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Figure 1. Bathymetric chart showing the position of Site
381 and other Leg 42B sites in the Black Sea. Contour
interval in meters.

SITE DATA
Dates: 7 June-10 June 1975
Time: 74.5 hours (3.1 days)
Position (Figure 1): 41°40.25'N, 29°24 96'E
Holes Drilled: 1
Water Depth by Echo-Sounder: 1728 corr. meters
Maximum Penetration: 503.5 meters
Total Core Recovered: 269.5 meters from 54 cores
Age of Oldest Sediment: Upper Miocene?

Principal Results: Site 381 was drilled upslope of Site 380 in
an area of possible unconformities. The site location is
40°40.25'N and 29°24.96’E, water depth was 1728 m
(Figure 1). The hole was continuously cored to a depth of
503.5 meters and 269.5 meters of sediment were obtained
from 54 cores. Four heat flow measurements were made.
This site, chosen at sea, had a relatively thin sediment
cover and thus we hoped to be able to continue the section
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Figure 2. Lithostratigraphic section recov-
ered at Site 381.

obtained at Site 380. This strategy was partially successful
in that we obtained the oldest sediment yet reached in the
Black Sea—upper Miocene.

Nine sedimentary units were described from this site
(Figure 2), terrigenous muds and chemical sediments are
common as at other sites, while the fauna and flora are
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likewise not very useful. The presence of breccia,
shellhash, and some fauna indicates extremely shallow
water conditions during deposition of some of the
sedimentary units, subareal exposure is possible.

The faunal record, especially the spores and pollen are
not as complete as at Sites 379 and 380; the cool period
Beta appears to be absent and Alpha is somewhat
reduced—these data are useful but not conclusive in
establishing correlation with the other two sites. Pore
fluids did not show the fresh-water sequences common in
the other sites—salinity decreased below 360 meters which
is also different than that of the other sites. It could
be concluded that some of the sedimentary section is
missing—a point also possibly indicated by some
stratigraphic evidence. Some seismic reflectors appear to
correlate with stratigraphic units.

BACKGROUND AND OBJECTIVES

The Black Sea, as discussed in Sites 379 and 380, is an
extremely large semi-enclosed marine basin. It is
connected to the Mediterranean via the Bosporus, a
narrow strait having a sill depth of about 50 meters.
Because of the shallow connection, changes in sea level
can easily cause environmental changes in the Black
Sea. The study of the chemistry and paleontology of the
Black Sea sediments thus can be very useful in
furthering our understanding of the climatic and
geologic history of this area and likewise clarify our
knowledge of worldwide sea level and climatic
changes.

Site 381 was not an originally planned site, but was
drilled when we had to withdraw from Site 380
prematurely because of hole problems. Site 381 was
chosen from examination of WHOI seismic profile A-
11-49 Line 21 (Ross et al., 1974) and a site survey. We
chose this area because it had a relatively thin sediment
section and hopefully we could, with the short time
available, continue the section drilled at Holes 380 and
380A. At the time of our drilling at Site 381 we believed
we had only penetrated the uppermost Pliocene at Site
380. Thus our main objective at Site 381 was to continue
our quest for a Pleistocene and Pliocene section.

OPERATIONS

This site, which was not a planned one, was chosen
on the basis of a previous seismic line and a local
survey. Glomar Challenger approached the area on a
course of 203° T then turned to the northwest running
356°; both these lines passed over potential drilling
areas, where the recent sediment section was relatively
thin. A third pass at 195° and 6.6 knots resulted in the
final site being chosen. A 16-kHz beacon was dropped
at 1915Z (2215 LCT) on 7 June 1975 and the gear was
quickly retrieved. Pipe was lowered at 2340 LCT and
bottom was felt at 0415 LCT on 8 June. Bottom depth
was 1728 corrected meters and felt at 1750 meters
(Table 1).

The hole was continuously cored to 503.5 meters and
54 cores were taken. The pressure core barrel was given
its eleventh test at 195.0 meters. Four heat flow
measurements were tried: at 95.0, 190.0, 209.0, and 475
meters. The second was unsuccessful, probably because
of too many washings in the hole. Circulation was
broken during Cores 4-10 and 12-16. At about 0600

294

hours on 9 June problems started to develop with this
hole, similar to those experienced at Hole 380A. Back
pressures and torque built up, and 80,000 Ib minimum
of extra tension was needed to lift the pipe. One
hundred and twenty-five barrels of mud were added,
but it appeared that we were not adequately getting rid
of cuttings as well as having formation problems. Core
28 was raised after the problem was detected. Back
pressure and torque decreased and we continued
coring. From Core 39 to Core 47 we encountered very
hard brecciated limestone and had very low recovery. A
total of 269 meters (53%)recovery was obtained.
The last core was on deck at 1745 LCT on 10 June. The
hole was filled with mud and we departed about 0100
LCT on 11 June for a 3-hour run to Istanbul and the
end of the cruise. The seismic gear was streamed and
used for part of the short run.

LITHOLOGY

Site 381 was continuously cored to a depth of 503.5
meters. Although it is the shortest sediment sequence
penetrated, it seems that agewise we have encountered
the oldest sediments of the three sites. Pollen data
indicate a Miocene age for the lowermost cores
(Traverse, this volume). Besides the normal terrigenous
mud, there is a great variety of chemical sediments
(Seekreide, aragonite, siderite, and dolomite). As at the
other two sites, biogenic components are not very
important sediment constituents. They are found in
distinct intervals within the core. Based on shipboard
examinations and shore laborary results, the
sedimentary section at Site 381 can be divided into nine
primary lithofacies (Table 2).

Unit 1—Terrigenous Mud (0-171 m)

This unit corresponds to the terrigenous mud unit
encountered in Hole 379A (Subunit 3) and Site 380.
Porewater and palynological data, however, suggest
that much of the upper terrigenous section cored at
Holes 379A and 380 is missing at this site. This is easily
explained by the location of the site on the continental
slope where removal of sediments by slumping is
common. The sediment is a medium bluish gray to
greenish black terrigenous mud. Occasionally the
sediment has a pale brown color and streaks of pale
brownish mud are found throughout the section. The
upper 40 to 50 meters were highly disturbed by the
drilling operations. The presence of occasional turbidites is
indicated by graded bedding. However, the turbidites are
mostly composed of silt- and clay-sized material. Basically,
this unit is a silty clay which makes this unit much more fine
grained than the corresponding units in 379A and 380. The
sediment is principally composed of clay minerals (illite,
smectite, kaolinite, and chlorite), quartz, feldspar, detrital
carbonates (calcite and smaller amounts of dolomite), and
some heavy minerals. Average carbonate content is about
17%. Feldspar is not so common as in Hole 379A and no
K-feldspar was detected. Epidote, hornblende, and garnet
are the most frequent heavy minerals. This heavy mineral
assemblage most probably has its origin in the Danube.

Marine diatoms are restricted to the upper part of
the unit. They are very abundant in Core 1. Besides



TABLE 1
Coring Summary, Site 381

Depth From Depth Below  Length Length
Date Drill Floor Sea Floor Cored  Recovery Recovery
Core  (June 1975) Time (m) (m) (m) (m) (%)
1 8 0450 1750.5-1760.0 0.0-9.5 9.5 5.8 612
2 8 0530 1760.0-1769.5 9.5-19.0 9.5 4.6 483, b
3 8 0615 1769.5-1779.0  19.0-28.5 9.5 5.8 61P
4 8 0700 1779.0-1788.5  28.5-38.0 9.5 34 36bs ¢
5 8 0747 1788.5-1798.0  38.0-47.5 9.5 5.2 550, ¢
6 8 0840  1798.0-1807.5  47.5-57.0 9.5 5.65 59b, ¢
7 8 0930 1807.5-1817.0  57.0-66.5 9.5 7.75 82¢
8 8 1015 1817.0-1826.5  66.5-76.0 9.5 7.6 80¢
9 8 1105 1826.5-1836.0  76.0-85.5 9.5 9.5 100°s €
10 8 1300 1836.0-1845.5  85.5-95.0 9.5 8.5 g9b; ¢
11 8 1345 1845.5-1855.0  95.0-104.5 9.5 1.8 19
12 8 1445  1855.0-1864.5 104.5-114.0 9.5 9.1 96bs €
13 8 1535 1864.5-1874.0 114.0-123.5 9.5 2.2 23b, ¢
14 8 1630  1874.0-1863.5 123.5-133.0 9.5 9.5 10005 ©
15 8 1730 1863.5-1893.0 133.0-142.5 9.5 7.5 79b, €
16 8 1825  1893.0-1902.5 142.5-152.0 9.5 9.5 1009 ©
17 8 1930  1902.5-1912.0  152.0-161.5 9.5 8.2 86¢
18 8 2025  1912.0-1921.5 161.5-171.0 9.5 7.9 83¢
19 8 2120 1921.5-1931.0 171.0-180.5 9.5 8.8 93¢
20 8 2302 1931.0-1940.5 180.5-190.0 9.5 0.6 6¢
21 9 0015 1940.5-1945.5  190.0-195.0 5.0 0.15 ad
22 9 0100 1945.5-1950.0 195.0-199.5 4.5 4.3 96
23 9 0245 1950.0-1959.5  199.5-209.0 9.5 8.9 94b
24 9 0330 1959.5-1969.0  209.0-218.5 9.5 3.4 360
25 9 0430 1969.0-1978.5 218.5-228.0 9.5 6.4 67
26 9 0530 1978.5-1988.0  228.0-237.5 9.5 6.55 690
27 9 0615 1988.0-1997.5 237.5-247.0 9.5 3.8 40®
28 9 0830 1997.5-2007.0 247.0-256.5 9.5 4.7 49¢
29 9 0920 2007.0-2016.5 256.5-266.0 9.5 6.8 720
30 9 2016.5-2026.0  266.0-275.5 9.5 2.7 28b
31 9 1105  2026.0-2035.5 275.5-285.0 9.5 6.2 650
32 9 1200 2035.5-2045.0 285.0-294.5 9.5 9.0 95b
33 9 1250 2045.0-2054.5 294.5-304.0 9.5 7.8 gab
34 9 1405 2054.5-2064.0 304.0-313.5 9.5 7.5 97b
35 9 1505  2064.0-2073.5 313.5-322.0 9.5 8.2 86P
36 9 1605 2073.5-2083.0  322.0-332.5 9.5 3.3 35b
37 9 1655 2083.0-2092.5 332.5-342.0 9.5 5.0 53b
38 9 1800 2092.5-2102.0 342.0-351.5 9.5 0.5 sb
39 9 1900  2102.0-2111.5 351.5-361.0 9.5 1.6 17b
40 9 2000 2111.5-2121.0 361.0-370.5 9.5 0.5 5
41 9 2107 2121.0-2130.5 370.5-380.0 9.5 0.01 1
42 9 2345 2130.5-2140.0 380.0-389.5 9.5 0.8 8¢
43 10 0105 2140.0-2149.5  389.5-399.0 9.5 1.2 13
44 10 0230 2149.5-2159.0  399.0-408.5 9.5 0.1 1
45 10 0345  2159.0-2168.5 408.5-418.0 9.5 0.6 6
46 10 0550 2168.5-2178.0 418.0-427.5 9.5 0.25 25
47 10 0715 2178.0-2187.5 427.5-437.0 9.5 0.1 1
48 10 0830 2187.5-2197.0 437.0-446.5 9.5 8.0 84
49 10 0940  2197.0-2206.5 446.5-456.0 9.5 9.4 9g9b
50 10 1055 2206.5-2216.0 456.0-456.5 9.5 0.0 - 0
51 10 1215 2216.0-2225.5 465.5-475.0 9.5 7.3 77b
52 10 1440  2225.5-2235.0 475.0-484.5 9.5 2.2 23b
53 10 1610  2235.0-2244.5 484.5-494.0 9.5 3.8 40b
54 10 2244.5-2254.0  494.0-503.5 9.5 9.0 9sb
Total 268.96 53

2punch in core.

Gassy with voids.
®Broke circulation.
Pressure core barrel.

Pumped mud.
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TABLE 2
Lithologic Summary, Site 381

Unit Lithology Thickness (m) Interval (m) Core
1 Terrigenous mud 171 0-171 1-18
Subunit la:terrigenous silty 9 161.5-171
sand
2 Seekreide 2 171-173 19
3 Diatomaceous sapropelic mud 112 173-285 19-31
4 Diatom-rich Seekreide 38 285-323  32-35
5 Aragonite-rich diatomaceous ~30 ~323-352  36-38
sapropelic mud
6 Pebbly mudstone, breccia, ~85 ~352-437 3947
shellhash
7 Laminated black siltstone ~28 ~437465  48-50
8 Breccia ~10 ~465-475 51
9 Siltstone =30 ~475-503 52-54

diatoms, Ammonia beccarii are also found in the same
interval. No indigenous nannofossils are reported. The
pollen data indicate a cold climate in Cores 1, 5, and 18;
interglacial conditions are found in Cores 9 and 13
(Traverse, this volume).

Subunit 1A—Terrigenous Silty Sand
(161.5-171 m)

The base of Unit 1 consists of a medium gray silty
sand. The sand is composed of abundant mollusc
fragments and well-rounded quartz and feldspar grains
(Figure 3). Mica, which is common in the previously
encountered sand layers, is totally missing. The sorting
of the sand is extremely good with more than 85% of
the grains in the interval from 315 to 500 ym. Because
of these characteristics, this subunit may be interpreted
as a beach deposit.

Unit 2— Seekreide (171-173 m) Core 19

This unit is composed of only 2 meters of Seekreide.
There is a slight indication of a cyclic pattern (2 to 5 cm
thick) of dark greenish gray and lighter greenish gray
colors. Carbonate content in the lighter intervals is as
high as 57%. The carbonate mineral is calcite.
Throughout the section, mottling produced by
organisms and occasional pyrite streaks occur. It seems
that this unit is correlative with Unit III at Site 380
which implies a major unconformity as all the sideritic
muds, the red varved clays and most of the Seekreide of
Unit IT and Unit IIT of Holes 380/380A is missing. The
unconformity may correspond to the beach deposit of
Subunit 1A.

Unit 3—Diatomaceous Sapropelic Mud (173-285 m)
Cores 19-31

Unit 3 is a dark greenish gray to olive-gray
diatomaceous sapropelic mud. Upon cutting the core
liners, a faint to strong odor of “proto petroleum” was
recognizable. This odor, however, was less pronounced
than those released upon opening the sapropelic layers
at Holes 380/380A. The unit is mainly composed of clay
minerals, quartz, feldspar, siderite, and diatoms. In
comparison to Units 1 and 2, a strong increase in the
smectite content could be observed. The amount of
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quartz and feldspar is low (< 20%) with only very little
plagioclase. Organic carbon content is about 1.7%.
Fresh-water diatoms are abundant from Core 23 up to
Core 33 (Schrader, this volume). In general, the diatom
content is about 25%. Besides diatoms, siliceous
spicules and fish bones are common,

Hardly any reworked coccoliths or detrital
carbonates are encountered in this section. Only traces
of aragonite needles are found. There is a strong
indication that at times of sapropel formation,
carbonates (with the exception of siderite or
manganosiderite) are unstable and become dissolved.
The organic-rich diatomaceous muds are
predominantly found in Cores 20-27. Below these, the
color gradually changes to light olive and grayish
yellow. Two lithified carbonate layers, 3 to 5 cm thick,
are present in Cores 26 and 27. X-ray diffraction and
chemical data reveal that these layers are composed of
manganosiderite. In addition to the two well-
recognizable lithified layers, manganosiderite grains
occur throughout the sapropelic sediments. They can
be identified in smear slides by their morphology
(wheat grains and high relief) and are clearly
distinguishable from aragonite grains. Two lithified
siderite layers were also encountered at Hole 380A, ie.,
in Cores 40 to 41. This suggests that massive siderite
deposition occurred twice during this time period and
can serve as a marker bed for stratigraphic correlation.
The presence of the lithified siderite layers as well as the
same species of freshwater diatoms indicate a
correlation between Unit 3 of Site 381 with Subunit [Va
of Holes 380/380A. A cold period is suggested by the
pollen data for Cores 19, 22, and 24. The climate was
warm from Core 26 onwards.

Unit 4—Diatom-rich Seekreide (285-323 m) Cores 32-35

Unit 4 is a pale olive diatomaceous Seekreide. This
unit is distinguished from the previous unit by the
higher amount of calcite (up to 77%) and the smaller
amount of diatoms (<15%). The calcite occurs in a
finely laminated pattern which is the result of
fluctuating concentrations of calcite, clay, and diatoms.
Up to about 50 individual laminae per centimeter were
counted. It is conceivable that the lamination is a



Figure 3. Silty sand composed of abundant mollusc fragments and well-rounded to sub-rounded quartz and feldspar grains.

consequence of seasonal changes. In addition to the
fine lamination, beds of medium bluish gray to greenish
gray sediment about 4 cm thick were observed. These
larger beds show abundant burrows. A typical example
is found in Core 32. Diatoms are present in the whole
unit and are interpreted as marine (Schrader, this
volume). Fish bones and stenohaline benthic
foraminifers (Bolivina) (Core 35) are reported by
Gheorghian (this volume). The pollen analysis indicate
a warm period. This unit can be correlated with Unit
IVb of Hole 380A.

Unit 5—Aragonite-rich Diatomaceous Sapropelic Mud
(323-352 m) Cores 36-38

Unit 5 is an olive-gray diatomaceous sapropelic mud
containing hardly any carbonates. Intercalated in the
muds are finely laminated carbonates. Carbonate
content in the individual layers ranges up to 69%.
Basically, the carbonate consists of aragonite in typical
needle-shaped crystals. Besides abundant aragonite,
smaller amounts of Mg-calcite are also present. The
average diatom percentage in the sapropelic mud is
about 30% and organic carbon is as high as 6%.

In Core 37, nannofossils (e.g., Braarudosphaera
bigelowi) are present and probably enriched in
individual layers. It is of note that in all three sites,

Braarudosphaera and aragonite needles coexist. This is
probably a consequence of similar environmental
conditions for the formation of aragonite and the
optimal living conditions for Braarudosphaera which
occur at the lower end of the marine salinity scale. The
diatoms encountered in this unit are characteristic for a
brackish-marine environment (Schrader, this volume).
The occurrence of the benthic foraminifer Bolivina also
indicates stenohaline conditions. The climate was warm
as shown by the pollen data (Traverse, this volume). On
the basis of lithology and fossil content, this unit can be
correlated to Subunit IVc of Hole 380A.

Unit 6—Pebbly Mudstone, Breccia, Shellhash (~352-
437 m) Cores 39-47

Unit 6 consists of a mixture of pebbly mudstone,
breccia, shellhash, sand, and “drilling mud.” Recovery
was less than 10%. Often, only a few larger hard
dolomitic pebbles were found in the core catcher. In the
muds, angular dolomite fragments are common. Thin-
section studies of the dolomite fragments reveal a great
variety of criteria (e.g., intraclasts, crusts, pelletal
dolomites, dolomitized oolites, etc.) indicating a
shallow water or even supratidal origin (Stoffers and
Mdiiller, this volume). This unit is correlative to Unit
IVd of Hole 380A. Pelletal dolomites are also present in
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Subunit IVe of Hole 380A. It is suggested that Unit 6 of
Site 381 corresponds to 1Vd and IVe of Hole 380A. The
differences observed in both sites are interpreted as
facies changes caused by the different location of the
two sites (1750 m and 2115 m, respectively). Unit 6 of
Site 381 was deposited in an intratidal to supratidal
environment whereas at the same time Hole 380A was
covered by shallow water, This is supported by the
diatom data of Hole 380A (Schrader, this volume). The
presence of the pebbly mudstone in Hole 380A in Unit
IVd might indicate a shallowing of the sea level with a
corresponding subaerial exposure and erosion at Site
381. Whether the upper part of Unit V of Hole 380A
can also be correlated to Unit VI of 381 is uncertain.

Marine diatoms occur in Core 41 (Schrader, this
volume). The climate was warm as indicated by the
pollen data (Traverse, this volume).

Unit 7—Laminated, Black Siltstone (437-465 m) Cores
48-50

Unit 7 is an olive-gray to olive-black, finely
laminated siltstone with occasional intercalations of
thin silty sand layers. The unit is characterized by
abundant quartz and feldspar (>25%) with the feldspar
often higher than the quartz content. The clays are
predominated by smectite with only minor amounts of
illite, kaolinite, and chlorite. No carbonates were found
in this unit. The organic carbon content is about 1%.

Besides fish teeth and fish remains, diatoms occur in
Core 48 which are thought to indicate a fresh-water
environment (Schrader, this volume). The pollen data
correspond to a warm climate (Traverse, this volume).
This unit was not encountered in Hole 380A.

Unit 8—Breccia (465-475 m) Core 51

Unit 8 is a breccia showing abundant evidence of soft
sediment deformation. Clasts indiciate initial flowage
deformation. They range in color from olive to gray
with some lighter colored ones rich in carbonate. The
sediment consists of clay minerals (very abundant
smectite, little illite, chlorite, and kaolinite), quartz and
feldspar.

Unit 9—Siltstone (475-503 m) Cores 52-54

Unit 9 is mainly a dark greenish gray to olive-gray
finely laminated siltstone. It is distinguished from the
very similar Unit 7 by the presence of small bands (up
to 2 em) of siderite. No other carbonates were found.
The sediment is composed of abundant clay mineral, quartz,
and feldspar and smaller amounts of pyrite. Smectite is found
in very high concentrations (>80%) and is characterized by
an extremely good crystallinity. Hardly any fossil material is
present in this unit. Based on the occurrence of a Pine-
grass-Engelhardia vegetation, this unit is thought to be of
late Miocene age which makes the unit the oldest one cored
during Leg 42B in the Black Sea.

BIOSTRATIGRAPHY

Calcareous Nannoplankton

One hundred forty-one samples from Site 381 were
examined for calcareous nannoplankton for purposes of
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making age, zonal, and paleoenvironmental determinations.
The majority of samples studied were either barren or con-
tained only reworked Cretaceous and Eocene to Oligocene
species. Only one interval from Cores 36 through 38 con-
tained indigenous calcareous nannoplankton (see Table 3).
Five samples (381-36, CC, 381-37-2, 116-118 cm, 381-
37-5, 112-114 cm, 381-37, CC, and 381-38, CC) from
this interval had very rare to floods of Braarudosphaera
bigelowi (Gran and Braarud) together with very rare
Cretaceous and Eocene to Oligocene reworked species.
No age or zonal determinations can be made based on
the stratigraphically long ranging (Jurassic to Recent)
B. bigelowi. However, Bukry’s (1974) data suggest that a
nannoflora comprised of only B. bigelowi indicates a
brackish-water environment.

Other Groups

One hundred and forty samples were examined for
planktonic foraminifers for determining
paleoenvironment, age, and zonal assignment. No
indigenous planktonic foraminifers were observed in
any of the samples. Only one sample (381-11, CC)
contained a small (juvenile) globigerinid (see
foraminifer report by Gheorghian, this volume). In the
process of examining the samples for planktonic
foraminifers, estimates were noted by the author of
other microfossil groups (see Table 3).

The benthic foraminifer, Ammonia beccarii (Linne),
was found to be present in two samples (381-3, CC
[rare] and 381-4, CC [very rare]) (see Table 3). The
core-catcher sample from Core 12 contained a very rare
benthic foraminifer fauna. The core-catcher sample
from Core 43 had species of Elphidium which may be
reworked.

Diatoms are restricted to two intervals—Cores 1
through 4 and Cores 22 through 38 (see Table 3). In the
first interval diatoms occur abundantly or in floods in
samples from Core 1; but are very rare in samples from
Cores 2 and 4, and are absent in samples from Core 3.
Much of the interval from Cores 22 through 38 contains
floods of diatoms (see separate reports by Jousé and
Mukhina and Schrader for detailed analysis of the
diatom flora).

Ostracodes are restructed to two intervals—Cores 1
through 19 and Cores 30 through 37 (see Table 3).
Although the frequencies vary from barren to
abundant, most samples contain frequent ostracodes.
Olteanu and Schneider have each examined selected
samples from this site and their analysis can be found in
another section of this volume.

Molluscs are found primarily in the upper 18 cores,
although they are present in floods in Sample 381-37-2,
112-116 cm and in the core-catcher sample from Core
39 (see Table 3). In many samples, where molluscs are
present, they are abundant. The remainder of the core
interval, excluding the above-mentioned intervals, is
barren of molluscs.

Siliceous spicules occur rarely in the uppermost
portion (Cores 1 and 2) of the hole (see Table 3). From
Cores 3 through 18 they are absent. They become a
more important part of the biota from Cores 19
through 38 and are absent from Cores 39 through 54.



The only other microfossils present are fish teeth and
fish remains. The former are found rare in two samples
(381-23, CC and 381-28-5, 54-56 cm). Fish remains are
frequent in Sample 381-32, CC; common in Sample
381-35-5, 59-61 cm; and occur in floods in Samples 381-
37-2, 116-118 cm and 381-49-3, 130-132 cm.

PALYNOLOGY

All core-catcher samples recovered, Cores 1-54,
contained palynomorphs, extracted by conventional
palynological methods. Shipboard, the procedure
consisted of prolonged heating in 20% HCI, followed
by heating in Calgon detergent, and a float-sink
procedure with ZnCl: specific gravity 2.0 shore procedure
was the same, except that 52% HF digestion was substituted
for detergent-dispersion. This produced cleaner and more
concentrated residues, but an interesting aspect of the ship-
board work was that acceptable preparations were obtained
from all samples without the use of HF,

*““Steppe-Forest Index” (SFI) as a general climatic
indicator, was calculated for each core-catcher sample,
using the following ratio:

Artemisia + Chenopodiaceae + Amaranthaceae

(The above + Pinus + Cedrus + Picea + Abies +
Quercus
+ Alnus + Ulmaceae (and other tree fenera)

The larger the number obtained, the more indication of
comparatively cool/dry conditions in the Black Sea
drainage. Modern surface sediments of the Black Sea
yield a SFI of about 10%.

A “Marine-Influence Index” (MI) was calculated as
the following ratio:

Dinoflagellates + Acritarchs

Dinoflagellates + Acritarchs + Total pollen

Note, however, that some dinoflagellates are fresh-
water forms, and *“‘acritarchs,” while presumably algal,
are by definition a heterogeneous group of unknown
exact relationship, and presumably include fresh-water
forms. Even the modern Black Sea is far from fully
marine and yet surface sediments produce a high (ca.
40%) MI. A very low MI does indicate fully non-marine
environment, however. One especially characteristic
bag-like dinoflagellate, as yet unnamed
(““dinoflagellates 19-20""), is plotted separately as a
percent of dinoflagellates and acritarchs because its
appearance in the record is characteristically sudden
and dramatic. (This fossil was known shipboard as
“bag 51"))

The general palynological results obtained are shown
in Figure 4. It appears that the record at Site 381 is
interrupted—incomplete as compared to Holes
380/380A. The SFI shows that Cores 1-6 represent a
cool period, probably “Gamma.” The comparatively
high MI and the abundance of *‘dinoflagellates 19-20
quite clearly mark Core 11 as the upper limit of cool
period “‘Alpha.” Core 27 marks the end of “‘Pre-

SITE 381

Alpha,” equivalent to Core 35 of Hole 380A. Cool
period *“‘Beta” of 380-380A is missing, and “Alpha” is
somewhat reduced. Core 35 of Site 381 seems clearly
equivalent to Core 54 of Hole 380A. According to
interpolations from standards suggested by van der
Hammen and others (1971) at Core 43 (based on
occurrence of Engelhardia pollen), and Cores 48-54 are
Miocene, based especially on very abundant
Engelhardia, abundant palm pollen, and several
Tricolpites spp. The palynomorphs in Cores 43-54 of
Site 381 and Cores 70-80 of Hole 380A also agree in
having a very characteristic, unusual greenish color.

GEOCHEMISTRY

Gas Analysis

Methane was present in most of the cores at Site 381
as in the previous Black Sea sites. The methane to
ethane mole ratio varied from about 15,000 near the
top to about 1,250 at the bottom. Carbon dioxide was
also present as at the other sample sites.

Pore Fluids

At Site 381 the fresh-water sequences noted at other
sites and in virtually all piston cores were completely
absent. Salinity began increasing immediately with
depth. By Core 3 interstitial salinites had exceeded
Mediterranean levels. However, at 100 meters depth
and 650/00, salinities leveled out and remained
essentially unchanged until below 360 meters. At this
point salinities as well as calcium and magnesium
concentrations declined to lower levels. The core
samples were of excellent quality, and contamination
was excluded as a significant factor in this reversal. Site
381 is not far from Azlantis 11 Core 1460, which alone
among all Black Sea piston cores showed an increase,
rather than a decrease in salinity with depth (see Fig. I,
Manheim and Schug, this volume).

The conclusions from the interstitial profiles are that
the upper sediment section has either been eroded away
or was not deposited. In addition, the reversal in
salinity below the dense cemented limestones and
dolomites in the lower part of the hole indicate that the
hypersaline episode is not due to deeper lying evaporitic
strata but was generated within the Plio-Pleistocene
section of the Black Sea.

One should also comment on the relatively low
salinities, as well as lower Ca and Mg values,
encountered at Site 381 in comparison with Site 380,
These may be explained by the thinness of the evaporite
section representing the hypersaline period, and the
resulting diffusive loss of interstitial salt.

Formation factors at Site 381 follow the typical
pattern of increasing from 3-5 near sea floor strata, to
6-10 in intermediate strata. However, in the hard,
cemented limestone and dolomitic section below 350
meters (Core 38) a value of 256 was measured in a
conglomeratic carbonate rock of very low water content
(1.0%). We do not have good information on the
continuity of the 80-90-meter section of tightly
cemented and highly lithified sediments, but we must
assume that it is considerable. Though the rocks in
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Figure 4. Basic palynological data, Site 381, based on core-catcher samples (see similar chart for Site 380).

question have a measurable permeability, diffusive
communication in this zone may be estimated to be
reduced by at least a factor of 10 over overlying
sediments, with a distinct possibility that diffusive
permeabilities in the section are reduced as much as
fifty-fold over normal sediments in the section.

PHYSICAL PROPERTIES

Sound Velocity, Water Content, Wet Bulk Density, and
Thermal Conductivity

No sound velocity data were obtained between 20
and 382 meters subbottom, nor below 399 meters.
Velocities determined in the terrigenous and
diatomaceous muds recovered from the uppermost 20
meters were in the range 1.47 to 1.56 km/sec. Velocities
between 5.95 and 6.50 km/sec were measured on
dolomite cobbles recovered in the core catcher at 382
and 399 meters subbottom.

Water content decreases from values as high as 52%
just below the mudline to about 25% just above the base
of the terrigenous mud and clay layer at about 150
meters. Water content then increases downwards in the
diatomaceous sapropelic muds to about 300 meters
subbottom, where, on the basis of only a few widely
separated measurements, water content appears to once
again decrease to about 20% in the siltstones and
breccias near the bottom of the hole (Figure 5).

Wet bulk density values are unusually low at this site,
and show a weak tendency to decrease with depth to the
base of the diatomaceous sapropelic mud at 280 meters
subbottom. A slight increase from 1.45 to about 1.60
g/cc occurs in the diatomaceous micrite between 280
and 335 meters subbottom. Density data are missing
between 335 and 443 meters subbottom, but are much
higher in the interval from 443 to 501 meters subbottom
(1.85 to 2.03 g/cc) than were measured above (Figure

6).
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Figure 5. Plot of water content data versus subbottom
depth at Site 381. Water content data were calculated
by weighing sediment samples obtained by the syringe
technique before and after drying.

Thermal conductivity data between the mudline and
166 meters subbottom are highly variable and low (2.32
£0.25 mcal/cm sec®°C, n * 34). The mean of 18 values
between 5 and 66 meters subbottom (2.21 *=0.21
mcal/cm sec®C) is only slightly lower than the mean of
16 values between 107 and 167 meters subbottom (2.43
£0.25 mcal/cm sec®°C), thus the usual tendency for
conductivity to increase downwards is poorly
documented at this site.

CORRELATION OF REFLECTION PROFILES
AND LITHOLOGY

The seismic profile taken by Glomar Challenger on a
northerly approach to Site 381 is shown in Figure 7 (left
part). On the basis of these data the sedimentary
column was divided into four units which show good
correlation with the main lithological division (see right
part in Figure 7). Reflector A corresponds to the
boundary between terrigenous and diatomaceous mud
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Figure 6. Plot of wet bulk density data versus subbottom
depth at Site 381. Wet bulk density data were obtained
using the gamma ray attenuation technique.

and clay. Reflectors B and C correspond, respectively,
to the top of the mudstone and siltstone breccia.
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Site 381 Hole Core 3 Cored Interval: 19,0-28.5 m Site 381 Hole Core 4 Cored Interval: 28.5-3B.0m
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Site 381 Hole Core 11 Cored Interval: 95.0-104.5 m Site 381 Hole Core 12 Cored Interval:104.5-114.0m
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50% Carb. unspec. em) due to gas expansion.
12 Tr Nannos
B DOMINANT LITHOLOGY :
55 2-80 cm
4% Quartz and Feldspar
90% Clay
80 1% Pyrite
5% Carb. unspec.
-lalf ]
o] ORG. CH.
3 3
4 =
5 =
6
—| = A |core
Catcher]

Explanatory notes in Chapter 1
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Site 381 Hole Core 13 Cored Interval: 114,0-123.5m Site 381 Hole Core 14 Cored Interval: 123.5-133.0m
FOSSIL o FOSSIL
CHARACTER || E & CARACTER Iz o 2 g
" w = a|= i = e
gl & |=z|a|8|elb| £ | vimowsr |£]14 LITHOLOGIC DESCRIPTION gl 5 |[z|2|8|elg| E [ vimower |E]2 LITHOLOGIC DESCRIPTION
1212185 = 3|2 N Bl =4 b o - Sle
=3 E Ele =10 BlZEIEIE =1 =
& |=]|8|o == g|= gl= E]5
0 0
13 Bedding in shades of bluish aray Uniform dark greenish gray (56Y 4/1)
(58 5/1 - 3/1) TERRIGENOUS MUD. TERRIGENOUS MUD, 2-5 om voids due
E to gas expansion.
0.5 DOMINANT LITHOLOGY:
1 75 55 1-15 am DOMINANT LITHOLOGY :
[0, 45, 55] 1 S5 4-72 cm
1.0 5% Quartz and Feldspar [0, 50, 50]
50% Clay 5% Quartz and Feldspar
< 5% Pyrite 50% Clay
40% Carb. unspec. 5% Pyrite
40% Carb. unspec.
Core 2] Tr Calc. nannos
T cla Catcher -1
2 4 ors. cn.
3
4 72
5
"
4
6 4 ome. on
= € *]core
Catcher

Explanatory notes in Chapter 1
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Site 381 Hole Core 15 Cored Interval: 133,0-142.5 m Site 381 Hole Core 16  Cored Interval: 142.5-152.0m

FOSSIL HE FOSSIL I
. GUARACTER || HE & ARACTER |=| . g|g
b= — [- 4
gl 8 |zla|8le|5] & | crmowsr | £ LITHOLOGIC DESCRIPTION gl & |= 2 8lw|B| & | vrmowsy [ £[2 LITHOLOGIC DESCRIPTION
frr) o )
EHHEE & 2|8 SHHEEE ElE
gl=|gls == A ES |5 Z|0
0 0 DRG. CH
- Mostly greenish black (56Y 2/1) - Dark greenish gray (56 4/1) to
=) TERRIGENOUS MUD. Locally cal- greenish black (5G 2/1) TERRIGENOUS
7 Careous. MUD, 1-10 on voids due to gas
0.5 0.5 expansion.
1 oms. cu. DOMINANT LITHOLOGY :
1 . 55 2-90 cm 1 DOMINANT LITHOLOGY:
— 15% Quartz and Feldspar 55 6-125 em
1.0 85% Clay 1.0 754 Clay
1 5% Dolomite
] ] 130 20% Caleite
. K-ray:
-} ot E-116 to 118
58 5/1 alcite 30%
S Quartz 10z
. Feldspar 61
a1
2 o 56 4f 2 — Pyrite 2
Halite 1%
] Layered silicates 51%
3 Carb. bomb 30%
Mottled E Grain Size:
58 31 = g TLELp NS
d — an :‘
5o 611 - OR6. CH. 5ilt 4%
3 3 = Clay 531
3
3
56Y 211
4 4 3
=
56Y 2/1 .
5 5
56 6/1 E
a6 56 4/1 -
6 6] o
56 6/1
1 125
—| & a [core —~|a]- [Core
Catcher| Catcher|

Explanatory notes in Chapter 1
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Site 381 Hole Core 17 Cored Interval:152.0-161.5 m Site 381 Hole Core 18 Cored Interval: 161.5-171.0m
FOSSIL e |w FOSSIL =1y
CHARACTER | = alg CHARACTER 2l
o ¢ FT1e1 18 & HE g| % 5|15 L
2 § == w0 sl B | LITHOLOGY =2 LITHOLOGIC DESCRIPTION 2 s slal8]e|s = LITHOLOGY | = | 2 LITHOLOGIC DESCRIPTION
S HEE R Sl = A = & Sle
= =lE = B= = ElE =
AR EE |3 HEIEE = b=
0 0
Predominantly greenish black -] Coarse medium gray (N5) TERRIGENOUS
(56 2/1) TERRIGENOUS CLAY with ] CALCAREQUS SILT with abundant
mottles of dark greenish gray ] mollusc fragments. Lower part of
(56Y 6/1). 0.5 the core is a finer greenish gray
7 (56Y 6/1) TERRIGENOUS CARBONATE
90 Lower part of the Section s a 1 - MUD. Several 5-10 cm voids due to
TERRIGENOUS CARBOMATE MUD. .0 =3 gas expansion.
DOMINANT LITHOLOGY: DOMINANT LITHOLOGY:
56 2/1 55 1-90 cm 55 2-30 cm
- 2% Quartz and Feldspar [0, 85, 15]
- Tr Mica 7% Quartz and Feldspar
. 90% Clay 10 Tr Mica
= 4% Pyrite 12: ’C,'Ia;ift
- 4% Carb. unspec. yrite
2 - ORG. CH. Tr Nannos 2 75% Carb. unspec.
- MINOR LITHOLOGY: 3 $5 5-80 n
3 §5 6-80 cm = [0, 50, 50]
] 5% Quartz and Feldspar = 10% Quartz
- 30% Clay = Tr Mica
652 Carb. unspec. - 30% Clay
] Tr Pyrite
= i 60% Carb. unspec.
3 3| 3
4 al 4 o on
o
-
5 5 80
56 6/1
6| A & 6
T =] Al Alcore | e ledesse
Catcher|- Catcher]—

Explanatory notes in Chapter 1
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Site 381 Hole Core 19 Cored Interval: 171.0-180.5 m Site 381 Hole Core 20 Cored Interval: 180.5-190.0 m

FOSSIL Y FOSSIL -
CHARACTER |- = 2 CHARACTE! = a
i w = gl & 2 i w T T=T1T 15 2 o g
] ] | |E]LIE] & | vithorosy |2 | = LITHOLOGIC DESCRIPTION 2 z =|u |8, |5 & | timowoey | £f = LITHOLOGIC DESCRIPTION
R e 3lg ~ 15 ElEER B 3|
= — - -
HEAE |3 g|2|5|E £|5
0 0
. 5 Greenish gray (56Y 6/1) to darker . Dark greenish gray (56 4/1)
B greenish gray (56Y 5/1) in alter- - TERRIGENOUS CLAY,
= nating beds (2-5 cm), but no really 7 voIo
05— apparent cycles. Both colors contain 0.5 DOMINANT LITHOLOGY:
7 “CHONDRITES® type burrowing, SEEKREIDE. . §5 1-110 com
1] 3 1 3 o, 10, 90]
- The lower part of the core (Sections - 5% Quartz and Feldspar
1.0 3, 4, 5, and 6) are mainly a dark 110l 85% Clay
- greenish gray (56 4/1) medium bluish Tr Pyrite
] gray (5B 5/1) TERRIGENOUS CLAY. < 10% Carb. unspec.
s 8 DOMINANT LITHOLDGY : Site 381, Core 21, 190.0-195.0 m: Same facies,
= 55 2-120 cm s )= a 15 om recovered.
. 40 [0, 10, %0]
= 50 2% Quartz and Feldspar
2 - 3% Mica
. 904 Clay sit Hol co Cored Interval: 195,0-199.5
53 Pyrite e 381 ole re 22 ored Interval: 195.0-199.5 m
Tr HNennos FOSSIL S w
ped CHARACTER | = glg
WINOR LITHOLOGY: i w g = sz
55 2-40 cm 2 = 2 5] & | LITHOLOGY 214 LITHOLOGIC DESCRIBTION
5% Quartz and Feldspar ~ 1 g- E 2 Q =g B~
Tr Heavies =15 < =5
45 80% Carb. unspec. £ B8 1=
" 0
Y-ray:
3 1-76 to 78 6-86 to B8 Uniform olive gray (5Y 4/1)
-] Calcite L3} 0% TERRIGENOUS CLAY grading over
] vomo Quartz Fi 131 ta DIATOMACEOUS MUD.
Feldspar ox 5% 0.5
Pyrite i 0z DOMINANT LITHOLOGY:
o Halite 2% 2% 1 80 55 1-80 om
Layered silicates 46% B0% [0, 10, 90]
1.0 5% Quartz and Feldspar
50 Carb. bomb 42% oz 5Y 41 2% Mica
58 5/1 . 90% Clay
to Grain Size: 2% Pyrite
56 41 T-76 to 78 6-B6 to 88 Tr Carb. unspec.
Sand 0% 1% Diatoms
5i1t 51% 15%
Clay 49% 851 55 3-133 o
? [0, 55, 45]
1% Quartz and Feldspar
i Tr Mica
58 5/1 B 405 Clay
£ 2% Pyrite
B 7% Carb. unspec. (Aragonite?)
= 503 Diatoms
B X-ray:
= 1-76 to 78
] Quartz 3%
3 = Feldspar 4%
- Halite 2%
-] Layered silicates 81%
] 113 Carb. bomb [iT3
56 4/5 LT e Bl Grain Size:
s — 176 to 78
Catchery
Sand
5ilt 171
cl 83t
1s|— |- |F B
Explanatory notes in Chapter 1
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Site 381 Hole Core 23 Cored Interval:199.5-209.0 m Site 381 Hole Core 24 Cored Interval: 209.0-218.5 m
FOSSIL = E FOSSIL HE
U T 7 Z|g L« o [ARACTER f= 5|
§ 5 = '5 Wl oLITHOLOGY | 2| @ LITHOLOGIC DESCRIPTION g =1 . . § w s | LITHOLOGY g 1 LITHOLOGIC DESCRIPTION
~ lz|g]EelE B 5l ] A = 3|E
HHEE 2|5 SHEEE =
2ls1218 g1= gl=]315 gl
0 0
= Dark greenish gray to olive gray - Olive gray (5Y 4/1) to dark
- organic rich DIATOMACEOUS MUD. A - voID greenish gray (56 4/1) organic
s a5 pale olfve sideritic(?) interval - rich DIATOMACEOUS MUD.
0.5 occurs in Section 4 (80 to 100 cm). 0.5
= : DOMINANT LITHOLOGY:
I A DOMINANT LITHOLOGY : 1 - 55 1-90 om
5 55 2-145 cn 1 50 [0, 55, 45]
1.0 [0, 50, 40] 1.0 1% Quartz and Feldspar
- 56 41 4% Quartz and Feldspar - Tr MHica
. 40% Clay - 45% Clay
- 5% Pyrite and Opaque 41 Pyrite
L2 Tr Zeolites . 50% Diatoms
] 1% Carb. unspec, -
- 50% Diatoms 3 52 X-ray:
~] . 1-76 to 78
- X-ray: -1 Quartz 5%
2 B 4-90 to 92 2 - Feldspar 6%
=] Quartz [3] — Halite 2%
-1 Siderite 277 . Layered silicates 77%
] Layered silicates &7% %
- 145 - Carb. . bomb 0z
T Carb. bomb 0% =
- -1 Grain Size:
. Grain Size: . T-76 to 78
= =90 to 92 — Sand [}
1 Sand = Silt 41%
3] 3 silt 56% 3] 3 ome. cH. Clay  59%
4 Clay 43 i
a4 3 8 107 6/2 | 3
=] - voID
130 -
* 3
= 56 4/1 =
5 7 =
3 s|=[—|A Core
] Catcher]
= Explanatory notes in Chapter 1
6] I oORG. CH. d
=1~ | *|core
Catcher
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Site 381 Hale Core 25 Cored Interval: 218.5-228.0 m Site 381 Hole Core 26 Cored Interval: 228,0-237.5 m
FOSSIL = FOSSIL HE
CHARACTER = CHARACTER = |a
wl ¢ FT 12718 2 HE w| w amEE HE
= = | w v = G H I = |w w =] ‘3
2 8 Gl | LITHOLOGY | € | 2 LITHOLOGIC DESCRIFTION 2 3 2 o LiTHoLOGY | 2 | < LITHOLOGIC DESCRIPTION
R = - A 5= =825 s ¥ Sle
2 S =1 I3 S |= E .3_4 v 2=
HEHIEE z|3 HEEE HE
0 0
1 0live gray (5Y 4/1) to dark greenish ] Dark greenish gray (56 4/1)
- gray {56 4/1) DIATOM-RICH MUD. 3 organic rich DIATOMACEOUS MUD
. =l to CLAY.
b . DOMINANT LITHOLOGY: o5 =
7] & §5 3-75 ] & DOMINANT LITHOLOGY:
1 3 3 [0, 30, 70] 1l 3 o 55 3-48 em
] E 102 Quartz and Feldspar - s [0, 45, 55]
1.0 Tr Mica 1.0 5% Quartz and Feldspar
- Tr Heavies 1 Tr Mica
. 70% Clay = 55% Clay
5% Pyrite < 2% Pyrite
i 5% Carb. unspec. ] Tr Carb. unspec.
. 10% Diatoms 40% Diatoms
= X-ray: = A Tithified siderite interval
— 2-76 to 78 E occurs in Section 2 (90 to 95 cm),
2 73 2
. Quartz [} ]
| Feldspar kg H-ray:
- Halite 2 E 3-106_to 108
= Layered silicates 81% = Quartz Tex
-1 — Feldspar 4%
= Carb. boeb oz - Y Halite 2
- — Layered silicates 821
- Grain Size: o
— Z-76 to 78 - 48 Carb. bomb o
m Sand TE
3 ] 15 silt 20% 3 - Grain Size:
1 Clay 793 3-106 to 108
| - Sand 0%
J 7 $ilt Nz
= 3 Clay 693
4 3 4 =
. o 39
51 3 5| 3
— || Alcere [ = T|—]|—] A|cere
Catchen] Catcher]

Explanatory notes in Chapter 1
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Site 38] Hele Core 27 Cored Interval: 237.5-247.0 m Site 38! Hole Core 28 Cored Interval: 247,.0-256.5 m
FOSSIL = | = FOSSIL = -
CHARACTER 1| ., z|% CHARACTER [=| 2 %'
T w 2 =
g 2 |-|.|8l.l5l B | cowowsy [ 2] 5 LITHOLOGIC DESCRIPTION ] g |=z|z|Blelg| g | vrmooer (2= LITHOLOGIC DESCRIPTION
LT 3|2 N E H H G 3|8
HEHEE B 12155 : E|S
0 0
=1 Olive.gray (5Y 4/1) organic rich = Grayish olive (10Y 4/2) organic
. DIATOMACEOUS MUD. A Tithified - rich DIATOMACEOUS MUD.
= siderite layer occurs at 60 cm. .
0.5 The lower section shows pods of 0.5~ DOMINANT LITHOLDGY:
- 5Y 4N sideritic(?) "Wheat grains". = 55 6-134 em
1 = 1 ] 40% Clay
DOMINANT LITHOLOGY : -1 60% Diatoms
1. $5 1-114 em 1.0
=4 114 [0, 50, 50] - $5 2-75 em
- 3% Quartz and Feldspar - voIo [0, 60, 35]
= 2% Mica - 2% Quartz and Feldspar
. 50% Clay =] Tr Mica
. 5% Pyrite . Voo 35% Clay
. 10% Carb. unspec. {Siderite?) -~ 1% Pyrite
e 30% Diatoms = ﬁg: g:rb. unspec.
- = atoms
2|l 3 Kyt 2 7 7%
= 3-108 to 110 =] X-ray:
= Quartz 0% = 3-41 to 43
= Feldspar 3 3 Quartz %
- Halit 2% Feldspar 2%
Layered sflfcates 85% Halite 1%
=] A | core Layered silicates B61
Catcher Carb. bomb- 0% hx
Carb. bomb 0E
Grain Size: -
3-108 to 110 3 =t Grain Size:
Sand 3E - =41 to 43
silt 321 =] Sand [
Clay 65% 5i1t 40%
B Clay  60%
-
3
4 3
5| 75
6 -
. 134
11—1— Core
Catcher|

Explanatory notes in Chapter 1
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Site 381 Hole Core 29 Cored Interval: 256.5-266.0 m Site 381 Hole Core 30 Cored Interval:266.0-275.5 m
FOSSIL | FOSSIL = | w
wi = o -
g 3 |z|g|8|elo| & | cimowsr (]2 LITHOLOGIC DESCRIPTION g 5 |=|u|8|e|5] & | timowey | 2|4 LITHOLOGIC DESCRIPTION
B E L HEE R 3| R FIHHE R 2|2
HERE e 2l2|5]|6 b
0 0
_.vw:uu___ Light olive gray (5Y 5/2) grading = Light elive gray (5Y 5/2) to
down to yellowish gray (5¥ 7/2) - yellowish gray {51‘ 7/2) DIATOMACEDUS
. DIATOMACEQUS MUD to CLAY. Diatom . vOID CLAY to MUD. Laminated on mm to cm
0.5~ vOI1D percent varies from 10 to 60. n.5—1 scale.
1 = DOMINANT LITHOLOGY: 1 - 5Y 5/2 DOMINANT LITHOLOGY:
- 55 1-130 cm - 55 2-135 cm
1.0+ 55% Clay 1.0 [0, 40, 60
- 130 15% Carb. unspec. - 102 Quartz and Feldspar
= 30% Diatoms - 138 50% Clay
15% Carb. unspec.
. X-ray: . 25% Diatoms
- 2-34 to 36 4-66 to 68 -
— Calcite 7% - X-ray:
= Dolemite 0% 0% (= 2-130 to 132 3-46 to 48
2 Quartz 1% 8% 2 4 voip Calcite 73t iEH
- Feldspar 3t 0% = Quartz 7% 7E
-] Halite 1% 1% — Feldspar 2% 2%
. Pyrite 0% Tr = Halite 15 1%
il Layered silicates B85% T4% = 135 Pyrite 0% Tr
— = Layered silicates 67% 763
= Carb, bomb 0% 17z ]
-~ — Carb. bomb 23% 14%
: 5-30 to 32 6-50 to 52 ]
— Calcite T T4z . = Grain Size:
b= Dolomite 0% 1% = -130 to 132 3-46 to 48
3 ] Quartz o B 3 . Sand 1L
b Feldspar n ra -1 511t 423 581
= Halite 7% 7z - Clay 58% 41%
] Pyrite i1 i3 -
. Layered silicates 75% T4z R
] Carb. bomb 128 15% TI=|F|A Core
=l Grain Size: Catcher|
4 ] 55 Sand to.36 4—-—-—-u-r—-'“ to o8 Explanatory notes in Chapter 1
7 5ile 463 531
] Clay 53% 47%
- 5-30 to 32 6-50 to 52
— Sand 0%
511t 613 443
— Clay 38 56%
5
E 21
6 3
Core
— |—| A |Catcher]
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Site 381 Hole Core 31 Cored Interval: 275.5-285.0 m Site 381 Hole Core 32 Cored Interval: 285.0-294.5 m
FOSSIL = | FOSSIL am
CHARACTER | = Zle CHARACTER | = “lg
w 3| ¢ s|3 Wl e mEamEE 5l%
gl 5 |=|alE|a|g]| & [ Limowsr [ £ |2 LITHOLOGIC DESCRIPTION gl 3 [=z|ual8|el5] & [ c1mowsy [£ (2 LITHDLOGIC DESCRIPTION
S = -1 8 - - Sl N lElgl2lElE 2 512
] 3 ElE =g = = g E|IE =|E
& als =1 = = a]1= x |3
0 ] The top part of Section 1 is a
greenish olive (10Y 4/2) DIATOMACEDUS
- Grayish olive (10Y 4/2) laminated - CLAY.
1 DE:;OHRCEOUS CLAY to DIATOM-RICH = The rest of the core (Sections 1-6)
o.s  vom ) = 107 472 is a SEEKREIDE of 1ight alive gray (5V
4 DOMINANT LITHOLOGY: 3 & 6/1) to yellowish gray (5Y 8/1) color.
1 - 55 2-75 em = Varves in a ~4 cm cycle of medium
3 o, 20, 80] NG to bluish gray (58 5/1) and greenish
1. ] 5% Quartz and Feldspar 56 6/1 gray (56Y £/1) color are present
4 755 Clay ns in Section 1. Burrowing occurs in
. 2% Pyrite 120 the greenish gray intervals. The
3 5% Carb. unspec. darker parts are composed of a pyrite
15% Diatoms bearing silty SEEKREIDE. A 0.5 om
32 thick sand layer is found in Section
X-ray: 10¢ 672 4 at 88 cm. The rest of the core is
2-82 to B4 3-44 to &6 54 6 very faintly Taminated (0.1 to 1 cm).
Calcite FLH pi i
2 1% 107 6/2 Quartz 7 134 73 L DTN LT 0eT:
2] e1cenar: 4 14 3% Quartz and Feld
5Y 6/ Halite it % Pt E‘]‘:; 2 end Feldspar
Layered silicates £7% 81% 2% Pyrite
75% Carb. unspec.
Carb. bomb 24 2% 107 672 il P
to INOR: LITHOLDGY :
Grain Size: 5 8/4 S5 1-66 cm
-BZ to B4 3-44 to 46 5% Quartz and Feldspar
63 Sand ~ 0% 0% 564 Clay
3 Silt 40% 51% 154 Carb. unspec.
10L:4/2 Clay  60% a9s 25% Diatoms
e X-ray:
1-59 to 61 2-74 to 76 4-3 to 5
Calcite 111 51T TeX
58 5/1 Dolomite 0% 01 (179
Quartz 101 3 2%
58 5/1 Feldspar 3% [1}4 0%
Halite Fad 1z 1%
5Y 8N1 Layered
4 silicates 80% 45% 21%
L B6:471 Carb. bomb 5% 5% 165
5YR 8/1 4-47 to 49 4-91 to 93
with some Caleite L .
58 7/1 layers Dolomite 0 2%
Quartz x4 o%
g ® &
5¢ 6/1 i ite
1oy 4/2 Layered
Siternatind  silicates 512 b
5 5Y /1 tarb. bomb n 0%
- Grain Size:
J B9 to 61 2-T4 to 76 4-3to 5
= Sand [ [
511t 52% 53% 55%
. 58 5/1 Clay 471 471 451
— 4-47 to 49 4-91 to 93
= sa T i3
6 - 5ilt 541 53%
6 | 5 61 Clay  #51 261
Core Core
Alcateher 7 |—|—| ¢ |Catcher

Explanatory notes in Chapter 1
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Site 381 Hole Core 33 Cored Interval: 294.5-304.0 m Site 381 Hole Core 34 Cored Interval: 304.0-313.5 m
FOSSI w FOSSIL HE
cmACTER = g g cuaRacTER || 2 g
s = wr w 1 x 2| =
gl 2 |=|alB8lolEl 3 [ crmowsr |2 |3 LITHOLDSIC DESCRIPTION g4l 5 |= 8lulE] & | timowey |2 |4 LITHOLOGIC DESCRIPTION
~ 1518121815 & Z|e FOIg)E|2|ElE & =1E
| | e 2= SIS IEIE =15
HEIRE HE £|212)5 =
0 0
Section 1 cycles (3-5 cw) of finel
1 Basically a finely laminated SEEKREIDE = Taminated p{]g olive layers and !
= of pale olive (10Y 6/2) color. . massive grayish olive layers. A1l
B - other sections are composed of
0.5 Tor 82 The grayish olive intervals (10Y 4/2) 5] finely laninated pale olive (10Y
vy (S are 3 DIATOMACEOUS CLAY. Sections 4 il 3 L 6/2) SEEKREIDE.
- and 5 consist of alternating grayish
b .02 olive (10¥ 4/2) and pale olive (10¥ 1.0 The Tower part of Section 6 consists
= 6/2) layers. = of not very distinct cycles about
- -1 3-5 cm of alternating dark greenish
- DOMINANT LITHOLOGY : ] gray and pale olive layers of
- 55 4-82 om -1 DIATOMACEOUS MUD.
- Tr Quartz and Feldspar ]
5 0y 6/2 30% Clay B DOMINANT LITHOLOGY:
il and 5% Pyrite = 55 1-74 cm
= 58Y 6/1 55% Carb. unspec. . 20% Clay
= 10% Diatoms 2l 3 5% Pyrite
- fa 75% Carb.
— MINOR LITHOLOGY: = 2% Diatoms
3 120 55 4-79 =
oo -
o= 55% Clay - MINOR LITHOLOGY:
Dooc 33: JE!:;I? -] ?5 6-50 ua]
Pbooo- arb. unspec. -] ol
Fo oo 10-15% Diatoms 3 15% Quartz and Feldspar
SN=N=N= 56Y 7/1 -
e —— = o0% Clay
= —ray: . e
Feou - 2-76 to 78 4-B4 to 86 3| 4 10% Carb,
3 Fooo Calcite ok 5% 3 10% Diatoms
i Quartz 2% il =
—_\;‘-ﬁ,_; oY 4/2 Feldspar 3 o = A-ray:
q - Halite 1% 1% B 3-76 to 78 5-85 to 87
2 Layered silfcates 223 421 - Caleite BIL Tt
_V%cg - Quartz 4% 2%
T~ Carb. bomb 76% 55% - Halite 1% 1%
J~85 —_— - Layered silicates 34% 20%
oo rain Size: —
i i T~ . VoID
] = -76 to 78 4-84 to 86 - Carb. bomb 61% 17
4| Ios=s 1 Sad BT 4
4" FESA: Site 23% 64% s Grain Size:
=¥ oo Clay 174 36% 3 -76 to 78 5-85 to 87
4™~ oo -1 Sand %
:v—v—’unc:- - St 2% 851
T o = Clay  27% 15%
q o P
B 3 *
v —Je
5| 4. & 5| RS
el =3 ‘;ﬁ:’
- T oo
s Booo
: E=1=1 _'Dﬂﬂc'nn
=T=]
=l e|*|ere o E e
Catcher] nijﬂ:ﬂﬂ = :anD&
00T (==}
< dooe
—“o o
6 Ell:lccf
(=]
ja X = T3
oo
re
|| * |catcher
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Site 381 Hole Core 35 Cored Interval: 313.5-323.0m Site 381 Hole Core 36 Cored Interval: 323.0-332.5 m
FOSSIL = w FOSSIL =lw
ARACTER || = g J*WC_,r‘TE“ gl o 2 g
T = L =
b 2 |=|w|8lalE] & [ cmiowsr [2]% LITHOLDGIC DESCRIPTION =] g2 |= 8lg|5| & | Limowsy |22 LITHOLOGIC DESCRIPTION
R 15181 218)8 & Sle s OEI8]1E(8lE & HE
ZIZ|Z2|E|” == HEEEE =Z|E
HEIEE = |3 £ bls =
0 0
] Basically a olive to greenish gray 1 Grayish olive (10v 4/2)
- DIATOMACEOUS MUD with interbeds of 1 DIATOMACEOUS CLAY.
] massive and laminated SEEKREIDE and = 10
.5 10V 6/2 pyrite rich CLAY. 0. 65— 107 4/2 DOMINANT LITHOLOGY:
1 ] 55 1-40 om
1 = The darker (5Y 4/1) DIATOM intervals 1 = 70 60% Clay
- - suggest a sapropel. . 40% Diatoms
i.Ut 5Y 4/2 1.0
- SAND layers occur at the top of K-ray:
— Section 4. 2-56 to 58
Quartz T3k
- DOMINANT LITHOLOGY: < Feldspar 3
7 0 §5 2-30 em e Halite 1%
- [0, 70, 30] E Pyrite 13
- = 2% Quartz and Feldspar = Layered silicates B2%
2 -] 1% Mica 2 E 80
S 25% Clay ] Carb. bomb 0%
ey 10Y 6/2 10% Pyrite
- to 2% Zeolite Grain Size:
7 10¢ 4/2 Tr Carb. 7 “2-56 to 58
e 60% Diatoms -] Sand [
: 5Y 6/1 ] voip 511t 50%
- 5Y 4/2 MINOR LITHOLOGY: -] Clay 50%
40 55 3-1M13 em =
= oY 4/2 (o, 25, 75] —
5% Quartz and Feldspar
3 75% Clay 3|
Tr Glass -1
SEY. 411 15% Pyrite =
2% Carb. =
5% Diatoms ]
E 1l Keray: |l
= ot 2-76 to 78 5-63 to 65 I [catener
— 5Y 4/ Calcite FiE 1
= Quartz 12% 14%
A .. feldspar 21 3t Explanatory notes in Chapter ]
-] Halite 1% 1z
=7 Pyrite 1% Tr
. Layered silicates 58% 8%
3 Carb. bomb 211 1%
] Grain Size:
1 35 =76 to 78 5-63 to 65
= shades of S (g} a8t
] alive and Cla 01 51%
51 1 greenish gray - 7
J B 5Y 4/4
= sY 411
j B 56Y 6/1
-
. 56 4N
6 3 -
- - BY 41
. 5Y 4
an
5Y 474
Core
—|—] A |Catcher]
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Site 381 Hole Core 37 Cored Interval: 332.5-342.0 m Site 387 Hole Core 38 Cored Interval: 342.0-351.5 m
FOSSIL 15 FOSSIL el
CHARACTER | =| E g‘ cunmicTER f=| Z g’
= =3 =
4] 35 |z|al8lelE] B | Lrmvower | 2]% LITHOLOGIC DESCRIPTION a g |z|w|8luls] & | LiTHowosy | 2|« LITHOLOGIC DESCRIPTION
E: = ule 4 1 =le =] i = =
SHEEHE R = = 212|255 # 4|8
slE|E|E =|E HEIEE ==
2|2 GlE Z|5 2|zg|E = |3
0 0
. Olive gray (5Y 4/2) DIATOMACEOUS ] Drilling slurry olive gray
— CLAY with interbeds of finely -1 DIATOMACEOUS MUD.
- B Taminated ARAGONITE. 3
0.5 2 5Y 4/2 0.5
3 DOMINANT LITHOLOGY: . YOID
1 = 55 1-58 cm 1 -
— 30% Clay -1
1.0 10% Pyrite 103
-3 203 Carb.
£ 51 7/2 40% Diatoms :
LA,
. she ash A-ray:
u ! 5Y B/2 1-82 to 87 1-123 to 125 A|—]a E:{:her
~ Calcite i [iL8 T
= Dolomite 0% Tr
2 ] Aragonite 35% 795
= Quartz 8 3t Site 38 Hole Core 39 Cored Interval: 351,5-361.0m
— Feldspar i 01 -
E Halite 1% I} FOSSIL HE
] Layered silicates 5B% 7% i | CHARACTER = @ o 3
- at = @ o
< Carb. bomb 181 798 g § zla 1= @ E | LITHOLOGY | = | 2 LITHOLOGIC DESCRIPTION
3 2-110 to 112 5-45 to 47 Z2|2|E15 2 3|2
3 Calcite BL 0% 1A g |3
= . High magnesian = =
. g nca'lci}:e [ 14 0% 0
3l 4 4 e e e PEBELY MUDSTONE
- Feldspar 2% 0%
- Halite 1% 1%
= Layered silicates 67% 283
R Carb. bonb 181 758 !
5-B2 to 84 5-116 to 118
— Calcite 7% I
= Pyrite 1%
4 - High magnesian
= calcite 6% 4
— Aragonite 173 16% —|—] A |Core
Quartz ki 1% Catcher{-
Feldspar 243 2% [
~ Halite 1% 1%
=1 Layered silicates 75% 635
. Site 381 H Core 40 Cored Int 1: 361.0-370.5
. . Bk o 38 e ole re ored In er‘\'a m
=] Laminae of FOSSIL M
-1 aragonite Grain Size: CHARACTER 2| «» = a
=1 Y 4 = 7 1-1 - 1 i =
= 5Y &/2 - to 1-123 to 125 2-110 to 112 8 Z =|ul2 o|E & | Linovosy | 2 2 LITHOLOGIC DESCRIPTION
silt  76% % 574 S1212|El8 = 3|2
Clay 22t 7% 9% HEEE 2|5
5-45 to 47 5-82 to 84 5-116 to 118 =]
Sand % L4 X 1]
511t &7% 45% E4T
A |—| A |core Clay 12% 47 15 ] Light olive gray NANND MARL.
Catcher] -
. DOMINANT LITHOLOGY:
0.5  wvoio 55 1-112 cm
by 5L Quartz and Feldspar
1 3 501 Clay
- 5% Pyrite
1.0 112! 401 Nannos
3 5Y 6/1
= Shell hash
= Core
Catche

Explanatory

notes in Chapter 1

[8€ ALIS



9z¢

Site 381 Hole Core 41 Cored Interval: 370.5-380.0 m Site 381 Hole Core 44 Cored Interval: 399.0-408.5 m

18¢ 4LIS

FAsSIL Gy FOSSIL P g
CHARACTER z2ls w2
W = EI " e o |CURACTER fef Z|g
] 3 |=|al8|elb] & | vimotosy | =] - LITHOLDGIC DESCRIPTION g4l & |=z|w2|8|alt]| & | Limowsy | €2 LITHOLOGIC DESCRIPTION
L] wlo -4 i) g Sle 1= wlelgla 2 5 Sle
2| Z|B2 2w = RS S|E
S a|s = |5 2|3 § £ HE
0 0
: Only a few hard dolomitic pebbles
¥ Only Core Catcher: Y P
C:I:hev g 9 1 Vimestone pebble gtr.:her @ (2] in the Core Catcher.
1 mud ball ) @
Site 381 Hole Core 42 Cored Interval: 380.0-399.5 m Site 381 Hole Core 45 Cored Interval:408.5-418.0 m
FOSSIL I FOSSIL =w
CHARACTER  |= alg CHARACTER = ala
wl @ = = = wl 2 T 12718 8 b -
2 3 =lw] 8ln = LITHOLOGY | 2 | 4 LITHOLOGIC DESCRIPTION 9 = =lualslwls ® | LITHOLDGY g o LITHOLOGIC DESCRIPTION
R 8 - B - 1 Sle Ro|slg|E|ElE & HE
a|Z|EIE =|E S| Z|E|E =15
=|l=|lal= g i B|= aloe =] -
0 0
- Pebble, sand, mud Sand and shell hash
E X-ray:
lo.5-] Ll = o 0.5
3 Dolomite a3t 1
Quartz 1%
Feldspar 1% h.0
Layered silicates 5% |
Carb. bomb 932
tore [
Catcher],
Site 381 Hole Core 43 Cored Interval: 389.5-399.0 m Site 381 Hole Core 46 Cored Interval: 418.0-427.5 m
FOSSIL = FOSSIL e | w
CHARACTER | = Zla CHARACTER |- Zle
wwr 1 3 =1 =k " w g =1 [ = 3
4l 5 |z=|z|8le|5] 5 | cmowsy |25 LITHOLOGIC DESCRIPTION gl 2 |=z|zgl|glels] & | timowsy |24 LITHOLOGIC DESCRIPTION
Sl |55 ¥ o i3 sSl2lslsls] ¢ S|
HEEHE =2|& =1 G S| E
HEEE HE HEREB =
0 0
10 TERRIGENOUS MUD, DOLOMITE AND = Some hard dolomitic rocks in the
SHELL HASH Core Q Core Catcher,
. Catcher| €& &2
0.5 K-ray: R-ray:
2] 2-142 to 145 c
1 Dolomite gt Dolomite 7
=1 Quartz 1% Quartz 31z
1-0-] Layered silicates Tr Feldspar 1%
- voID Layered silicates 11%
7 Carb. bomb 98%
Carb. bomb arx
. Explanatory notes in Chapter |
2
it il Core
Catcher}-"
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Site 381 Hole Core 47 Cored Interval: 427.5-437.0m 5ite 381 Hole Core 48 Cored Interval: 437.0-446.5 m

FOSSIL = |- FOSSIL |
=
g -3 Z|s | owmcree || Zlg
g = 8| |5] = | vimiovosy | € [« LITHOLOGIC DESCRIPTION 1 £ 8| IEl & | timolosy |2 |2 LITHOLOGIC DESCRIPTION
R lzlzlg|elE| & = B g |zla wlS| 5 =
S EHEE 2|8 S R 2|
glslz|E A E glzlale E
0 0
@ Lithified dolomitic rock pieces. -1 Laminated (mm to em) olive gray
Core o - (Y 4/1) to olive black (5Y 2/1)
Catcher| . X-ray: it - organic rich CLAY.
0.5~
Dolomite  BO% - The darker layers are enriched in
Quartz Eih 1 71 ORG. CH. pyrite (+20%). Occasional thin
Feldspar 9% - layers of silt and sand occur.
Carb. bomb 60% 3 The Tower part of Section 6 is
— pebbly mudstone (drilling
- artifact?).
=] 20
DOMINANT LITHOLOGY:
55 5-80 em
= 5% Quartz and Feldspar
2 851 Clay
5% Pyrite
= 5% Organic matter
5Y 41
— to
=] 5Y 2N
3
4
5 80
6
- | = | = |Core
|Catcher]

Explanatory notes in Chapter 1

I8¢ ALIS



8¢

Site 381 Hole Core 49 Cored Interval: 446.5-456.0 m Site 387 Hole Core 51 Cored Interval: 465.5-475.0 m
FOSSIL M FOSSIL I
X - HARICTER {1 ) = B! - | CHARACTER IE i |
g 5 N 18l.I5] & | crmoer | 2 [ LITHOLDGIC DESCRIPTION @ s [.|.]8 =] @ | Loosy [ £ @ LITHOLOGIC DESCRIPTION
sleizlsl 2 4|2 B - =0 B e b b -
I|l=l=|= =2 = = 2| 2
HEIEAE g|3 HELES |5
0 0
Laminae (mm to cm) of olive gr = The whole core is & BRECCIA showing
{5Y 4/1) to olive black (5Y 2/1 = abundant evidence of soft sediment
organic rich CLAY. - deformation. Casts show internal
0.5~ flowage deformation.
Occasional thin 1-2 mm thick silt and 3
sand layers. 1 ~ Mostly TERRIGENOUS MUD, some 1ight
:00] colored layers [within the clasts)
Drilling slurry ispresent below BO ca of carbonate are present. Clasts
om Section 6. =1 are in various shades of olive
Site 381, Core 50, 456.0-465.5 m: NO RECOVERY 3 and gray.
ORG. CH.
3 The lower part of Section 6 is a
- medium bluish gray (5B 5/1) SANDY
] CLAY.
2l 3
3
9
45
4
51
5
6
58 5/1
120

Explanatory notes in Chapter 1
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Site 381 Hole Core 52 Cored Interval: 475.0-484.5 m Site 387 Hole Core 54 Cored Interval:494.0-503.5 m

FIRSIL o = 7055 1L ==
—_EimCTER'_‘lg @ & g’ CHARACTER || Zle
" = w 3 =1 =
] g |.1.18 £ S| Lrmvoosy [ €[ 3 LITHOLOGIC DESCRIPTION & z 2 = S| Lrmvorosy (€ |2 LITHOLOGEC DESCRIPTION
R A =y S olEl|gl2elE g =
SJlzlE 2 2| E dJIZ|E|¥ =B
2lslal5 =1 I ES RS —
0 0
= 1 Dark greenish gray (5GY 4/1) ] Medium gray (N4) to medium dark
-1 TERRIGENOUS CLAYEY SILTSTONE :] gray {N3) finely laminated 5‘_7 mm)
7 with occasional small yellowish 3 TERRIGENOUS CLAYEY SILSTONE.
0.5 voIp gray (5Y 7/2) siderite bands. 0.5— Section 6 shows some brecciation
3 A indicating 2 siderite clasts. Some
1 - DOMINANT LITHOLODGY: 1 ] ORG. CH. small sand layers are present.
55 2-149 cm —
[s, 45, 50] 1.0
120 35% Quartz and Feldspar -
1- 2% Mica -
5% Heavies =
50% Clay o
1- 2% Glauconite =
3- 5% Pyrite .
(13 -1
2 3
128] .
123 149 2
(13 el il B
Site 381 Hole Core 53 Cored Interval:484.5-494.0 m 3
FOSSIL =
CHRACTER |=f o % a
w P £ g ]
4 3 w8l 15| & | Lmowsy | £ |2 LITHOLOGIC DESCRIPTION E 138
“olElglg g e 2 =Rk .
JIE|E|E =|E .
Sl=|lwalE el
sElzlolc et
0
" Dark greenish gray (SGY 4/1) 4
A TERRIGENOUS CLAYEY SILTSTOME.
— Lower part of Section 3 is of -
0.5 olive gray (5Y 4/1) color and ]
7 is finely laminated. Numerous .
= dolomite layers of “crinkly* =
5] appearance are present. Some -3
1.0 indicate soft sediment deformation. 2
-~ —
= 5 71 ORG. cH.
2 -
3
Explanatory notes in Chapter 1
P“Fl == | =|Core
Catche
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