnetic minerals
in the samples are single-domain or pseudo-single domain. Contrary
to this, ARM is less coercive for Sample 975C-1H-1, 32-34 cm,
which implies dominance of multidomain states or contamination
from superparamagnetic grains (Heider et al., 1992). Thus, contami-
nation of very fine superparamagnetic grains formed by surface di-
agenesis is plausible for the upper part of the core.

Magnetostratigraphy

Two intervals of shallow and negative inclinations are observed
(Fig. 40) between 25 and 45 mbsf and between 50 and 100 mbsf.
Shallow inclinations may indicate insufficient demagnetization to re-
veal negative inclination (e.g., from 80 to 100 mbsf in Hole 975D).
In addition, a short interval of negative inclination is found at about
10 mbsf. If the negative inclination at 10 mbsf is not a drilling- or cor-

MDF

V \ 975C-3H-4, 105-107 cm_

975C-1H-1, 121-123 cm

Light olive gray

0 MDF 50 100
AF field (mT)

•ARM
oIRM

0 MDF 50 100
AF field (mT)

Figure 39. Stepwise AF demagnetization curves of ARM and saturated IRM
(modified Lowrie-Fuller test).

ing-induced artifact, it may be a short reversed interval (about 0.1
Ma) just beneath the seafloor.

According to biostratigraphic data, the negative inclinations
found in the interval between 25 and 45 mbsf cannot be correlated to
the Brunhes/Matuyama (B/M) boundary, because the last occurrence
of the zonal marker, P. lacunosa (0.46 Ma) is at 23-32 mbsf (Hole
975B). The Matuyama chron probably ends at the top of the second
reversal interval at about 50 mbsf, which is in close agreement with
the biostratigraphic data.

Magnetic Susceptibility and Sapropel Horizons

Some sapropel horizons are plotted with respect to the low-field
magnetic susceptibility data (Figure 41). The magnetic susceptibili-
ty signal is similar from hole to hole and sapropels mostly corre-
spond to low susceptibilities below a peak in susceptibility. In
contrast, one sapropel, Section 975B-6H-4, is characterized by a
small susceptibility peak within a zone of low susceptibility. This
susceptibility peak is followed by a decrease that may reflect the re-
dox conditions during deposition of sapropels and possibly post-
depositional diagenesis. Since sources of low-field susceptibility
could be due to multiple causes (mineralogy, content, and grain size
of ferrimagnetic minerals, but also clay content), it appears that fur-
ther rock-magnetic studies in the sapropel horizons will contribute
to understanding potential relationships between sapropel deposi-
tion and magnetic susceptibility.
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Figure 40. Correlation of inclination among Holes
(975A to 975D) after AF demagnetization at 25 mT.
Negative and shallow inclinations (shadow bands) are
found at three horizons throughout holes.
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Figure 41. Comparison between sapropel occurrence (shaded zone) and low-field magnetic susceptibility in core sections measured on MST. To convert the
susceptibility value into SI units, multiply 0.63 × 10~5 to the horizontal axes.

COMPOSITE DEPTHS

High-resolution (2-10-cm-scale) data were collected on the mul-
tisensor track (MST) and with a handheld spectrophotometer on
cores recovered from all holes of Site 975. Three principal variables
(GRAPE density, magnetic susceptibility, and 550-nm-wavelength
color reflectance) were used to construct a composite depth section
from Holes 975B, 975C, and 975D to 135 mbsf. Distinctive features
were correlated between cores from each hole and depth-shifted to a
common depth scale (meters composite depth = mcd) so that over-
lapped cores from different holes would produce a single composite
section. The offsets for each core used for alignment are listed in Ta-
ble 9, which gives standard ODP meters below seafloor depths
(mbsf), offset in meters, and the composite depth for each core (mcd).
Shifted and aligned core data are shown in Figures 42 and 43.

The composite (or "spliced") section seeks to provide a complete
stratigraphic record utilizing overlapping intervals of cores from the
different holes. The composite section is described in Table 10. Splic-

es from Table 10 are indicated by arrows in Figure 42. Correlation
between cores was consistent between the seafloor and approximate-
ly 135 mbsf. Below this depth a continuous record could not be con-
structed with confidence. Individual pairs of cores from Holes 975B
and 975C have been tied together where possible in the lower parts
of the holes.

STRUCTURAL GEOLOGY

The Pleistocene and Pliocene sediments cored at Site 975 are un-
consolidated or poorly consolidated clay, silt, and marly ooze, which
show considerable drilling-induced deformation, including zones of
downward drag about 1 cm on each side of the APC cores, and "bis-
cuit" structure in the XCB cores. The only consolidated material is
the latest Miocene evaporitic sequence at the bottom of the hole.

The dip of bedding is close to horizontal throughout all four holes
at Site 975, apart from meter-scale changes due to slumping. A 1-m
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Table 9. Composite depth table for Holes 975A, 975B, 975C, and 975D.

Core

161 -975 A-
1H

161-975B-
1H
2H
3H
4H
5H
6H
7H

m
9H

10H
I1H
I2H
13H
I4H
I5H
I6H
17X
18X
I9X
20X
21X
22X
23X
24X
25X
26X
27X
28X
29X
30X
31X
32X
33X
34X

161-975C-
1H
2H
3H
4H
5H
6H
7H
SH
9H

Depth
(mbsf)

0.00

0.00
4.10

13.60
23.10
32.60
42.10
51.60
61.10
70.60
80.10
89.60
99.10

108.60
118.10
127.60
137.10
146.60
156.30
166.30
176.40
186.40
196.20
206.20
215.90
225.40
235.10
244.80
254.50
264.10
273.60
283.30
292.80
302.40
310.00

0.00
2.40

11.90
21.40
30.90
40.40
49.90
59.40
68.90

Offset
(m)

2.60

0.00
1.73
1.50
2.85
3.75
4.90
4.75
6.40
6.31
6.80
6.55
6.87
7.70
9.04
8.99
7.91
7.51
7.51
7.51
7.51
7.51
7.51
7.51
7.51
8.32
7.61
8.32
8.32
8.32
8.32
9.59
9.59
9.59
9.59

0.00
0.95
1.91
2.36
3.20
4.15
4.37
4.87
S.20

Depth
(mcd)

2.60

0.00
5.83

15.10
25.95
36.35
47.00
56.35
67.50
76.91
86.90
96.15

105.97
116.30
127.14
136.59
145.01
154.11
163.81
173.81
183.91
193.91
203.71
213.71
223.41
233.72
242.71
253.12
262.82
272.42
281.92
292.89
302.39
311.99
319.59

0.00
3.35

13.81
23.76
34.10
44.55
54.27
64.27
74.10

Comment

1
1
1
1
1
1
1
2
2
2
1
1
1
2
1
1

Core

10H
11H
12H
I3H
14H
15H
16H
17X
!KX
I9X

21X

24X

26X
27X
28X
29X
30X
3IX
32X
33X
34X

161-975D-
1H
2H
3H
4H
5H
6H
7H
8H
9H

10H
11H
12H
13H
14H
15H
16H

Depth
(mbsf)

78.40
87.90
97.40

106.90
116.40
125.90
135.40
144.90
154.40
164.10
173.70
183.40
192.90
202.50
212.20
221.70
231.40
241.00
251.00
261.00
270.90
280.80
290.80
300.70
310.70

0.00
7.40

16.90
26.40
35.90
45.40
54.90
64.40
73.90
83.40
92.90

102.40
111.90
121.40
130.90
140.40

Offset
(m)

5.83
5.71
6.39
6.97
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80
7.80

0.00
1.23
1.80
2.59
3.38
4.05
4.51
5.10
5.42
5.80
5.97
6.58
6.88
7.26
7.08

12.26

Depth
(mcd)

84.23
93.61

103.79
113.87
124.20
133.70
143.20
152.70
162.20
171.90
181.50
191.20
200.70
210.30
220.00
229.50
239.20
248.80
258.80
268.80
278.70
288.60
298.60
308.50
318.50

0.00
8.63

18.70
28.99
39.28
49.45
59.41
69.50
79.32
89.20
98.87

108.98
118.78
128.66
137.98
152.66

Comment

:
:

:

l
l
l
l
l
l
l
l
l
l
l
l
l

Notes: 1 = offset carried from core above due to poor overlap. 2 = Hole 975B core
adjusted to match Hole 975C. Adding offset to meters below seafloor (mbsf) within
each core will produce meters composite depth (mcd).

slump fold occurs at 113.5-114.5 mbsf (Section 975B-33X-3) in
Hole 975B (Fig. 11), as part of an east-facing fold-pair (core coordi-
nates), and a 2-m slump fold associated with a reverse-sense shear oc-
curs at 143 mbsf (Section 975B-16H-5). A minor reverse fault at 85.6
mbsf (Section 975B-10H-4; Fig. 44) is also probably a result of soft-
sediment sliding. Slumping may have been related to the very gentle
east-northeast dip of the entire Neogene and Pleistocene sequence,
visible in seismic profiles across this site (see "Background and Ob-
jectives" section, this chapter).

Steeply dipping conjugate fractures in laminated shale and anhy-
drite at 305.6 mbsf (Section 975B-33X-3) in Hole 975B appear to
have been affected by pressure-solution, producing stylolites (Fig.
45); very similar vertical stylolites are visible at exactly the same lev-
el in Hole 975C. Brittle boudins occur in a sand layer within anhy-
drite at 306.4 mbsf (Section 975B-33X-3; Fig. 46). Neither of these
features are likely to have any regional tectonic significance.

The lack of tectonic deformation and the paucity of slump struc-
tures, compared with those seen at Site 974, suggest that Site 975 was
tectonically inactive during Pliocene and Pleistocene times. The
pinch-out of Messinian reflectors towards the acoustic basement high
to the south-southeast of Site 975 visible on seismic profile Bal-9 (see
"Background and Objectives" section, this chapter) shows that this
high already existed by Messinian times.

ORGANIC GEOCHEMISTRY

Calcium carbonate and organic carbon concentrations were mea-
sured on samples obtained regularly from Holes 975B and 975C. Or-

ganic matter atomic C/N ratios and Rock-Eval analyses were
employed to determine the type of organic matter contained within
the sediments. Analyses of extractable methyl alkenones yielded es-
timates of sea-surface paleotemperatures, and GHM pyrolyses pro-
vided further information about organic matter character. Routine
monitoring of headspace gas contents was done for drilling safety.

Inorganic and Organic Carbon Concentrations

Concentrations of carbonate carbon vary between 2.8% and 11%
in sediments from Site 975 (Table 11). These carbonate carbon con-
centrations are equivalent to 23%-91% sedimentary CaCO3, assum-
ing that all of the carbonate is present as pure calcite. The range in
carbonate content reflects varying combinations of biological pro-
ductivity, dilution by non-carbonate hemipelagic sedimentary com-
ponents, and post-depositional carbonate dissolution driven by
oxidation of organic matter.

Fifteen sapropels, defined in this section as containing at least 1%
TOC (Total Organic Carbon; note that this definition of a sapropel is
different from that of an organic-rich layer given in the "Lithostrati-
graphy" section, this chapter), occur in Hole 975B (Fig. 47). Sample
975B-6H-3, 81-82 cm (45.91 mbsf), contains the maximum of 2.8%
TOC (Table 11). Fourteen sapropels, as defined here, were identified
in Hole 975C at sub-bottom depths comparable to the sapropel occur-
rences in Hole 975B (Fig. 47). Partial post-depositional oxidation of
the organic matter content of the sapropels is suggested by their
CaCO3 content, which is generally lower than that of background
sediments. This factor may have contributed to lowering the average
CaCO3 concentration of the upper 150 m of lithostratigraphic Unit I,
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Magnetic susceptibility

Figure 42. Site 975 magnetic susceptibility data for each
hole plotted vs. meters composite depth (mcd) with tie
lines used to construct composite depth section (single-
ended arrows) and ties between individual cores (dou-
ble-ended arrows).
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relative to the lower 150 m in which sapropels are absent (Fig. 47).
Another possible factor is diminished biogenic carbonate production
during times of sapropel deposition. Dilution of carbonate content by
clastic hemipelagic sediment components is also possible, but this
process would dilute organic matter content and thereby diminish
sapropel development.

Organic Matter Source Characterization

Organic C/N ratios were calculated using TOC and total nitrogen
concentrations to help identify the origin of the organic matter (Table
11). The C/N ratios of sapropels average 12.3, a value that is interme-
diate between unaltered algal organic matter and fresh land-plant ma-
terial (e.g., Emerson and Hedges, 1988; Meyers, 1994). Because
diagenesis rarely depresses land-plant C/N ratios to values as low as
those found in the sapropels, it is likely that these organic-carbon-
rich sediments contain algal material that has been partially degraded
during settling to the seafloor. Preferential loss of nitrogen-rich, pro-
teinaceous matter can elevate the C/N ratios of algal organic matter
by this process.

The C/N values of many background samples low in TOC are
very low (<5). These values are probably an artifact of the low carbon
content combined with the tendency of clay minerals to absorb am-
monium ions generated during the degradation of organic matter
(Müller, 1977). The C/N ratios of background samples especially low
in organic carbon consequently are not accurate indicators of their or-
ganic matter source.

The results of Rock-Eval analyses of selected Site 975 sediments
suggest that their organic matter content is a mixture of partially ox-
idized Type II algal material and Type III land-plant material (Fig.
48). Well-preserved Type II organic matter has high HI values (Espi-
talié et al., 1977). In general, Site 975 sediments with higher TOC
concentrations also have higher HI values (Fig. 49), which is a pat-
tern also found in sapropels in the eastern Mediterranean (Emeis,
Robertson, Richter, et al., 1996). This relationship, combined with
the average C/N value of 12.3, indicates that the original source of the
organic matter was probably algal debris that has subsequently been
oxidized. The inverse relationship between TOC and degree of oxi-
dation is consistent with preservation being important in elevating the
organic matter contents of Mediterranean sapropels (e.g., Cheddadi
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Color reflectance (550 nm)

250

and Rossignol-Strick, 1995). Tmax values are relatively low (Table
12), showing that organic matter is thermally immature with respect
to petroleum generation (Espitalié et al, 1977).

Alkenone Paleotemperature Estimates

Samples containing at least 1% TOC were selected from Hole
975B for extraction and analysis of their C37 alkenone biomarkers
and calculation of sea-surface paleotemperatures. The calculated pa-
leotemperatures (Table 13) must be considered preliminary because
of the limitations of shipboard analytical capabilities. Moreover,
U 37 values are converted to temperatures by comparison to Emilian-
ia huxleyi, which has been extant for -250,000 yr; paleotemperatures
calculated for sediments older than this must be considered relative
rather than absolute.

Sea-surface paleotemperatures have fluctuated over a 7°C range
in the Balearic Sea during the Pleistocene (Fig. 50). A similar record
of fluctuating paleotemperatures has been reported from the eastern
Mediterranean (Emeis, Robertson, Richter, et al., 1996). However,
the paleotemperatures calculated for the Balearic Sea are ~5°C cooler

Figure 43. Site 975 550-nm color reflectance for each
hole plotted vs. meters composite depth (mcd).

than those estimated at times of sapropel deposition in the eastern ar-
eas. Part of this difference ( 2°C) appears to be real inasmuch as the
extraction and analysis procedures used during Leg 161 were inter-
calibrated with those of Leg 160 (see "Explanatory Notes" chapter,
this volume).

Headspace Gases

Concentrations of headspace methane were low throughout Site
975. The strongly reducing conditions needed for methanogenesis
evidently have never been achieved in the sediments at Site 975, and
sulfate concentrations remain high throughout the recovered Site 975
sediments (see "Inorganic Geochemistry" section, this chapter). As
noted by Claypool and Kvenvolden (1983), the presence of intersti-
tial sulfate inhibits methanogenesis in marine sediments.

INORGANIC GEOCHEMISTRY

Interstitial water samples were obtained at Site 975 from 1.45
mbsf to 306.85 mbsf. Twenty-six samples were collected from Holes
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Table 10. Splice table for Site 975. cm
75- |

Hole, core,
section,

interval (cm)

161-975
D-1H-4, 16
C-2H-6, 7
D-2H-6, 55
B-3H-5, 133
D-3H-6, 34
C-4H-5, 115
D-4H-6, 19
C-5H-4, 43
B-5H-6, 124
C-6H-4, 124
B-6H-6, 142
C-7H-6, 97
D-7H-5, 82
C-8H-4, 58
B-8H-6, 55
C-9H-4, 40
B-9H-6, 70
C-10H-4,70
B-10H-4, 13
D-10H-7, 24
B-11H-4, 145
D-11H-6, 124
B-12H-3, 103
D-12H-6, 144
B-13H-6, 139
C-14H-7, 13
D-14H-5, 54

Depth
(mbsf)

4.66
9.97

15.45
20.93
24.74
28.55
34.09
35.83
41.34
46.14
51.02
58.37
61.72
64.48
69.15
73.80
78.80
83.60
84.73
92.64
95.55

101.64
103.13
111.34
117.49
124.13
127.94

Depth
(mcd)

4.66
10.92
16.68
22.43
26.54
30.91
36.68
39.03
45.09
50.29
55.92
62.74
66.23
69.35
75.55
79.00
85.11
89.43
91.53
98.44

102.10
107.61
110.00
117.92
125.19
131.93
135.20

tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to

Listed below are ties between individual cores.

C-17X-2, 34
B-18X-4, 25
B-24X-4, 43
B-25X-3, 127
B-26X-3, 133
B-27X-4, 103
B-29X-6, 16
B-30X-4, 31
B-31X-3, 130
B-32X-3, 127

146.74
161.05
220.83
228.66
239.21
250.33
271.76
278.41
287.60
297.07

Hole, core,
section,

interval (cm)

C-2H-1, 124
D-2H-2, 79
B-3H-2, 22
D-3H-3, 73
C-4H-2, 127
D-4H-2, 43
C-5H-2, 109
B-5H-2, 118
C-6H-1, 58
B-6H-3, 28
C-7H-2, 25
D-7H-3, 31
C-8H-2, 46
B-8H-2, 37
C-9H-1, 145
B-9H-2, 58
C-10H-l,94
B-10H-2, 103
D-10H-2, 84
B-11H-2, 28
D-11H-3, 14
B-12H-2, 16
D-12H-1, 104
B-13H-2, 10
C-14H-2, 97
D-14H-3, 24
C-15H-2, 4

Depth
(mbsf)

3.64
9.69

15.32
20.63
24.17
28.33
33.49
35.28
40.98
45.38
51.65
58.21
61.36
62.97
70.35
72.68
79.34
82.63
85.74
91.38
96.04

100.76
103.44
110.20
117.47
124.64
127.44

Depth
(mcd)

4.59
10.92
16.82
22.43
26.53
30.92
36.69
39.03
45.13
50.28
56.02
62.72
66.23
69.37
75.55
78.99
85.17
89.43
91.54
97.93

102.01
107.63
110.02
117.90
125.27
131.90
135.24

Cores from Holes 975B and 975D have
been adjusted to match Hole 975C.

154.54
168.56
228.34
236.98
246.82
258.65
280.08
286.73
297.19
306.66

tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to
tie to

D-16X-2, 64
C-18X-5, 34
C-24X-6, 73
C-25X-5, 133
C-26X-6, 19
C-28X-1.49
C-30X-1, 136
C-30X-6, 22
C-31X-6, 97
C-32X-6, 58

142.54
160.74
220.43
229.03
239.09
251.49
272.26
278.62
289.27
298.88

154.80
168.54
228.23
236.83
246.89
259.29
280.06
286.42
297.07
306.68

Notes: Portions of cores from Holes 975B, 975C, and 975D were used to construct a
complete section, avoiding gaps and overlaps through Core 975C-15H. Below this
core, correlations were not made due to increased core disturbance and reduced core
recovery. Correlative features in individual cores below 135 mbsf are listed in the
lower section of the table and identified by double-ended arrows in Figure 42.

975B and 975C. The consistency between the two holes confirms the
high precision of the data.

The interstitial water profiles are dominated by two main patterns:
(1) constant concentration to about 100 m and then a steady increase
or decrease, and (2) a steady increase or decrease with depth from the
sediment-water interface (Table 14 and Figs. 51-54).

Evaporite-Related Fluxes

The presence of evaporites, such as halite (NaCl), anhydrite
(CaSO4), and especially gypsum (CaSO4 * 2H2O), at or below the
maximum depth penetrated by coring, would provide one source for
calcium, salinity, chlorinity, lithium, sulfate, and sodium, which all
increase with depth. The relatively shallow chlorinity and sodium
gradients indicate a minimal halite presence in the evaporites.

The calcium and sulfate profiles both exhibit a gentle decrease be-
tween the sediment-water interface and 46.55 mbsf, and then increase
to near linear gradients toward the base of the hole. Both of these pro-
files indicate a small flux from the water column and a large flux
from depth. Dissolution of gypsum in the Messinian evaporites pro-
vides the deep source for the calcium and sulfate and explains why
sulfate depletion does not occur at this site, even though bacterial sul-
fate reduction is the main diagenetic process. The shallower sulfate
concentration gradient (0.14 raM/m) compared to the calcium and
chlorine gradients (0.21 mM/m) may be because of consumption by
anaerobic bacteria during organic carbon metabolization, assuming

8 0 -

8 5 ^

9 0 -

Figure 44. Minor reverse-fault at 85.6 mbsf in Hole 975B. This is probably a
result of soft-sediment sliding (close-up photo, 975B-10H-4, 75-90 cm).

equal diffusive properties of sulfate and calcium. Calcium and partic-
ularly strontium may also originate from interactions of the Messini-
an brines with biogenic carbonates (see "Carbonate Diagenesis
section" this chapter). The high lithium concentrations (Fig. 52) sug-
gest the presence of late-stage brines in the evaporites. Diatom disso-
lution as a source of the lithium is considered highly unlikely at this
site, because no evidence of siliceous microfaunas has been observed
in the sediments (see "Lithostratigraphy" section, this chapter).

Organic Matter Degradation

The ammonium interstitial water profile indicates decomposition
of organic matter; the low ammonium concentrations reflect limited
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Figure 45. Stylolitic fractures filled by a greenish film in laminated shale and
anhydrite at 305.6 mbsf in Hole 975B (close-up photo, 975B-33X-3, 23-33
cm).

availability of organic matter (Fig. 54). The consistent ammonium
concentrations below 75.05 mbsf can be ascribed to ion-exchange re-
actions during organic matter decomposition, which result in ammo-
nium being fixed by clay minerals with a concomitant lithium
release. Release of lithium into the interstitial waters, however,
would be masked at this site by the high lithium flux from depth. The
interstitial water sulfate gradient suggests that organic matter degra-
dation below 5.55 mbsf occurs mainly by sulfate reduction. Between
the sediment-water interface and 5.55 mbsf, organic matter degrada-
tion is occurring by aerobic degradation and manganese reduction, as
evidenced by the manganese mobilization peak at 5.55 mbsf. The res-
olution of the sampling interval, however, is insufficient to identify
the depths of the various reduction zones (manganese, iron, and sul-
fate). The sulfate flux from the evaporites masks the profile that
would be expected in an area of sulfate reduction; such a flux would
effectively inhibit the development of methanogenesis (Claypool and
Kvenvolden, 1983). Consequently, methane concentrations at this
site were very low (see "Organic Geochemistry" section, this chap-
ter). Phosphate concentrations are below the lower limit of detection,
reflecting the overall low organic matter content of the sediments at
this site (see "Organic Geochemistry" section, this chapter).

Carbonate Diagenesis

The alkalinity profile from the sediment water interface to 75.05
mbsf exhibits concentrations that are consistent and some 2 mM
higher than average seawater. This may indicate either a generally
low decomposition rate or low abundance of organic matter. Below
200 mbsf, the alkalinity is lower than seawater values, indicating the

7 8 -

8 0 -

Figure 46. Brittle boudinage in a sand layer within anhydrite at 306.4 mbsf in
Hole 975B (close-up photo, 975B-33X-3, 76-81 cm).

precipitation of a carbonate phase or formation of zeolite and clay.
The decrease in alkalinity at 75 mbsf, and toward the base of the
cored interval, suggests HCO3" consumption. The magnesium con-
centration decreases from 56 mM at the sediment water interface to
<55 mM between 27.55 and 75.05 mbsf, before increasing to a peak
of 57 mM at 191 mbsf and then decreasing to the base of the cored
section. The decrease in both magnesium and alkalinity suggests lim-
ited dolomitization could be occurring, from solution, in the upper 70
m of the cored interval, as evidenced by the perceptible decrease in
calcium at the top of the cored interval. However, no evidence of do-
lomitization was visible in this interval. In the lower section of the
cored interval dolomitization could be occurring from biogenic cal-
cite dissolution. Dolomite is reported at 306 mbsf (see "Lithostrati-
graphy" section, this chapter), just above the deepest interstitial water
sample. In this case, the interstitial water data are recording this do-
lomitization process as it occurs.

Remineralization of biogenic carbonate in this manner would lib-
erate strontium. Strontium replaces calcium in CaCO3, anhydrite, and
gypsum (Deer et al., 1966; Dean, 1982). However, the occurrence of
the strontium peak at 190.85 to 249.25 mbsf suggests that the evapor-
ites are not the source of the strontium flux. Although strontium free-
ly replaces calcium in biogenic CaCO3, upon recrystallization
strontium is forced from the CaCO3 lattice (Deer et al., 1966), and
thus released to the interstitial phase. Since volcanic ashes are rare at
Site 975, the most likely source of the strontium flux is recrystalliza-
tion of biogenic CaCO3, primarily between 190.85 and 249.25 mbsf.
Above and below these depths the near-linear gradients indicate
strontium is diffusing away from the inferred zone of recrystalliza-
tion. The decrease in strontium below 249.25 mbsf indicates stron-
tium consumption; precipitation of celestite, reported at 303 mbsf
(see "Lithostratigraphy" section, this chapter), would provide such a
sink. Micritization of biogenic carbonates, possibly caused by the
evaporitic brines originating from dissolution of the Messinian
evaporites, would provide a source for the strontium flux. It is there-
fore likely that the observed calcium gradient (Fig. 51) reflects both
the dissolution of the more soluble gypsum in the evaporites and sub-
sequent interactions of the evaporitic brines with carbonates.

Potassium and Silica

The potassium interstitial profile exhibits a downcore decrease
(Fig. 53), which is typical for marine sediments and indicates potas-
sium uptake in clays. This profile is perhaps unexpected, because of
the presence of evaporites toward the base of the hole, and may indi-
cate an absence of potassium salts at this locality or limited upward
diffusion of certain brine components.
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Table 11. Results of inorganic and total carbon (TC) analyses of sediment samples from lithostratigraphic Units I—III at Site 975.

Core, section,
interval (cm)

Depth
(mbsf)

Inorg. C
(wt%)

CaCO3

(wt%)
TC

(wt%)
TOC
(wt%)

TN
(wt%)

TS
(wt%) C/N

Unit 1: Pliocene-Pleistocene nannofossil clays and silty clays with organic-rich layers
161-975B-

1H-1, 50-51
1H-2, 90-92
2H-1,76-77
2H-2, 15-16
2H-2, 77-78
2H-3, 46-47
2H-3, 65-66
2H-3, 84-85
2H-4, 55-56
2H-4, 81-82
2H-5, 70-71
2H-6, 80-81
2H-7, 15-16
3H-1, 131-132
3H-2, 100-101
3H-2, 113-114
3H-3, 100-101
3H-4, 61-62
3H-7, 24-25
3H-7,42^3
4H-1, 132-133
4H-2, 51-52
4H-4, 69-70
4H-5, 83-84
4H-5, 97-98
4H-CC, 9-10
5H-1, 61-62
5H-2, 113-114
5H-3, 118-119
5H-4, 64-65
5H-5,40-41
5H-5, 119-120
5H-5, 135-136
5H-6, 93-94
6H-2, 53-54
6H-2, 100-101
6H-3, 81-82
6H-4, 30-31
6H-4, 49-50
6H-4, 91-92
6H-6, 22-23
7H-2, 92-93
7H-3, 49-50
7H-4, 67-68
8H-3, 30-31
8H-6, 139-140
8H-7, 28-29
9H-1, 22-23
9H-1, 142-143
9H-2, 50-51
9H-2, 60-61
9H-2, 122-123
9H-4, 59-60
9H-4, 63-64
9H-5, 89-90
9H-5, 110-111
9H-6, 32-33
9H-6, 33-34
9H-7, 48-49
10H-3, 76-77
10H-4, 85-86
10H-4, 138-139
10H-6, 140-141
11H-2, 89-90
11H-4, 23-24
11H-4, 88-89
11H-6, 38-39
11H-6, 89-90
12H-1,67-68
12H-3, 23-24
12H-3, 78-79
12H-3, 101-102
12H-4, 61-62
12H-5, 113-114
12H-6, 44-45
13H-1, 101-102
13H-2, 106-107
13H-3, 75-76
13H-4, 4-5
13H-4, 108-109
13H-6, 124-125
14H-1,43-44
14H-1,49-50
14H-1,76-77
14H-2, 28-29
14H-2, 85-86

0.50
2.40
4.86
5.75
6.37
7.56
7.75
7.94
9.15
9.41

10.80
12.40
13.25
14.91
16.10
16.23
17.60
18.71
22.84
23.02
24.42
25.11
28.29
29.93
30.07
32.62
33.21
35.23
36.78
37.74
39.00
39.79
39.95
41.03
44.13
44.60
45.91
46.90
47.09
47.51
49.82
54.02
55.09
56.77
64.40
69.99
70.38
70.82
72.02
72.60
72.70
73.32
75.69
75.73
77.49
77.70
78.42
78.43
80.08
83.86
85.45
85.98
89.00
91.99
94.33
94.98
97.48
97.99
99.77

102.33
102.88
103.11
104.21
106.23
107.04
109.61
111.16
112.35
113.14
114.18
117.34
118.53
118.59
118.86
119.88
120.45

5.54
4.03
4.24
3.55
6.20
5.82
4.19
5.24
4.29
4.13
4.35
3.66
4.85
4.51
6.34
5.56
3.99
5.17
8.04
4.16
6.86
6.68
4.29
4.90
8.38
5.74
5.74
4.72
5.68
7.13
5.51
5.78
5.14
6.82
5.42
5.17
4.08
4.52
2.75
4.22
4.23
6.25
4.44
4.57
4.33
7.00
5.54
3.38
4.87
5.16
4.84
5.35
3.50
4.09
4.77
6.59
5.16
5.30
4.36
5.32
6.73
5.85
4.43
3.93
5.65
5.49
6.09
3.60
5.40
5.32
5.10
5.78
4.15
8.11
6.81
7.45
6.56
6.05
8.61
6.71
3.86
4.02
4.56
5.01
4.66
6.18

46.1
33.6
35.3
29.6
51.6
48.5
34.9
43.6
35.7
34.4
36.2
30.5
40.4
37.6
52.8
46.3
33.2
43.1
67.0
34.7
57.1
55.6
35.7
40.8
69.8
47.8
47.8
39.3
47.3
59.4
45.9
48.1
42.8
56.8
45.1
43.1
34.0
37.7
22.9
35.2
35.2
52.1
37.0
38.1
36.1
58.3
46.1
28.2
40.6
43.0
40.3
44.6
29.2
34.1
39.7
54.9
43.0
44.1
36.3
44.3
56.1
48.7
36.9
32.7
47.1
45.7
50.7
30.0
45.0
44.3
42.5
48.1
34.6
67.6
56.7
62.1
54.6
50.4
71.7
55.9
32.2
33.5
38.0
41.7
38.8
51.5

5.87
4.24
4.48
3.85
6.40
6.07
4.46
6.78
4.63
4.52
4.76
4.02
5.25
6.03
6.57
7.27
4.48
6.09
8.35
4.54
7.11
7.65
4.65
5.18
8.61
6.86
6.42
5.09
6.57
7.48
5.79
7.61
5.67
7.07
5.62
6.21
6.88
5.88
4.01
4.60
5.05
6.36
4.57
5.52
4.58
7.19
7.01
4.33
5.87
5.29
4.99
7.94
3.69
4.33
7.46
6.82
5.99
5.91
4.68
7.34
7.17
6.41
4.57
4.09
5.80
6.57
6.14
4.02
6.24
5.45
5.36
6.69
4.50
9.10
7.01
7.83
6.66
6.06
8.55
6.76
3.89
4.16
4.87
5.83
5.01
6.17

0.33
0.21
0.24
0.30
0.20
0.25
0.27
1.54
0.34
0.39
0.41
0.36
0.40
1.52
0.23
1.71
0.49
0.92
0.31
0.38
0.25
0.97
0.36
0.28
0.23
1.12
0.68
0.37
0.89
0.35
0.28
1.83
0.53
0.25
0.20
1.04
2.80
1.36
1.26
0.38
0.82
0.11
0.13
0.95
0.25
0.19
1.47
0.95
1.00
0.13
0.15
2.59
0.19
0.24
2.69
0.23
0.83
0.61
0.32
2 02
0.44
0.56
0.14
0.16
0.15
1.08
0.05
0.42
0.84
0.13
0.26
0.91
0.35
0.99
0.20
0.38
0.10
0.01
0.00
0.05
0.03
0.14
0.31
0.82
0.35
0.00

0.05
0.03
0.04
0.05
0.04
0.10
0.05
0.14
0.04
0.06
0.05
0.05
0.06
0.14
0.04
0.15
0.07
0.09
0.03
0.06
0.03
0.10
0.05
0.05
0.02
0.11
0.06
0.06
0.09
0.02
0.05
0.16
0.08
0.03
0.05
0.11
0.18
0.13
0.17
0.07
0.09
0.03
0.05
0.11
0.05
0.05
0.13
0.12
0.11
0.05
0.06
0.18
0.06
0.05
0.20
0.05
0.10
0.09
0.06
0.16
0.05
0.08
0.05
0.05
0.05
0.11
0.04
0.07
0.10
0.05
0.06
0.04
0.05
0.09
0.05
0.07
0.03
0.09
0.06
0.06
0.07
0.09
0.10
0.11
0.11
0.08

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.12
0.70
5.04
0.20
0.39
0.00
0.00
0.03
0.01
0.10
1.08
1.09
1.11
0.03
0.00
3.21
0.03
0.00
2.43
0.07
0.04
0.03
0.05
1.22
0.00
0.00
0.17
0.00
0.00
0.05
0.00
0.00
0.00
0.07
0.02
0.00
0.06
1.06
0.08
0.00
0.00
0.00
0.40
0.00
0.00
0.00
0.00
2.11
0.01
0.00

7.70
8.17
7.00
7.00
5.83
2.92
6.30

12.83
9.92
7.58
9.57
8.40
7.78

12.67
6.71

13.30
8.17

11.93
12.06
7.39
9.72

11.32
8.40
6.53

13.42
11.88
13.22
7.19

11.54
20.42

6.53
13.34
7.73
9.72
4.67

11.03
18.15
12.21
8.65
6.33

10.63
4.28
3.03

10.08
5.83
4.43

13.19
9.24

10.61
3.03
2.92

16.79
3.69
5.60

15.69
5.37
9.68
7.91
6.22

14.73
10.27
8.17
3.27
3.73
3.50

11.45
1.46
7.00
9.80
3.03
5.06

26.54
8.17

12.83
4.67
6.33
3.89
0.13
0.00
0.97
0.50
1.81
3.62
8.70
3.71
0.00
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Table 11 (continued).

Core, section,
interval (cm)

14H-3, 105-106
14H-4, 17-18
14H-5, 2-3
15H-1,56-57
15H-2, 32-33
15H-2, 65-66
15H-5, 13-14
15H-5, 98-99
16H-2, 57-58
16H-4, 91-92
16H-5, 9-10
16H-6, 60-61
17X-1,20-21
17X-2, 111-112
17X-3, 136-137
17X-4, 70-71
18X-2, 102-103
18X-5, 69-70
19X-3, 74-75
19X-CC, 8-9
22X-2, 79-80
23X-5, 71-72
24X-1,74-75
24X-5, 45-46
25X-5, 30-31
25X-5, 86-87
26X-4, 65-66
26X-5, 37-38
27X-2, 76-77
27X-2, 123-124
27X-6, 76-77
28X-2, 107-108
28X-4, 35-37
28X-5, 117-118
29X-2, 107-108
29X-5, 3-4
29X-6, 127-128
29X-CC, 29-30
30X-1,64-65
30X-4, 37-38
30X-4, 138-139
30X-6, 41-42
3IX-1,66-67
31X-5.72-73
31X-7, 23-24
32X-1,96-97
33X-1, 10-11
33X-1, 146-147
33X-2, 68-69
33X-2, 102-103
33X-2,130-131

161-975C-
1H-2, 26-27
2H-4, 128-129
2H-6, 69-70
3H-2, 40-41
3H-2, 76-77
3H-2, 103-104
3H-3, 17-18
3H-3, 94-95
3H-5, 46-47
3H-5, 55-56
3H-6, 42-43
4H-1,55-56
4H-1, 105-106
4H-1, 122-123
4H-3, 122-123
5H-1, 17-18
5H-1, 149-150
5H-2, 1-2
5H-3, 24-25
5H-5, 39-40
5H-7, 60-61
6H-1, 73-74
6H-2, 128-129
6H-3, 67-68
6H-4, 30-31
6H-5, 29-30
6H-5, 129-130
6H-5, 148-149
6H-6, 84-85
7H-1,71-72
7H-1, 76-77
7H-3, 85-86
7H-5, 107-108
7H-6, 77-78
8H-5, 65-66
8H-5, 142-143

Depth
(mbsf)

122.15
122.77
124.12
128.16
129.42
129.75
133.73
134.58
139.17
142.51
143.19
145.20
146.80
149.21
150.96
151.80
158.82
162.99
170.04
170.99
198.49
212.91
216.64
222.35
230.69
231.25
240.03
241.25
247.06
247.53
253.06
257.07
259.35
261.67
266.67
270.13
272.87
273.92
274.24
278.47
279.48
281.51
283.96
290.02
292.53
293.76
302.50
303.86
304.58
304.92
305.20

1.76
8.18

10.59
13.80
14.16
14.43
15.07
15.84
18.36
18.45
19.82
21.95
22.45
22.62
25.62
31.07
32.39
32.41
34.14
37.29
40.50
41.13
43.18
44.07
45.20
46.69
47.69
47.88
48.74
50.61
50.66
53.75
56.97
58.17
66.05
66.82

Inorg. C
(wt%)

5.40
5.49
4.00
4.90
4.23
5.45
4.67
6.85
7.22
4.56
4.54
4.13
7.02
7.83
6.22
5.50
6.52
5.65
5.47
3.22
6.33
7.52
6.65
6.98
4.78
6.51
6.58
6.24
6.29
4.53
7.61
7.17
6.89
7.51
7.72
4.67
6.66
7.81
6.77
7.90
8.25
7.04
8.43
7.75
7.93
7.39
7.67
7.89
7.68
4.43
3.75

4.68
9.51
4.24
4.38
5.13
4.69
4.30
5.48
6.08
5.66
4.02
3.76
8.67
4.13
6.82
7.99
6.86
6.25
3.87
5.61
5.93
7.31
4.73
4.53
5.27
4.47
4.53
3.05
4.44
4.42
4.56
6.17
5.01
4.50
4.47

CaCO3

(wt%)

45.0
45.7
33.3
40.8
35.2
45.4
38.9
57.1
60.1
38.0
37.8
34.4
58.5
65.2
51.8
45.8
54.3
47.1
45.6
26.8
52.7
62.6
55.4
58.1
39.8
54.2
54.8
52.0
52.4
37.7
63.4
59.7
57.4
62.6
64.3
38.9
55.5
65.1
56.4
65.8
68.7
58.6
70.2
64.6
66.1
61.6
63.9
65.7
64.0
36.9
31.2

39.0
79.2
35.3
36.5
42.7
39.1
35.8
45.6
50.6
47.1
33.5
31.3
72.2
34.4
56.8
66.6
57.1
52.1
32.2
46.7
49.4
60.9
39.4
37.7
43.9
37.2
37.7
25.4
37.0
36.8
38.0
51.4
41.7
37.5
37.2
32.2

TC
(wt%)

5.96
5.72
4.35
5.24
4.29
5.35
4.74
6.87
7.10
4.68
4.68
5.11
7.03
7.95
6.79
5.53
6.58
5.82
5.63
3.47
6.47
7.66
6.73
7.18
5.12
6.68
6.30
6.40
6.57
4.73
7.71
6.78
7.22
7.70
8.02
5.15
6.83
7.88
6.42
7.95
8.34
7.31
8.58
7.90
7.91
7.53
7.75
8.00
7.78
4.52
4.13

4.76
5.85
4.50
5.47
6.79
5.81
4.39
6.96
6.14
6.50
4.11
3.80
8.52
4.12
7.60
7.92
8.28
7.38
4.13
6.46
7.83
7.52
6.09
4.70
6.36
7.37
6.07
4.66
4.80
5.52
4.88
6.34
5.77
4.64
4.60
4.12

TOC
(wt%)

0.56
0.23
0.35
0.34
0.06
0.00
0.07
0.02
0.00
0.12
0.14
0.98
0.01
0.12
0.57
0.03
0.06
0.17
0.16
0.25
0.14
0.14
0.08
0.20
0.34
0.17
0.00
0.16
0.28
0.20
0.10
0.00
0.33
0.19
0.30
0.48
0.17
0.07
0.00
0.05
0.09
0.27
0.15
0.15
0.00
0.14
0.08
0.11
0.10
0.09
0.38

0.08
0.00
0.26
1.09
1.66
1.12
0.09
1.48
0.06
0.84
0.09
0.04
0.00
0.00
0.78
0.00
1.42
1.13
0.26
0.85
1.90
0.21
1.36
0.17
1.09
2.90
1.54
1.61
0.36
1.10
0.32
0.17
0.76
0.14
0.13
0.25

TN
(wt%)

0.09
0.08
0.07
0.08
0.07
0.07
0.06
0.07
0.06
0.95
0.78
0.07
0.08
0.06
0.08
0.72
0.08
0.06
0.05
0.05
0.05
0.06
0.07
0.07
0.07
0.06
0.02
0.07
0.06
0.06
0.05
0.03
0.06
0.05
0.06
0.06
0.06
0.05
0.05
0.05
0.05
0.06
0.06
0.05
0.06
0.05
0.04
0.05
0.05
0.04
0.09

0.06
0.08
0.06
0.12
0.14
0.14
0.71
0.15
0.07
0.84
0.62
0.72
0.07
0.56
0.10
1.10
0.15
0.13
0.07
0.10
0.16
0.05
0.21
0.06
0.13
0.21
0.15
0.14
0.09
0.11
0.08
0.07
0.10
0.08
0.07
0.07

TS
(wt%)

0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.66
1.49
1.29
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.14
0.00
3.53
3.79
0.00
0.95
3.81
0.48
3.41
0.00
1.18
2.48
2.40

0.00
2.58
0.00
0.00
1.00
0.00
1.08
2.42

C/N

7.26
3.35
5.83
4.96
1.00
0.00
1.36
0.33
0.00
0.15
0.21

16.33
0.15
2.33
8.31
0.05
0.88
3.31
3.73
5.83
3.27
2.72
1.33
3.33
5.67
3.31
0.00
2.67
5.44
3.89
2.33
0.00
6.42
4.43
5.83
9.33
3.31
1.63
0.00
1.17
2.10
5.25
2.92
3.50
0.00
3.27
2.33
2.57
2.33
2.63
4.93

1.56
0.00
5.06

10.60
13.83
9.33
0.15

11.51
1.00
1.17
0.17
0.06
0.00
0.00
9.10
0.00

11.04
10.14
4.33
9.92

13.85
4.90
7.56
3.31
9.78

16.11
11.98
13.42
4.67

11.67
4.67
2.83
8.87
2.04
2.17
4.17
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Table 11 (continued).

Core, section,
interval (cm)

8H-6, 92-93
9H-3, 10-12
9H-6, 70-71
10H-2, 80-81
10H-3, 23-24
10H-4, 23-24
11H-2, 48-49
12H-3, 74-75
13H-5, 45-46
13H-5, 48-49
13H-5, 102-103
13H-6, 34-36
13H-6, 54-55
14H-3, 120-121
14H-5, 63-64
15H-2, 122-124
15H-4, 93-94
16H-1,52-53
16H-4, 12-13
17X-2, 64-65
17X-3, 64-65
17X-5, 72-73
18X-2, 100-101
19X-2, 67-68
19X-4, 65-66
20X-4, 59-60
20X-6, 109-110
21X-3, 44-45
21X-5, 69-70
22X-3, 75-76
23X-5, 52-53
24X-3, 67-68
25X-4, 73-74
25X-5, 90-91
26X-1,80-82
26X-6, 60-62
27X-6, 96-97
28X-2, 46-47
28X-3, 72-73
30X-5, 72-73
30X-6, 72-73
3IX-1,77-79
31X-5, 78-79
32X-1, 134-135
32X-2, 120-121
32X-3, 17-18
32X-5, 83-85
33X-1, 55-56
33X-2, 148-149
33X-3, 10-11
33X-3, 145-146
33X-4, 97-98
33X-4, 109-110

Depth
(mbsf)

67.82
72.00
77.10
80.70
81.63
83.13
89.88

101.14
113.35
113.38
113.92
114.74
114.94
119.20
121.63
128.62
131.33
135.92
140.02
147.04
148.54
151.62
156.90
166.27
169.25
178.79
182.29
186.84
190.09
196.65
209.02
215.87
226.93
228.60
232.20
239.50
249.46
252.96
254.72
277.62
279.12
281.57
287.58
292.14
293.50
293.97
297.63
301.25
303.68
303.80
305.15
306.17
306.29

Inorg. C
(wt%)

5.89
3.38
4.83
3.80
5.25

3.72
6.32
5.63
6.96
7.48
5.04
8.98
4.66
6.67
5.07
6.60
7.67
4.33
7.14
4.52
9.42
6.46
5.98
5.73
6.82
7.49
5.82
5.43
4.81
5.82
6.35
6.68
4.13
7.36
6.47
6.38
7.02
6.81
8.00
7.30
7.67
8.78
7.24
7.23
4.64
8.76
6.07
8.11
7.65
8.49
6.97
5.94

CaCO3

(wt%)

49.1
28.2
40.2
31.7
43.7
56.8
31.0
52.6
46.9
58.0
62.3
42.0
74.8
38.8
55.6
42.2
55.0
63.9
36.1
59.5
37.7
78.5
53.8
49.8
47.7
56.8
62.4
48.5
45.2
40.1
48.5
52.9
55.6
34.4
61.3
53.9
53.1
58.5
56.7
66.6
60.8
63.9
73.1
60.3
60.2
38.7
73.0
50.6
67.6
63.7
70.7
58.1
49.5

TC
(wt%)

6.02
4.38
5.51
3.97
5.36
7.49
3.89
6.56
5.72
7.11
7.54
5.16
9.04
4.75
6.77
5.18
6.76
7.83
4.45
7.27
4.71
8.72
6.53
6.03
5.93
6.82
7.53
5.90
5.48
5.11
5.81
6.39
6.74
4.35
7.31
6.40
6.68
7.10
6.83
7.89
7.43
7.79
8.84
7.33
7.23
4.99
S.88
6.10
8.20
7.75
8.46
6.98
6.06

TOC
(wt%)

0.13
1.00
0.68
0.17
0.11
0.67
0.17
0.24
0.09
0.15
0.06
0.12
0.06
0.09
0.10
0.11
0.16
0.16
0.12
0.13
0.19
0.00
0.07
0.05
0.20
0.00
0.04
0.08
0.05
0.30
0.00
0.04
0.06
0.22
0.00
0.00
0.30
0.08
0.02
0.00
0.13
0.12
0.06
0.09
0.00
0.35
0.12
0.03
0.09
0.10
0.00
0.01
0.12

TN
(wt%)

0.08
0.12
0.11
0.05
0.08
0.03
0.05
0.07
0.08
0.06
0.06
0.06
0.04
0.07
0.07
0.07
0.06
0.07
0.07
0.06
0.08
0.04
0.06
0.09
0.08
0.07
0.07
0.08
0.08
0.08
0.07
0.06
0.08
0.08
0.06
0.06
0.07
0.07
0.06
0.05
0.06
0.07
0.05
0.06
0.06
0.07
0.05
0.06
0.04
0.05
0.05
0.05
0.04

TS
(wt%)

0.47
2.48
1.83
0.00
0.00
4.30
0.70
1.64
0.00
0.00
0.00
0.00
1.29
3.02
0.00
0.40
0.00
0.00
2.70
0.32
0.00
0.74
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.06
0.00
0.14
0.00
1.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.11
0.00
0.00
0.00
0.00
0.00
1.18
0.00

Unit 2: Miocene—Pliocene calcareous clays and silty clays with dolomite
161-975B-

33X-2, 130-131
33X-2, 132-133
33X-2, 135-136
33X-2, 139-140
33X-3, 68-69
33X-3, 86-87
33X-3, 143-144
33X-CC, 7-8
161-975C-
33X-CC, 26-26

161-975B-
33X-CC, 21-22
34X-2, 26-27
34X-3, 28-29
34X-CC, 1-2
34X-CC, 4-5

305.2
305.22
305.25
305.29
306.08
306.26
306.83
306.93

306.80

307.07
311.76
313.25
313.74
313.77

3.75
6.54
4.06
6.75

10.99
3.98
5.51
3.07

9.88

31.2
54.5
33.8
56.2
91.5
33.2
45.9
25.6

82.3

4.13
6.75
4.14
6.80

11.40
4.06
5.53
3.58

10.10

0.38
0.21
0.08
0.05
0.41
0.08
0.02
0.51

0.22

Unit 3: Pliocene gypsum, micritic gypsuπ

0.59
0.17
2.92
5.18
1.75

4.9
1.4

24.3
43.1
14.6

0.60
0.11
2.94
5.19
1.78

0.01
0.00
0.02
0.01
0.03

0.09
0.06
0.06
0.06
0.03
0.05
0.03
0.00

0.03

I

0.05
0.00
0.03
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

C/N

1.90
9.72
7.21
3.97
1.60

26.06
3.97
4.00
1.31
2.92
1.17
2.33
1.75
1.50
1.67
1.83
3.11
2.67
2.00
2.53
2.77
0.00
1.36
0.65
2.92
0.00
0.67
1.17
0.73
4.38
0.00
0.78
0.88
3.21
0.00
0.00
5.00
1.33
0.39
0.00
2.53
2.00
1.40
1.75
0.00
5.83
2.80
0.58
2.63
2.33
0.00
0.23
3.50

4.93
4.08
1.56
0.97

15.94
1.79
0.78

8.56

0.23

0.78

Notes: Total organic carbon (TOC) concentrations are calculated from the difference between inorganic carbon and TC concentrations. TS = total sulfur concentrations. C/N ratios are
calculated from TOC and total nitrogen (TN) concentrations and are given as atom/atom ratios.

The interstitial silica profile increases rapidly from 62 µM at the
sediment-water interface to 213 µM at 37.05 mbsf, and remains at
200 to 300 µM to the base of the cored section. Such low silica con-
centrations would make the interstitial waters corrosive toward sili-
ceous microfossils, which are indeed very rare at Site 975 (see
"Lithostratigraphy" and "Biostratigraphy" sections, this chapter).

In conclusion, the interstitial water profiles at Site 975 are strong-
ly influenced by the presence of the evaporitic sequence at the depth
of maximum coring penetration. The interstitial fluxes indicate the

evaporites are dominated by gypsum; the relatively low chlorinity
and sodium concentrations toward the base of the cored interval sug-
gest only a limited halite presence in the evaporitic sequence. The
decrease in potassium with depth indicates an absence of potassium-
bearing salts at this location. The presence of anhydrite in the evapor-
ites at this site cannot be ruled out because of the low solubility of an-
hydrite in water. The interaction of brines, from dissolution of the
evaporites, with biogenic carbonate results in extensive carbonate re-
crystallization, plus a degree of dolomitization in the lower Pliocene
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Figure 47. Downcore variations in organic carbon and CaCO3 concentrations in sediment samples from Hole 975B and Hole 975C.
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Figure 48. Rock-Eval van Krevelen-type diagram of Pleistocene sapropels
from Holes 975B and 975C. Organic matter appears to be originally Type II
algal material that has been variably oxidized to Type III continental or detri-
tal organic matter. Hydrogen index = mg hydrocarbons/g organic carbon;
oxygen index = mg CO2/g organic carbon.
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Figure 49. Comparison of Rock-Eval hydrogen index values and total
organic carbon concentrations of sapropels from Holes 975B and 975C. The
correspondence between increases in both parameters indicates that dimin-
ished oxidation of algal organic matter is important to enhancing the organic-
carbon richness of sapropels on the Menorca Rise.

sediments. This carbonate recrystallization is evidenced in the stron-
tium profile.

PHYSICAL PROPERTIES

Introduction

Physical property measurements were made on whole-core sec-
tions (MST and thermal conductivity), split cores (sonic velocity),
and discrete samples (index properties) for all holes at Site 975. Nat-
ural gamma ray was measured at 10-cm intervals on all Site 975 cores
as part of the MST. Index properties and thermal conductivity were
measured once per section on cores from Holes 975A and 975B. In-
dex properties were measured on one or two samples per core for
Hole 975C. Thermal conductivities were measured three times per
core for Holes 975C and 975D.

Multisensor Track

The multisensor track measurements for Holes 975A, 975B,
975C, and 975D are presented in Figures 55-58. To facilitate com-

parison, the presentation is done in a format similar to that used for
the downhole logging data in this volume.

Thermal Conductivity

Thermal conductivity results for Holes 975A, 975B, 975C, and
975D are shown in Figure 59 and listed in Table 15 (on CD-ROM,
back pocket, this volume). There is only a very slight increase in con-
ductivity vs. depth, with mean values of 1.25 W/(m K) at the surface
increasing to 1.5 W/(πrK) at 300 mbsf.

j°-wave Velocity

P-wave velocity measurements (Fig. 60; Table 16 on CD-ROM,
back pocket, this volume) show an increase downhole. Velocity in-
creases with depth from 1.5 km/s to 1.8 km/s at 300 mbsf. A break in
this trend occurs between about 150 to 250 mbsf. This coincides with
the switch from APC to XCB coring and is the same depth interval as
that of the larger and more irregular hole diameter found by down-
hole caliper measurements (see "Downhole Logging" section, this
chapter). The trend seen above 150 mbsf is resumed in the harder sed-
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Table 12. Results of Rock-Eval pyrolysis analyses of sapropels selected from Holes 975B and 975C.

Core, section,
interval (cm)

161-975B-
2H-3, 84-85
3H-1, 131-132
3H-2, 113-114
4H-CC, 9-10
5H-5, 119-120
6H-3, 81-82
6H-4, 30-31
6H-4, 49-50
6H-6, 22-23
7H-4, 67-68
8H-7, 28-29
9H-1,22-23
9H-1, 142-143
9H-2, 122-123
9H-5, 89-90
10H-3, 76-77
11H-4, 88-89
12H-5, 113-114

161-975C-
3H-2, 76-77
3H-2, 103-104
5H-1,149-150
5H-7, 60-61
6H-2, 128-129
6H-4, 30-31
6H-5, 29-30
6H-5, 129-130
6H-5, 148-149
7H-1,71-72
7H-5, 107-108
9H-3, 10-12

Depth
(mbsf)

7.94
14.91
16.23
32.62
39.79
45.91
46.90
47.09
49.82
56.77
70.38
70.82
72.02
73.32
77.49
83.86
94.98

106.23

14.16
14.43
32.39
40.50
43.18
45.20
46.69
47.69
47.88
50.61
56.97
72.00

TOC
(%)

1.17
0.96
1.09
0.83
1.53
2.37
1.03
1.35
0.77
0.61
1.08
0.80
0.75
2.21
2.47
1.70
0.72
0.60

1.64
1.03
1.20
1.80
1.08
0.59
2.61
1.03
1.18
0.94
0.51
0.76

T m a x

(°C)

413
391
414
415
415
420
419
416
408
418
419
409
418
419
420
424
419
420

408
405
406
412
409
417
413
419
410
412
417
405

s,

0.36
0.40
0.41
0.22
0.43
0.54
0.25
0.28
0.08
0.15
0.26
0.14
0.15
0.63
0.51
0.39
0.14
0.51

0.47
0.32
0.30
0.48
0.30
0.15
0.77
0.29
0.36
0.19
0.15
0.13

S2

2.14
0.81
2.38
1.37
3.46
6.15
1.98
2.35
0.55
1.11
2.74
0.91
0.99
6.65
5.84
4.02
1.28
1.29

3.21
1.67
2.09
3.47
1.92
0.85
7.73
2.45
2.38
1.29
0.74
0.79

s3

3.19
2.49
3.06
2.46
2.77
3.54
2.61
2.13
1.80
2.45
2.18
1.95
2.09

3.32
2.69
1.91
1.69

2.51
2.12
2.36
2.59
2.09
2.21
2.89
2.22
1.58
1.63
1.83
1.56

PI

0.14
0.33
0.15
0.14
0.11
0.08
0.11
0.11
0.13
0.12
0.09
0.13
0.13
0.09
0.08
0.09
0.10
0.28

0.13
0.16
0.13
0.12
0.14
0.15
0.09
0.11
0.13
0.13
0.17
0.14

S 2/S 3

0.67
0.32
0.77
0.55
1.24
1.73
0.75
1.10
0.30
0.45
1.25
0.45
0.47
2.30
1.75
1.49
0.67
0.76

1.27
0.78
0.88
1.33
0.91
0.38
2.67
1.10
1.50
0.79
0.40
0.50

PC

0.20
0.10
0.23
0.13
0.32
0.55
0.18
0.21
0.05
0.10
0.25
0.08
0.09
0.60
0.52
0.36
0.11
0.15

0.30
0.16
0.19
0.32
0.18
0.08
0.70
0.22
0.22
0.12
0.07
0.07

HI

182
84

218
165

259
192
174
71

181
253
113
132
300

236
177
215

195
162
174
192
177
144
296
237
160
137
145
103

OI

272
259
:su
296
181
149
253
149
233
401
201
247
278
130
134
158
265
281

153
205
196
143
193
374
110
215
106
173
358
205

Notes: Total organic carbon (TOC) concentrations are derived from Rock-Eval parameters and therefore differ somewhat from the TOC values of the same samples in Table 11. Units
of the various Rock-Eval parameters are given in the "Explanatory Notes" chapter (this volume).

Table 13. U 3 7 values and sea-surface paleotemperature estimates

obtained from biomarker extracts of sapropels from Hole 975B. 16

Core, section,
interval (cm)

161-975B-
2H-3, 84-85
3H-1, 131-132
3H-2, 113-114
4H-CC, 9-10
5H-5, 119-120
6H-2, 100-101
6H-3, 81-82
6H-4, 30-31
6H-4, 49-50
8H-7, 28-29
9H-1, 142-143
9H-2, 122-123
9H-5, 89-90
10H-3, 76-77
11H-4, 88-89

Depth
(mbsf)

7.95
14.92
16.24
32.63
39.80
44.65
45.92
46.91
47.10
70.39
72.03
73.33
77.50
83.87
94.99

TOC
(wt%)

1.54
1.52
1.71
1.12
1.83
1.04
2.80
1.36
1.26
1.97
1.00
2.59
2.69
2.02
1.08

I I k 'U 3 7

0.731
0.474
0.732
0.572
0.564
0.501
0.483
0.555
0.685
0.740
0.749
0.691
0.632
0.694
0.599

SST
(°C)

23.0
16.7
23.0
19.1
18.9
17.3
16.9
18.7
21.6
23.2
23.4
22.0
20.5
22.0
19.7

^ 50 -

Q.
Φ
a

100

Notes: The calibration curve of Ternois et al. (unpubl. data) which is based on Mediter-
ranean populations of Emiüania huxleyi, was used. This calibration yields tempera-
tures ~2.9°C cooler than the more commonly used calibration curve of Prahl and
Wakeham (1987).

iments found below 260 mbsf. There is an abrupt increase in velocity

to 4.8 km/s at 310 mbsf in the evaporitic sequence (Fig. 60B). A com-

parison of the MST velocity data with the discrete measurements in

the upper 160 m of core (Fig. 60C) shows good agreement down to

60 mbsf. Below 160 mbsf the MST velocities are consistently lower

than the discrete measurements.

Index Properties

Grain densities (Fig. 61 A; Table 17 on the CD-ROM, back pock-

et, this volume) show little change with depth in each individual hole

U37

Figure 50. Sea-surface paleotemperatures calculated from U37 values

obtained from biomarker extracts of sapropels from Hole 975B. The calibra-

tion curve of Ternois et al. (unpubl. data), which is based on Mediterranean

populations of Emiliania huxleyi, was used. This calibration yields tempera-

tures ~2.9°C cooler than the more commonly used calibration curve of Prahl

and Wakeham (1987).

or between the different holes. Virtually all values are in the 2.7-2.8

g/cm3 range.

Bulk density (Fig.61B) increases from 1.7 g/cm3 at the seafloor to

1.9 g/cm3 at 150 mbsf. There is then a slight decrease in the values

from 150 to 250 mbsf. This occurs in the same interval as the changes

in the sonic velocities mentioned above.
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Table 14. Interstitial water data from Site 975.

Core, section,
interval (cm)

Depth
(mbsf)

Alkalinity Salinity Cl Ca Mg
(mM) (‰) (mM) (mM) (mM)

Mn
(µM)

Sr SO4

(µM) (mM)
NH4 H4SiO4 Li
(µM) (µM) (µM)

Na
(mM)

K
(mM)

P04

(µM)

161-975B-
1H-1, 145-150
2H-1,145-150
2H-4, 145-150
3H-3, 145-150
4H-3,145-150
5H-3, 145-150
6H-3,145-150
7H-3, 145-150
8H-3, 135-140
9H-3, 145-150
10H-3, 145-150
11H-3, 145-150
14H-3, 145-150
17X-2, 145-150
21X-3, 145-150
24X-3, 145-151
27X-3, 145-151
30X-3, 145-151
33X-3,145-151

161-975C-
1H-1, 145-150
5H-3, 145-150
9H-3,145-150
13H-3, 145-150
16H-3, 145-150
21X-3, 145-150
25X-3, 145-150

1.45
5.55

10.05
18.05
27.55
37.05
46.55
56.05
65.45
75.05
84.55
94.05

122.55
149.55
190.85
220.35
249.25
278.05
306.85

1.45
35.35
73.35

111.35
139.85
187.85
226.15

Note: n.d. = not determined.

A

7.32
7.22
7.29
7.29
7.29
7.44
7.30
7.26
7.24
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7.25
7.15
7.29
7.21
7.21
7.17
7.14
7.10
7.28

7.26
7.26
7.35
7.29
7.31
7.15
7.09

3.331
4.160
4.320
4.363
4.315
4.464
4.291
4.312
4.707
3.874
3.807
3.668
3.569
3.167
2.560
2.248
1.955
1.467
1.357

3.637
4.282
3.782
3.641
3.353
2.599
2.127

B

38.0
38.0
38.0
38.5
38.0
37.5
37.5
37.0
37.5
37.5
37.5
37.5
38.0
38.5
38.0
41.0
42.0
42.0
44.0

38.0
37.0
37.5
38.0
38.0
40.0
41.0

609
608
604
606
609
604
603
603
605
615
614
623
619
614
640
636
648
642
654

603
600
614
621
629
634
642

11.58
10.97
10.65
10.00
10.04
9.79

10.00
10.27
10.63
10.72
11.16
11.69
14.36
17.53
23.81
29.95
36.52
43.36
50.29

11.61
9.81

10.68
13.40
16.45
23.68
30.66

57.65
56.59
56.40
55.22
54.69
54.60
54.73
54.56
54.95
54.96
55.28
55.76
56.38
56.93
57.19
55.23
54.40
53.09
52.67

57.14
53.93
54.67
55.88
55.81
57.72
56.19

23.5
27.0
21.5
13.0
8.0
8.5

11.0
6.5
7.5

10.0
8.0
9.5

11.0
11.0
18.0
14.5
14.5
10.0
6.5

22.0
8.5
8.5

10.0
9.0

17.0
15.0

109
126
136
152
177
201
224
248
282
293
324
355
457
538
632
654
652
582
521

106
197
303
413
503
650
334

30.7
28.6
27.9
26.3
25.1
25.4
24.6
25.7
21.9
24.6
24.5
25.7
29.8
28.6
35.1
38.7
43.2
48.9
51.3

30.2
25.0
24.9
27.6
27.6
34.3
38.8

A

68
158
238
212
234
291
271
303
271
331
323
334
344
319
321
357
339
348
319

79
270
308
146
328
339
345

63
65

104
122
89

214
266
208
221
208
216
229
224
266
294
234
240
247
261

146
214
221
221
232
279
214

n.d.
n.d.
17
17
18
20
20
21
24
25
26
27
32
37
41
42
42
41
40

15
20
26
32
36
40
41

B

530
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531
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534
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545
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536
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581
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11.43
11.46
10.97
10.69
10.26
9.38
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8.76
8.15
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5.85
5.51

11.3
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Figure 51. Concentration profiles of (A) pH, (B) alkalinity, (C) calcium, and

(D) magnesium in Holes 975B and 975C. Solid circles are from Hole 975B,

open squares from Hole 975C. The dashed lines indicate standard seawater

(International Association for the Physical Sciences of the Ocean [IAPSO])

composition.

Porosity (Fig. 61C) decreases with depth from about 65% at the

sea floor to 50% at 150 mbsf. At this depth there is a step increase in

porosity of about 5%, which is also associated with the change from

APC to XCB coring mentioned above. The trend of decreasing poros-

ity with depth continues below this depth. The porosity data do not

Figure 52. Concentration profiles of (A) salinity, (B) chloride, (C) strontium,

and (D) lithium in Holes 975B and 975C. Solid circles are from Hole 975B,

open squares from Hole 975C.

show the disturbances in the 150 to 250 mbsf interval that were ob-

served in the velocity and bulk density data.

Coring Disturbance Effects on Measurements

The effects of coring disturbances on physical properties mea-

surements is further illustrated in Figures 62A, B, showing data from
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Figure 53. Concentration profiles of (A) sulfate, (B) manganese, (C) potas-
sium, and (D) sodium in Holes 975B and 975C. Solid circles are from Hole
975B, open squares from Hole 975C. The dashed lines indicate standard sea-
water (IAPSO) composition.

Hole 975B. The bulk density measurements (Fig. 62A) in the APC
cores show a similar trend in both types of measurements. The offset
in values changes dramatically, with the MST values about 0.15 g/
cm3 lower than the index properties values in the APC cores, but 0.25
g/cm3 lower in the XCB cores. The main cause for this extra offset is
the variable air gap between the XCB core and the core liner, which
is not readily correctable in the MST measurements.

The velocity measurements (Fig. 62B) in the upper, APC-cored
sediments, show good agreement. The MST measurements begin to
show lower values than the discrete measurements below 80 mbsf, as
the stiffer cores begin to separate from the core liner, introducing air
gaps. Air gaps in the XCB cores make MST velocity measurements
difficult if not impossible.

DOWNHOLE LOGGING

Quad combination (quad combo), Formation MicroScanner
(FMS), and geochemical logging tool (GLT) logging data were ac-
quired in Hole 975C. The drill pipe was positioned at 2468.0 mbrf
(41.9 mbsf). The hole was flushed with seawater and then logged be-
tween 42.0 and 309.0 mbsf with no significant operational or hole
stability problems. A full repeat of the FMS log run and a short repeat
section of the quad combo and the GLT logging runs were made. The
intervals logged with each tool string are summarized in Table 18.

The log data are generally of good quality (Fig. 63). Variations of
the borehole diameter occur mainly in the upper part of the XCB-
cored interval. The APC-cored part of the hole and the lower part of
the XCB-cored interval showed much less variability in borehole di-
ameter. One of the FMS tool pads shows quite different microresis-
tivity records compared with the three other pads, indicating an
imperfect contact with the borehole wall.

300 -

Figure 54. Concentration profiles of (A) ammonium and (B) silica in Holes
975B and 975C. Solid circles are from Hole 975B, open squares from Hole
975C.

Borehole deviation was near 0° in the upper 150 m, but it changed
to 3.5° at the base of the logged interval.

Preliminary analysis of the log data show the following results:

1. The resistivity profile is quite uniform over the entire logged
section. Resistivity values increase slightly from 0.7 Qm at the
top of the hole to 1.0 Qm at the bottom.

2. The caliper data from both the quad combo and the FMS clear-
ly show the change from APC (Cores 975C-1 to 975C-16H) to
XCB coring (Cores 975C-17X to 309 mbsf). The XCB coring
appears to generate variations in hole diameter, but these vari-
ations are reduced when XCB coring in harder sediments at
the bottom of the hole.

3. The calipers also detect local increases in the borehole diame-
ter every 9.0 or 9.5 m, throughout the interval from 120.0 to
170.0 mbsf. The depth of these diameter variations corre-
sponds to the pipe break intervals. Figure 64 shows a close-up
of this phenomenon. There is a small discrepancy between the
FMS and quad combo depth data in this preliminary analysis,
but the main application of this may be to provide a precise
comparison of cores and logs, which will be aided by the high
core recovery in this hole.

4. Figure 65 shows original data concerning interval transit times
picked in real-time by the Schlumberger logging unit and re-
processed slowness data. The P-wave velocity determined
from the reprocessed transit times is also shown. Note the near
9.5-m depth periodicity (length of each core interval) of low
transit time values shown in the original data.

5. Preliminary examination of the geochemical logs suggests a
change in the rock chemistry at 184.0 mbsf. The aluminum
values increase sharply below this depth, as well as Si and
gamma-ray values. This probably indicates a higher clay con-
tent in this interval, which has not been clearly identified in the
cores.

IN SITU TEMPERATURE MEASUREMENTS

Downhole temperature measurements were made with the
ADARA temperature tool at five depths in Hole 975C. The instru-
ment worked well on all runs.

The ADARA temperature data were reduced to in situ values (Ta-
ble 19). The individual temperature measurement runs are shown in
Figure 66A-E. Temperature and thermal conductivity measurement
data were combined to determine the heat flow (see "Physical Prop-
erties" section, this chapter). The thermal conductivity shows a gen-
eral downhole increase, and the temperature data were plotted vs. the
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Figure 55. MST data (susceptibility, velocity, density,
and natural gamma) for Hole 975A. Cored intervals
and recovery are shown on the right.

'10
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integrated thermal resistivity (Fig. 67). The best fitting linear regres-
sion to the data is shown in Figure 67 and is an excellent fit. The slope
of the line is the heat flow, 81 mW/m2. This value is significantly
lower than the values measured to the northeast at DSDP Site 372 on
the East Menorca Rise (Erickson and Von Herzen, 1978) and in the
adjacent Balearic Basin (Hutchison et al., 1985). It is, however, still
a high value and in accord with the generally high heat-flow values
in the western Mediterranean basin (Erickson et al., 1977).

SITE GEOPHYSICS

Two intersecting seismic reflection profiles were collected over
Site 975 (Figs. 68, 69) with an 80-in3 water gun. Six main seismic fa-
cies (SF) are observed in the seismic lines (Table 20). Holes 975B
and 975C penetrated the top three SF, and velocity analyses of the
cores from Hole 975B (see "Physical Properties" section, this chap-
ter) allow approximate correlation of the seismic facies to the cored
interval (Table 21).

From 3.60 to 3.73 s (two-way traveltime; 0.34 to 0.47 s below sea-
floor), an extremely high amplitude and continuous series of reflec-
tors is observed. The top of these strong reflections is inferred to
originate from the contact of lithostratigraphic Unit II calcareous
clays with the Unit III gypsum ("M"-reflector). A large impedance
contrast occurs at the contact between the unconsolidated calcareous
clays at the base of Unit II (average velocity of 1.70) and the consol-
idated Unit III gypsum (average velocity of 4.76 km/s). The labora-
tory velocities predict that this contact should be at 3.63 s two-way
traveltime (0.37 s below seafloor), presumably a result of not measur-
ing the core velocities at in situ pressures (higher velocities would re-
sult in shorter two-way traveltime).

Below these strong reflectors, sub-parallel, discontinuous, and
relatively low-amplitude reflectors extend from 3.73 to 3.90 s (0.47
to -0.64 s below seafloor) that are similar in character to those from
3.39 to 3.60 s. The layering in these two SF is partially masked by au-
tomatic gain control (AGC) caused by the extremely strong reflec-
tions above these two SF (3.26 to 3.39 s and 3.60 to 3.73 s).

Discontinuous, sub-parallel to partially chaotic reflections extend
from about 3.90 to about 4.18 s. Below this, irregular slightly-hyper-
bolic, relatively high-amplitude reflections may mark acoustic base-
ment.
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Figure 56. MST data (susceptibility, velocity, density, and nat-
ural gamma) for Hole 975B: (A) 0-80 mbsf, (B) 80-160 mbsf,
(C) 160-240 mbsf, (D) 240-320 mbsf. Cored intervals and
recovery are shown on the right. 160
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Figure 56 (continued).
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Figure 57. MST data (susceptibility, velocity, density, and
natural gamma) for Hole 975C: (A) 0-80 mbsf, (B) 80-160
mbsf, (C) 160-240 mbsf, (D) 240-320 mbsf.
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Figure 57 (continued).
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Figure 58. MST data (susceptibility, velocity, density, and nat-
ural gamma) for Hole 975D: (A) 0-80 mbsf, (B) 80-160 mbsf. 160
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Figure 59. Thermal conductivity for Holes 975B, 975C, and 975D.
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Figure 60. Seismic velocity for Holes 975B, 975C, and 975D. A, B. Same
data shown, but B is at a smaller scale to show the magnitude of the velocity
contrast between the sediments and the evaporites. C. Comparison between
MST and DSV measurements in the upper cores. Note depth scale change.
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Figure 61. Index properties for Holes 975A, 975B, and 975C. A. Grain den-

sity. B. Bulk density. C. Porosity.
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Figure 62. The effects of coring disturbances on MST and index properties
measurements, Hole 975B. A. The increased offset in bulk densities caused
by the switch to XCB coring at 150 mbsf. B. The gradual divergence of MST
and DSV velocities with depth caused by suffer sediments losing contact
with the core liner walls.
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Figure 63. Quad combo tool results (A: 0-150 mbsf; B: 150-300 mbsf) and FMS (4-arms) calipers (C: 0-150 mbsf; D: 150-300 mbsf) for Hole 975C.

Table 18. Logged depth intervals for the three tool strings used in Hole 975C.

String

Quad combo

FMS

GLT

Run

U p l
Up 2

U p l
Up 2

Up 1
Up 2

(mbsf)

309.9-41.9
213.9-91.9

296.3-44.1
299.9-44.3

296.9-43.9
242.6-124.9

Depth

(mbrf)

2736.0-2468.0
2640.0-2518.0

2722.0-2470.2
2726.0-2470.4

2723.0-2470.0
2674.0-2551.0

Tools

NGT/SDT/CNT-G/HLDT/DIT-E
NGT/SDT/CNT-G/HLDT/DIT-E

NGT/FMS/GPIT
NGT/FMS/GPIT

GSTA/ACTC/CNTG/NGTC/TCCB
GSTA/ACTC/CNTG/NGTC/TCCB

Note: mbsf = meters below seafloor, mbrf = meters below rig floor.
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Figure 63 (continued).
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Figure 64. Correlation of cored intervals and log data in Hole 975C.
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Figure 65. Sonic log results for Hole 975C. Interval transit times for raw data
and reprocessed seismic velocity. Reprocessing of the real-time sonic logs
significantly improves their value.
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Figure 66. Temperature vs. time for the individual ADARA temperature tool
r u n s a t " ° l e 975C.

Table 19. Depths and equilibrium temperatures for the ADARA temper-
ature tool runs at Hole 975C.

Depth
(mbsf)

Temperature

21.4
49.9
78.4

106.9
135.4

11.771
13.089
15.376
16.876
18.810

Int. thermal resistivity ([K m2]/W)
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Figure 68. Ship track showing location of JOIDES Resolution single-channel
seismic data collected over Site 975. These data are shown in Figure 69.

Figure 67. Temperature vs. integrated thermal resistivity for Hole 975C. The
best-fitting linear regression to the data is shown by the straight line.
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Figure 69. Northwest-southeast single-channel seismic profile across Site 975. The location of this profile is shown in Figure 68.

Table 20. Two-way traveltime to boundaries of seismic facies observed in the single-channel seismic data shown in Figures 3 and 69.

Seismic facies description
Seismic facies interval two-way

traveltime below seafloor (s)
Seismic facies interval two-way
traveltime from sea surface (s)

Parallel, continuous, high to moderate amplitude 0 to 0.13
Subparallel, discontinuous, low amplitude 0.13 to 0.34
Subparallel, continuous, high amplitude 0.34 to 0.47
Subparallel, discontinuous, low amplitude 0.47 to -0.64
Discontinuous, subparallel/undulating to chaotic, variable amplitude -0.64 to -0.92/1.0
Discontinuous, chaotic to hyperbolic, high amplitude > -0.92/1.0

3.26 to 3.39
3.39 to 3.60
3.60 to 3.73
3.73 to 3.90

-3.90 to -4.18/4.26
>-4.18/4.26

Note: Two-way traveltimes to 100, 200, and 308 mbsf are calculated using laboratory velocities (see "Physical Properties" section, this chapter).

Table 21. Two-way traveltime to several sub-seafloor depths calculated using shipboard laboratory velocity determinations.*

Depth interval
(mbsf)

Oto 100
100 to 200
200 to 308

Average velocity in
interval (m/s)

1567
1623
1697

Calculated two-way
traveltime in interval (s)

0.128
0.123
0.118

Calculated cumulative two-way
traveltime below seafloor to

bottom of interval (s)

0.128
0.251
0.369

Calculated cumulative two-way
traveltime to bottom of interval (s)

3.388
3.511
3.629

Note: *see "Physical Properties" section, this chapter.
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SHORE-BASED LOG PROCESSING

Hole 975C

Bottom felt: 2426.1 mbrf (used for depth shift to seafloor)
Total penetration: 313.7 mbsf
Total core recovered: 307.66 m (98.1%)

Logging Runs

Logging String 1: DIT/SDT/HLDT/CNTG/NGT
Logging String 2: FMS/GPIT/NGT
Logging String 3: ACT/GST/NGT

Wireline heave compensator was used to counter ship heave.

Bottom-Hole Assembly

The following bottom-hole assembly depths are as they appear on
the logs after differential depth shift (see "Depth shift" section) and
depth shift to the seafloor. As such, there might be a discrepancy with
the original depths given by the drillers onboard. Possible reasons for
depth discrepancies are ship heave, use of wireline heave compensa-
tor, and drill string and/or wireline stretch.

DIT/SDT/HLDT/CNTG/NGT: Bottom-hole assembly at -41.5
mbsf.

FMS/GPIT/NGT: Did not reach the bottom-hole assembly.
ACT/GST/NGT: Bottom-hole assembly at -45 mbsf.

Processing

Depth shift: Reference run for depth shift: DIT/SDT/HLDT/
CNTG/NGT. All original logs have been interactively depth shifted
with reference to NGT from DIT/SDT/HLDT/CNTG/NGT and to the
sea floor (-2426.1 m).

Gamma-ray processing: NGT data have been processed to cor-
rect for borehole size and type of drilling fluid.

Acoustic data processing: The array sonic tool was operated in
two modes: linear array mode, with the 8 receivers providing full
waveform analysis (compressional and shear) and standard depth-de-
rived borehole compensated mode, including long-spacing (8-10-10-
12 ft) and short-spacing (3-5-5-7 ft) logs. The long-spacing logs have
been processed in order to eliminate some of the noise and cycle skip-
ping experienced during the recording.

Geochemical processing: (For detailed explanation of the pro-
cessing please refer to the "Explanatory Notes" chapter, this volume,
or to the geochem.doc file on the CD-ROM, back pocket, this vol-

ume). The elemental yields recorded by the GST tool represent the
relative contribution of only some of the rock-forming elements
(iron, calcium, chlorine, silica, sulfur, hydrogen, gadolinium, and ti-
tanium-—the last two were computed during geochemical processing)
to the total spectrum. Because other rock-forming elements are
present in the formation (such as aluminum, potassium, etc.), caution
is recommended in using the yields to infer lithologic changes. In-
stead, ratios (see acronyms.doc on CD-ROM) are more appropriate
to determine changes in the macroscopic properties of the formation.
A list of oxide factors used in geochemical processing includes the
following:

SiO2= 2.139
CaCO3 = 2.497
FeO*= 1.358
TiO2= 1.668
K2O= 1.205
A12O3= 1.889
FeO* = computed using an oxide factor which assumes a 50:50

combination of Fe2O3 and FeO factors. The results of the processing
are presented along with the calcium carbonate measurements per-
formed on board.

Quality Control

Data recorded through bottom-hole assembly, such as the gamma
ray and neutron porosity data above 41.5 mbsf, should be used qual-
itatively only because of the attenuation on the incoming signal.

Hole diameter was recorded by the hydraulic caliper on the HLDT
tool (CALI) and the caliper on the FMS string (Cl and C2).

FACT = quality control curve in geochemical processing. Accu-
racy of the estimates is inversely proportional to the magnitude of the
curve.

Note: Details of standard shore-based processing procedures are
found in the "Explanatory Notes" chapter, this volume. For further
information about the logs, please contact:

Cristina Broglia
Phone:914-365-8343
Fax: 914-365-3182
E-mail: chris@ldeo.columbia.edu

Elizabeth Pratson
Phone: 914-365-8313
Fax:914-365-3182
E-mail: beth@ldeo.columbia.edu
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Hole 975C: Natural Gamma Ray-Resistivity-Sonic Logging Data
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Hole 975C: Natural Gamma Ray-Resistivity-Sonic Logging Data (cont.)
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Hole 975C: Natural Gamma Ray-Density-Porosity Logging Data
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Hole 975C: Natural Gamma Ray-Density-Porosity Logging Data (cont.)
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Hole 975C: Natural Gamma Ray Logging Data
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Hole 975C: Natural Gamma Ray Logging Data (cont.)
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Hole 975C: Geochemical Logging Data
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Hole 975C: Geochemical Logging Data (cont.)
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