
15. SITE 57

Shipboard Scientific Party1

SITE DATA

Occupied: July 25-28, 1969.

Position: Caroline Ridge: Latitude: 8°40.9;N.
Longitude: 143°32.θ'E.

Water Depth: 3300 meters.

Hole 57.0: Three cores, logged.

Hole 57.1: Four cores.

Hole 57.2: One core.

Total Depth: 335 meters in doleritic basalt.

MAIN RESULTS

Unaltered Upper Oligocene sediments rest on the sur-
face of a fresh coarsely porphyritic doleritic basalt.
The smooth opaque reflector is thus shown to be igne-
ous.

BACKGROUND

The geological setting of the Caroline Ridge has been
discussed in connection with Site 55. The objectives of
Site 57 were the same as those of Site 55 from which
the ship was driven by typhoon Viola, and of Site 56
which reached the base of the sediments but failed to
retrieve a core of the underlying material. The site
(Chapter 13, Figure 2) was chosen on the next-lower
terrace to the north, not very different in elevation
from Site 55. Bottom soundings in the area of Site 57
are given as Figure 1.

OPERATIONS

Site 57 was occupied at 1300 hours on July 25. A
first core was cut in Upper Oligocene coccolith-diatom-
radiolarian ooze, 26 meters below which hard rock was
encountered. Two cores recovered fresh diabasic basalt
to a total depth of 335 meters. Electrical, gamma-
neutron, acoustic, caliper and density logs were run.

1B. C. Heezen, Lamont-Doherty Geological Observatory; A. G.
Fischer, Princeton University; R. E. Boyce, Scripps Institution
of Oceanography; D. Bukry, U.S.G.S. La Jolla; R. G. Douglas,
Case Western Reserve University; R. E. Garrison, University
of California, Santa Cruz; S. A. Kling, Cities Service Oil Com-
pany; V. Krasheninnikov, Academy of Sciences of the U.S.S.R.;
A. P. Lisitzin, Academy of Sciences of the U.S.S.R.; A. C.
Pimm, Scripps Institution of Oceanography.

With the object of recovering the sediment/basalt con-
tact, a second hole, 57.1, was spudded at 0400 hours,
July 27. Three cores were taken in the Tertiary sedi-
ments, and a fourth recovered the desired contact.

A third hole, 57.2, was spudded at 1830 hours on July
27, in order to cut a Pliocene core. The site was aban-
doned at 0130 hours, July 28.

NATURE OF THE SEDIMENTS

Cores taken from three holes at this site recovered sedi-
ment between 37.7 and 335.3 meters below mudline.

Hole 57.0

Hole 57.0 was drilled to a total depth of 335.3 meters
subbottom where olivine dolerite, considered to be
basement in this area, was encountered. Three cores were
recovered. Core 1, drilled between 297.5 and 302.1
meters subbottom, recovered only six meters of nanno-
plankton marl ooze and chalk ooze with colors varying
from grayish-yellow green, grayish-green to (less com-
monly) gray and white. The sediment is compact and
consists largely of nannofossils with significant (5 to
10 per cent) amounts of Radiolaria, sponge spicules
and volcanic glass shards. Planktonic foraminifera vary
from absent to common, and small amounts of clay
minerals, mica and opaque minerals are usually present.
This calcareous sediment has what appear to be several
cyclic sedimentation units. Each cycle consists of a
thinner (2 to 5 centimeters thick) unit comprising thinly
laminated gray, green and white beds that are slightly to
moderately burrowed, and a thick (10 to 15 centim-
eters) unit comprising light gray-green sediment that
is greatly burrow mottled.

Interlayered in the calcareous sediment are scattered,
thin, (1 to 2 millimeters) black ash beds composed
largely of acidic volcanic glass (n = 1.495).

Cores 2 and 3 recovered a total of about 2.80 meters of
olivine dolerite (see description by Melson elsewhere
in this report). This rock is fresh, dark gray, holocrys-
talline, and contains numerous large euhedral plagio-
clase' phenocrysts and smaller anhedral crystals of pyrox-
ene and olivine. The Plagioclase phenocrysts are lath-
shaped, average about 5 millimeters in length and range
up to 10 millimeters. On the basis of its refractive index
the Plagioclase is labradorite (n = 1.565).
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Figure 1. Bottom soundings in area of Site 57.



Hole 57.1

The first of four cores from this hole was recovered
between 43.9 and 53.0 meters subbottom depth and
comprises a uniform white nannoplankton ooze com-
posed dominantly of nannoplankton (largely discoast-
ers) and small amounts, generally less than 5 per cent,
of planktonic foraminifera, Radiolaria, sponge spicules,
fish debris, and small anhedral calcite grains that are
partly finely abraded skeletal material but may be in
part of authigenic origin.

Cores 2 through 4 were recovered between 306.9 and
329.2 meters below mudline, this being the interval
immediately above the basement dolerite. The sediment
within this interval is moderately to greatly burrow
mottled, gray-green to white nannoplankton chalk
ooze interlayered with black volcanic ash beds. As
in Core 1 from Hole 57.0, the succession shows cyclic
sedimentation, but volcanic ash layers are more numer-
ous. In Hole 57.1 the black ash beds form the base of
each cycle and are 5 to 10 centimeters thick; they are
often graded, and greatly burrow mottled. The upper
part of each cycle is marl or chalk ooze in layers 10 to
30 centimeters thick and greatly burrow mottled. This
ooze is less pure than in Core 1 of Hole 57.1 and has,
in addition to abundant nannoplankton, abundant
planktonic foraminifera and significant amounts (5 to
10 per cent) of clay minerals, sponge spicules, Radio-
laria, and volcanic glass shards.

The volcanic ash in Core 2 contains a preponderance
of transparent andesitic (n = 1.53) glass (about 70 per
cent) and olive green basaltic (n = 1.59) glass (about
30 per cent). In Core 3 the glass is nearly all basaltic
(about 90 per cent). All of the ash layers in Cores 2
through 4 are calcareous, containing, in addition to the
abundant angular glass shards, abundant nannoplankton
and common to rare amounts of opaque minerals, feld-
spar, Radiolaria, sponge spicules, and planktonic foram-
inifera.

In the base of Core 4 from Hole 57.1 the contact
between chalk ooze and dolerite basement was re-
covered (see Chapter 38). The basal ooze, which is
firm and somewhat compacted, is unmetamorphosed,
laminated and contains angular fragments of dolerite up
to 3 centimeters across. Layers in this ooze also appear
slightly contorted and brecciated, perhaps due to drill-
ing. At the top of the dolerite is a very thin (0 to 3 mil-
limeters), irregular and discontinuous glassy zone. All
evidence indicates this contact is depositional.

Hole 57.2

One core from this hole was recovered between 34.7
and 43.9 meters below mudline and comprises uniform
white nannoplankton chalk ooze with rare pumice
fragments. The sediment is similar in composition to
that in Core 1 of Hole 57.1.

TABLE 1
Summary of Coring at Site 57

Core No.

57.0-1

57.0-2

57.0-3

57.1-1

57.1-2

57.1-3

57.1-4

57.2-1

Interval Cored
(below mudline)

(ft)

976-991

1075-1085

1085-1100

144-174

1007-1037

1037-1052

1052-1080

114-144

(m)

297.5-302.1

327.7-330.7

330.7-335.3

43.9-53.0

306.9-316.1

316.1-320.6

320.6-329.2

34.7-43.9

Recovery

(ft)

12

7

3

30

10

10

25

30

(m)

3.7

2.1

0.9

9.1

3.0

3.0

7.6

9.1

Water Depth: 3300.1 meters (10,827 feet)

PHYSICAL PROPERTIES

These values are not necessarily related to in situ condi-
tions as these cores were disturbed.

Natural Gamma Radiation

Holes 57.0 and 57.1

Lower Pliocene, late Miocene and Upper Oligocene
nannoplankton chalk ooze (with ash layers) and basalt
were recovered from 34 to 335 meters below the mud-
line. Natural gamma radiation emissions ranged from
zero to 650 with an average of 200 counts/7.6-cm core
segment/1.25 minutes. In general, core averages in-
creased only slightly (50 to 200 counts) with increas-
ing depth. The basalt emitted the highest core average
of 350 counts. The highest single count, however, was
emitted from the Oligocene nannoplankton and chalk
ooze containing green glass (basaltic-andesitic) and with
interlayered volcanic ash. These sediments were cored
at a depth of 330 to 335 meters (Cores 57.1, 2 and 3).
Some ash layers emitted low counts of about 100 to
200.

Porosity, Wet-Bulk Density and Water Content

Holes 57.0 and 57.1

At Site 57 (34 to 335 meters), Lower Pliocene and
Upper Miocene nannoplankton chalk oozes, and Upper
Oligocene marl chalk oozes with interbedded ash layers
had porosities from 40 to 85 per cent (?), wet-bulk
densities of 1.25 (?) to 1.88 g/cc, and water contents
from 31 to 51 per cent. These averaged about 62 per
cent, 1.63 g/cc, and 41 per cent, respectively. System-
atic variations of porosity with depth and lithology
were not evident.
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Sound Velocity

Holes 57.0 and 57.1

Sound velocities through the Lower Pliocene, Upper
Miocene, and Upper Oligocene sediments, recovered at
Site 57, ranged from 1.48 to 1.96 km/sec. The basalt at
the bottom of the hole (330 to 335 meters) transmitted
sound at 5.31 to 6.02 km/sec with an average of 5.60
km/sec. The lower sediment velocities occurred in the
very uniform and soft Pliocene and Miocene nanno-
plankton chalk ooze recovered from 30 to 53 meters
below the mudline (1.48 to 1.58 km/sec). The higher
sediment velocities of 1.62 to 1.91 km/sec occurred
through the firm compact Oligocene nannoplankton-
foraminiferal ooze and tuffaceous marl ooze (with
radiolarians and sponge spicules) which were cored at
297 to 321 meters. These sediments also contained
dark layers of sulphide material and ash. The radio-
larians and ash may have contributed to the sediment
being firm and having higher velocities.

Penetrometer

Holes 57.0 and 57.1

Penetration measurements into Pliocene, Miocene and
Oligocene chalk oozes, retrieved at Site 57, ranged from
0to280× I0"1 millimeters with an average of about 65.
In general, penetration decreased irregularly with in-
creasing depth. The higher core averages (80 to 170 X
I0"1 millimeters) occurred in the Pliocene-Miocene soft
uniform nannoplankton chalk oozes (34 to 53 meters).
The upper Oligocene (297 to 325 meters) nannoplank-
ton and foraminiferal-nannoplankton chalk ooze, tuffa-
ceous marl ooze, and volcanic ash had lower penetration
values of 0 to 80 × I0'1 millimeters. Penetration corre-
lated inversely to sound velocity. The presence of vol-
canic ash combined with coarse grain size and compac-
tion may account for the low penetration in the Oligo-
cene section.

Thermal Conductivity

Holes 57.0 and 57.1

Heat conductivity through sediments from Site 57
ranged from 2.57 to 3.23 × I0'3 ca l -^cm^sec" 1 ,
and averaged 2.92 × I0"3. Conductivity was about 3.0
in the Pliocene and Miocene nannoplankton ooze (34
to 53 meters). In Oligocene nannoplankton oozes (114
to 330 meters), conductivity decreased with increasing
depth from 3.0 to about 2.56 × I0"3 cal^C"1 cm"1 sec"1.
Thermal conductivity was inversely similar to the water
content and directly similar to the penetrability of the
Oligocene sediments.

CONCLUSIONS

The massive opaque reflector at the base of the sedi-
ments is a doleritic basalt flow, emplaced before the
end of the Oligocene.

The similarity of the section in Holes 56 and 56, and of
the reflection profiles over the area, leads the authors
to believe that Site 57 is representative of the area, and
that basaltic rocks here form a smooth floor beneath
Oligocene sediments.

The basalt and its contact with the sediments offer
problems. The coarse (doleritic) texture of the basalt
shows it to be either a sill or a very thick flow ("lava
lake"). The unaltered nature of the overlying sediments,
however, eliminates the likelihood of its having been a
sill. The lack of a chill zone at the top of the basalt
is surprising, especially inasmuch as there is no sign of
weathering and erosion. This might be explained as a
result of the spalling-off of a glassy chill crust, an ex-
planation which receives support from the fact that
several loose pieces of basalt (also fresh) were recovered
from the sediment above the contact.

If this floor were very much older than Oligocene, it
would be expected to have older sediments on it, or to
be deeply altered. Since it is fresh, and directly over-
lain by pelagic Late Oligocene sediments, the age of the
basalt is interpreted as Oligocene.

The north flank of the Caroline Ridge thus appears to
have a young basaltic floor, like the Philippine Sea
(Sites 53, 54), and contrasts sharply with the much
older Pacific Ocean floor farther north. It is suggested
that this younger basaltic floor may be true oceanic
basement, but this cannot be proven.

Basaltic surfaces at sea are not necessarily topographi-
cally rough but can be smooth and flat. The relief as-
sociated with juvenile crust near the Mid-Oceanic Ridge
results from tectonic displacements characteristic of
setting, rather than from extrusion of lava on the sea
floor.

It follows that the flat surfaces which underlie the
sediments over large parts of the western Atlantic and
Pacific Oceans (Ewing's Horizons B and B') may be
basalt surfaces, and may be the top of the oceanic base-
ment.

Further implications of these observations will be
brought out elsewhere in this report.
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Plate 1. Contact between chalk ooze and dolerite
basement Hole 57.1 Core 4.
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HOLE 57.0. 57.1 & 57.2

120

160

200

240

280

320

LITHOLOGIC DESCRIPTION

NANNOPLANKTON CHALK OOZE, whi te, wi th rare pumice fragments

NANNOPLANKTON CHALK OOZE, white

NANNOPLANKTON CHALK OOZE, grayish green, with glass, s i l iceous
f o s s i l s , and foramini fera; also th in black ash beds; s l i g h t l y to
strongly burrowed; cyc l ic sedimentation

FORAMINIFERAL-NANNOPLANKTON CHALK OOZE, white - yellow green, i n te r -
bedded with black calcareous ash; burrow mott led; cyc l ic sedi-
mentation

NANNOPLANKTON CHALK OOZE, gray green, interbedded with dark gray -
black ash layers; contact wi th o l i v ine do le r i te near base of core

OLIVINE DOLERITE; hard, f resh, dark gray, porphyr i t ic

AGE

SERIES-SUBSERIES

PLIOCENE

LATE MIOCENE

LATE OLIGOCENE

LATE OLIGOCENE
LATE OLIGOCENE
LATE OLIGOCENE

Figure 2. Summary oflithology in Holes 57.0,57.1,57.2.
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HOLE 57.0. 57.1 & 57.2

DEPTH NATURAL GAMMA
IN RADIATION

HOLE

WET-BULK
DENSITY

WATER CONTENT
AND

POROSITY

SOUND THERMAL PENETROMETER
VELOCITY CONDUCTIVITY

100 1.6 1.8 2.0 2.2 2.0 3.0 4.0 0 100 200 300

2 0 -

6 0 -

100-

1 2 0 -

160-

180-

200 -

220-

2 4 0 -

260-

2 8 0 -

300-

3 2 0 -

3 4 0 -

360-

4 0 0 -

420-

4 6 0 -

4 8 0 -

57.2

57.1

57.0

57. l L
5 7 . 0

;

*O = LABORATORY- ATMOSPHERIC BACKGROUND COUNT.

Figure 3. Summary of physical properties in Holes 57.0,5 7.1, 5 7.2.
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Figure 4. Summary oflithology in Hole 57.0 Core 1.
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CORE: 57.0-1
DEPTH NATURAL GAMMA WET-BULK WATER CONTENT SOUND THERMAL PENETROMETER

IN RADIATION DENSITY AND VELOCITY CONDUCTIVITY
CORE POROSITY

COUNTS/7.6cm/1.25min g/cc % wt % vol

X10' 3 X10' 1 mm
km/sβc cat/l°C cm sec)

λ-\

6000 1.4 1.8 2.2 20 40 60 80 100 1.6 1.8 2.0 2.2 2.0 3.0 4.0 0 100 200 300

9

' I I ' I I I I I I I I I I

i i i i i i i

9
i

>

\ >

*O = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 5. Summary of physical properties in Hole 57.0 Core 1.
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Figure 6. Summary oflithology in Hole 57.0 Core 2.
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CORE: 57.0-2
DEPTH NATURAL GAMMA WET-BULK WATER CONTENT SOUND THERMAL PENETROMETER

IN RADIATION DENSITY AND VELOCITY CONDUCTIVITY
CORE POROSITY

COUNTS/7.6cm/1.25min g/cc i wt % vol
X 1 0 J X10'' mm

km/sec cal/(°C cm sec)

5000 1.4 1.8 2.2 20 10 60 80 100 1.6 1.8 2.0 2.2 2.0 3.0 4.0 0 100 200 300

4 -

i i r i i i i i i i i r

i i i

*O LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 7. Summary of physical properties in Hole 57.0 Core 2.
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Figure 8. Summary oflithology in Hole 57.0 Core 3.
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CORE: 57.0-3

DEPTH NATURAL GAMMA WET-BULK WATER CONTENT SOUND THERMAL PENETROMETER
IN RADIATION DENSITY AND VELOCITY CONDUCTIVITY

CORE POROSITY

0
M <Λ o

COUNTS/7.6cm/1.25min 9/cc %wt %vo1

X10'3 X10"1 mm
km/sβc cal/(oC cm sec)
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•O = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 9. Summary of physical properties in Hole 57.0 Core 3.
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Figure 10. Summary oflithology in Hole 57.1 Core 1.

506



CORE: 57.1-1

DEPTH NATURAL GAMMA WET-BULK WATER CONTENT
IN RADIATION DENSITY AND

CORE POROSITY

SOUND THERMAL PENETROMETER
VELOCITY CONDUCTIVITY

COUNTS/7.6cm/1.25min g/cc al/l°C cm sec)

5000 1.4 1.8 2.2 20 40 60 80 100 1.6 1.8 2.0 2.2 2.0 3.0 4.0 0 100 200 300

2 —

i i i i i π . T i i i r i • _ i i i I i i i r T i i i

i
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*O = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 11. Summary of physical properties in Hole 57.1 Core 1.
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Figure 12. Summary oflithology in Hole 57.1 Core 2.
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CORE: 57.1-2

DEPTH NATURAL GAMMA WET-BULK WATER CONTENT
IN RADIATION DENSITY AND

CORE POROSITY

SOUND THERMAL PENETROMETER
VELOCITY CONDUCTIVITY
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6000 1.4 1.8 2.2 20 40 60 80 100 1.6 1.8 2.0 2.2 2.0 3.0 4.0 0 100 200 300

1 -

2 -

4 —

5 -

i i i i i i r r
π I i i i i i i i i i l i i i i i i

I I I 1 I I I I I I I I t I I I I I

*O = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

i i i i i i i i

Figure 13. Summary of physical properties in Hole 57.1 Core 2.
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Chalk ooze is grayish yellow green
(5GY 7/2), grayish green (10GY 5/2)
and white (N9); moderately burrow
mott led. Average composition:
Nanno A Foram C Rad and Spcl C
Glass ( o l i v e green) C
Opaques, Feld, Shell (?) R

Ash beds medium-dark gray (N6-N4),
and black ( N I ) , range from 2-10 cm
t h i c k , strongly burrow mott led,
graded wi th f i n e sand and coarse
s i l t a t base. Blebs of black ash
are also scattered through the
chalk ooze. Ash is calcareous.
Average composition:
Glass A (mostly o l i v e green -

b a s a l t i c , small amount -
10% clear - andesit ic)

Foram R
Opaques and Feld C

Nanno A
Rad R
Spcl R

See section descriptions

15 46 40 35 95

27 58

46

15

46

42 32

Figure 14. Summary oflithology in Hole 57.1 Core 3.
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CORE: 57.1-3
DEPTH NATURAL GAMMA WET-BULK WATER CONTENT SOUND THERMAL PENETROMETER

IN RADIATION DENSITY AND VELOCITY CONDUCTIVITY
CORE POROSITY

COUNTS/7.6cm/1.25min g/cc % wt % vol km/sec cal/(HC cm sec)
CP

5000 1.4 1.8 2.2 20 40 60 80 100 1.6 1.8 2.0 2.2 2.0 3.0. 4.0 0 100 200 300

I I I

9
I

I I I I

*O = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 15. Summary of physical properties in Hole 57.1 Core 3.
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LEG
CORE

57.1HOLE
D E P T H 320.6-329.2 m

1 or

CO 2 LITHOLOGIC DESCRIPTION σ
CO
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-2
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3:-io
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-12

-13
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8;

16

H7

18

19

:20

-21

•22

-23

-24

-25

: - 2 6

: 27

"-28

- • 2 9

cc

NANNO CHALK OOZE
Gray green (5G 6/1) and l i g h t gray
(N6) strongly burrow mottled and
laminated. Average composition:
Nanno A Foram R-C
Spcl R Clay C
Glass C Plag and Opaques R

interbedded with ash layers - mostly
black (NI) and dark gray (N4) in
section 1, but l i g h t gray (N6) to
medium gray (N5) and calcareous
in section 2

Several very t h i n (1 cm) black (NI)
ash layers

See section descriptions for d e t a i l s
of 1 , 2, 3, and 5

Sections 4 and 5 s i m i l a r to 1 and ;
but they had to be extruded and
consequently became wery broken up

NANNO CHALK OOZE
Light gray (N6), brecciated (due to
d r i l l i n g ? ) , but not metamorphosed.
Contact undulat ing, fragments of
igneous rock occur in sediment above.

OLIVINE DOLERITE
Dark gray (N4), hard, fresh rock with
conspicuous Plagioclase phenocrysts
and smaller ones of pyroxene and
olivine

50 42

44 78

16 50 34 32 87

12 48 41 40 71

50 42 51 77

15 46 39 45 51

Figure 16. Summary oflithology in Hole 57.1 Core 4.
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CORE: 57.1-4
DEPTH NATURAL GAMMA WET-BULK WATER CONTENT SOUND THERMAL PENETROMETER

IN RADIATION DENSITY AND VELOCITY CONDUCTIVITY
CORE POROSITY

COU NTS/7.6cm/1.25min g/cc iwt %vol
X10"3

km/sec cal/(°C cm sec)

M « 0 5000 1.4 1.8 2.2 20 40 60 80 100 1.6 1.8 2.0 2.2 2.0 3.0 4.0 0 100 200 300

1-

2-

5-

7—

T I I I I I I I I I

*O - LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 17. Summary of physical properties in Hole 57.1 Core 4.
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Figure 18. Summary oflithology in Hole 57.2 Core 1.
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CORE: 57.2-1

DEPTH NATURAL GAMMA WET-BULK WATER CONTENT
IN RADIATION DENSITY AND

CORE POROSITY

COUNTS/7.6cm/1.25min wt %vol

5000 1.4 1.8 2.2 20 40 60 80 100

SOUND THERMAL PENETROMETER
VELOCITY CONDUCTIVITY

X10" J

km/sec cal/(°C cm ase)
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*0 = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 19. Summary of physical properties in Hole 57.2 Core 1.
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HOLE 57.1
CORE 2
SECTION 2

rrOcm —

- - 2 5

- - 5 0

- - 7 5

--100

- - I 2 5

L-L l50

NANNOPLANKTON MARL CHALK OOZE
( in te r va l s : 0 -21 , 26-45, 50-59, 67-105,
110-130, 140-150 cm)

Grayish yellow green and grayish green,
s l i g h t l y to moderately (less commonly) burrow
mottled - mottles pale gray-white
Composition: Nanno 55% Foram 5-10%

Rad 8% Sponge 10%
Glass (o l i ve green - basa l t i c ) 10%
Clay 5% Others 2-5%

CALCAREOUS ASH - ASHEY OOZE
( in te rva l s : 21-26, 45-50, 59-67, 105-110,
130-140 cm)

Dark gray-very dark gray-black; strongly burrow
mottled - burrows f i l l e d wi th paler color marl
ooze; ash has t rans i t i ona l boundaries;
occasionally laminations and size grading
v i s i b l e ; mostly s i l t size mater ia l ; evidence
of slumping in places (108-110 cm)
Composition: Glass 20-50% mostly o l ive green
basa l t ic except ash bed from 130-140 cm where
2/3 of glass is transparent and andesi t ic .

Nanno 20-30% Foram 5-10%
Rad and Sponge 10-25%
Opaque minerals and Feldspar 10%

Slump structures?

Figure 20. Summary oflithology in Hole 57.1 Core 2 Section 2.
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HOLE 57.1
CORE 3
SECTION 1

Ocm

- - 2 5

- - 5 0

75

--100

- - I 2 5

n i

η

•n n

π

ti ,

- » * •"»

w » * \\

It T

<• ' * * «

« " * * i,

* * # « *

* Λ * « II '

IT n

. ' '

~ y

* .,V ''. *

Coarse sand comprised e n t i r e l y

NANNOPLANKTON CHALK OOZE
(15-65, 70-80, 90-124, 140-150

of forams

cm)
Grayish yel low green-grayish green w i t h white
and black burrow mottles
Composition: Nanno 65%

Rad 4%
Foram 10%
Sponge 8%

Glass ( o l i v e green - b a s a l t i c ) 5%
Clay 5%
Opaque minerals

Abundant disseminated ash

VOLCANIC ASH w i t h NANNO
Black
Composition:

Glass (90% o l i v e
basaltic)

Nanno 33%
Sponge 5%
Clay 2%

and Feldspar 3%

green
43%

Rad 5%
Foram 4%
Others 8%

strongly burrow mottled - burrows f i l l e d with
nanno chalk ooze; trace of size grading;
transit ional tops to bed, sometimes base

\ also transit ional
\\
VSharp base to ashL Erosion surface?
*- Erosion surface?

VOLCANIC ASH - Black, strongly
transit ional top and bottom to

VOLCANIC ASH - Black, graded.
olive green - basaltic

burrow mottled
bed

Al l glass is

150

Figure 21. Summary oflithology in Hole 57.1 Core 3 Section 1.
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HOLE 57.1
CORE 3
SECTION 2

i—rOcm

- - 2 5

- - 5 0

75

- - 1 0 0

- - I 2 5

l

Gray yellow

Gray olive green

Black

Gray yellow green

Olive gray
White subhoriz. burrow
mottles size graded

Black

Gray yellow green

Olive gray - Black
Olive green,

green gray
Medium gray, very

l i g h t gray
Olive black - Black

Al l sediment moderately-
st rongly burrow mott led

NANNOPLANKTON CHALK OOZE:
Color varies from gray
ye l low, gray o l i ve green,
l i g h t green gray, and
green gray. Estimated
composition:
Nannos 65% Foram 10%
Rad and Sponge 5%
Clay 15% Glass 5%
with interbeds of sandy
VOLCANIC ASH o l i ve black
to black. Composition:
Glass ( c lea r , pale brown,

\/ery dark brown,
palagonite) 70%

Plagioclase and
Pyroxene(?) 10%

Nannos 10% Foram 8%
Zeol i te 2%

Greenish gray

Olive black - Black
Green gray wi th gray, medium

dark gray and white mottles

Medium gray - Black
Green gray wi th
white burrows

Medium gray - Black,
white and gray yel low

green mottles

Green gray wi th hor i z . to
subhoriz. burrow mottles
of wh i te , l i g h t gray and
black; few small lenses of
black ash

Medium gray - Black

Green gray - L ight
green gray wi th white
burrow mottles

Medium gray - Black

Light green gray - White

Figure 22. Summary oflithology in Hole 57.1 Core 3 Section 2.
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HOLE 57.1
CORE 4
SECTION 1

- - 5 0

0cm

25

- - 7 5

--100

- - I 25

0
o
0
o

ASH: Black to medium dark gray; sand size glass
fragments; ash beds have sharp bottoms and
gradational tops; contain a few white and gray
green burrow mottles

NANNOPLANKTON CHALK OOZE: Green gray to dark
green gray; strongly burrowed

Figure 23. Summary oflithology in Hole 57.1 Core 4 Section 1.
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HOLE 57.1
CORE 4
SECTION 2

-rOcm

- - 2 5

- - 5 0

- - 7 5

—100

—125

u-l50

ft >•v

2.

3.

NANNOPLANKTON CHALK OOZE: Predominantly
gray green, with th in medium l i g h t gray
laminations and white burrow mott les.
Estimated composition:

Nanno 50%
Benthonic foram 55
Clay minerals 15%
Glass (pale

brown) 10%

Planktonic foram 15%
Sponge 2%
Plagioclase and

Opaques 3%

NANNOPLANKTON CHALK OOZE: Predominantly
wery l i g h t gray, with gray green and
medium l i g h t gray burrow mottles and thin
laminations

CALCAREOUS ASH: Predominantly medium l i g h t
gray - medium gray, with gray green and
very l i g h t gray mott les.
Estimated composition:
Glass (brown, c lear , and altered) 36%
Nanno 35% Planktonic foram 12%
Rad 2% Sponge 2%
Clay 10% Feldspar 3%

4. ASH: Dark gray, sandy

Figure 24. Summary oflithology in Hole 57.1 Core 4 Section 2.
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HOLE 57.1
CORE 4
SECTION 3

r—rθcm

- - 2 5

- - 5 0

- - 7 5

- - 1 0 0

- - I 2 5

L-L\bO

NANNOPLANKTON CHALK OOZE: Mostly very light
gray and light greenish gray, with ash admixture,
In most places strongly burrow mottled.
Estimated composition:
Nanno 61% Planktonic foram 5%
Rad 2% Sponge 2%
Glass (olive green - basaltic) 19%
Opaque minerals and Feldspar 6%

Pale green

Numerous thin black ash layers in chalk ooze;
burrow mottled

Pale green - grayish green

White

Black ash

Numerous thin black ash layers in chalk ooze;
burrow mottled

Figure 25. Summary oflithology in Hole 57.1 Core 4 Section 3.
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LEG
CORE CENTER

BIT
BEFORE
CORE 1

HOLE •»
DEPTH

FORAMINIFERA NANNOPLANKTON RADIOLARIA

The age of the center bit

sample can be considered as

the lower part of the

Globovotdlia kugleri Zone,

lower Lower Miocene (or

upper Upper Oligocene of

Bolli's zonal scale, 1957).

Species present include

GZobovotal•ia kugler iy G.

pseudokugleri3 G. brevis-

pira3 G. opi•ma nancL>

Globigerina bvadyi, G.

Quvenilis, G. angustium-

biticata> G. woodiy G.

pseudoedita, Cassigerinella

ohipolensis and very rare

Globigevina angulisaturalis.

None. None.

Figure 26. Summary of biostratigraphy in Hole 57.0 center bit.
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LEG
CORE

HOLE
DEPTH m

FORAMINIFERA
Assemblages of the Globigeri-

na aiperoensiε Zone, Upper

Oligocene, were met in this

core.

Planktonic Foraminifera are

represented by Globigerina

aiperoensis, G. angúlisutura-

lis, G. angustiumbiliaata, G.

ouangustiumbilioata, G.

ouaohitaensis, G. pseudoed-

ita, G. woodi, Globorotalia

pseudokugleri, G. brevispira,

G. opima nana, Cassigerinella

ahipolensis and very rare

Globigerinoides trilobus

primordius.

Coexistence of G. pseudo-

\uglevi, subordinate G.

ciperoensis and rare G.

trilobus primordius indicates

the upper part of the G.

aiperoensis Zone.

NANNOPLANKTON
Samples from this core

contain upper upper Oligocene

assemblages of the upper

Sphenotithus aiperoensis

Zone. Species present

include Coβcolithus sp. aff.

C. biseatus
3
 C. eopelagiβus

3

Cyaloaoooolithina neogamma-

tion, Disooaster deflandrei.

Heliβopontosphaera intermed-

ia, H. obliqua, Sphenolithus

sp. aff. S. belermos, S.

aiperoensisj and Triquetror-

habdulus sp. cf.'T.

aarinatus.

RADIOLARIA

This core contains Radiolaria

of the approximately upper

Oligocene Lyahnoaanium bipes

Zone.

TOP: Lychnooanium bipes
3

Doraadospyris ateuahus>

Theoayrtis annosa, Cyrtoaap-

sella aornuta, Cannartus

prismaticusy Cyrtooapsella

tetrapera, and Artophormis

graailis.

BOTTOM: Theoayrtis annosa,

Doraadospyris ateuchus
3

Cannartus prismatiaus,

Artophormis graailis, and

Lyahnoaanium bipes.

Figure 27. Summary of biostratigraphy in Hole 57.0 Core 1.

523



LEG
CORE Omm

Bit 1-2

HOLE
D E P T H 302.1-327.7m.

FORAMINIFERA NANNOPLANKTON RADIOLARIA

The center bit sample

contains an assemblage of

planktonic Foraminifera

typical for the Globigerina

oiperoenβiβ Zone, Upper

Oligocene.

Among them were determined

Globigerina oiperoenβiβ, G.

anguliβuturaliβ, G.

anguβtiumbilicata, G.

ouaohitaenβiβ, G.

praebulloideβ, Caββigerin-

ella ohipolenβiβ, Globoro-

talia breviβpira
t
 G. opima

nana.

The sediment recovered from

the center bit, the oldest

sediment in this hole since

core 2 recovered igneous

rock, contains an assemblage

similar to the Triquetrorhab•

duluβ oarinatuβ Zone. But,

the presence of small

specimens of Sphenolithus

oiperoenβiβ indicates a

correlation to the upper

Sphenolithuβ oiperoenβiβ

Zone.

The center bit sample

retreived before taking this

core contained Radiolaria of

approximately upper Oligocene

Lyohnooanivσn bipeβ Zone.

CENTER BIT 1/2: Doroadoβpy-

riβ ateuchuβ, Theooyrtiβ

annoβa, Cannartuβ priβmatiouβ,

and Lyóhnooanium bipeβ.

Figure 28. Summary of biostratigraphy in Hole 57.0 center bit between Core 1 and Core 2.
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LEG
CORE *

HOLE •"
D E P T H 327.7-330.7 m

FORAMINIFERA NANNOPLANKTON RADIOLARIA
The center bit sample

contains an assemblage of

planktonic Foraminifera

typical for the Globigerina

aiperoensiβ Zone, Upper

Oligocene.

Among them were determined

Globigerina ciperoensis, G.

angulisuturaliSj G.

angustiumbilioata, G.

ouaahitaenβiβ, G.

praebulloidesj Casβigerin-

ella ohipolenβis, Glóbovo-

talia bveviβpira, G. opima

nana.

The sediment recovered from

the center bit, the oldest

sediment in this hole since

core 2 recovered igneous

rock, contains an assemblage

similar to the Triquetrorháb

dulus oarinatus Zone. But,

the presence of small

specimens of Sphenolithus

oiperoenβis indicates a

correlation to the upper

Sphenolithus oiperoensis

Zone.

The center bit sample

retreived before taking this

core contained Radiolaria of

approximately upper Oligocene

Lyohnooanium bipes Zone.

CENTER BIT 1/2: Dor>σadospy-

vis ateuohuβ, Theoayrtis

annosa, Cannartus pvismaticuβ,

and Lyβhnoaanium bipeβ.

Figure 29. Summary of biostratigraphy in Hole 57.0 Core 2.
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LEG β

CORE 3
HOLE
D E P T H 330.7335.3

FORAMINIFERA

None.

NANNOPLANKTON

None.

RADIOLARIA

None.

Figure 30. Summary of biostratigraphy in Hole 57.0 Core 3.
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LEG
CORE

HOLE
DEPTH

•"

FORAMINIFERA
Very rich assemblages of the

Globigerina miooaenioa Zone

(upper Miocene, Messinian

stage) were found in all

samples. Evidently the zone

is presented by its upper

part (the Globorotalia twnida

- Sphaeroidinellopsis

subdehisaens paenedehiscens

Subzone).

Planktonic Foraminifera

include Globorotalia tumida

tumida, G. multiaamerata, G.

tumida plesiotumida, G.

aoostaensis hwnerosa,

Sphaeroidinellopsis seminu-

lina, S. subdehisoens

paenedehiscens, Globigeri-

noides saoculifera, G.

obliquus extremis, Pullenia-

tina primalis, Globigerina

nepenthes, G. apertura, G.

bulloides, Orbülina universa,

Globoquadrina altispira.

NANNOPLANKTON
A nannoplankton ooze of the

upper upper Miocene

Ceratolithus tricorniaulatus

Zone is present throughout

the core. Species present

include Ceratolithus

tricornioulatus, Cyolocoβoo-

lithina leptoporus, C.

maaintyrei, Disaoaster

brouwerij D. ohallengeri, D.

pentaradiatus, D. perplexus.

D. quintatus, D. surσulus,

Retiβulofenestra pseudoum-

biliβa, Sayphosphaera sp.

aff. S. apsteinii, and

Triquetrorhabdulus rugosus.

RADIOLARIA

Radiolaria are rare in this

core. The species identified

are from the lower Miocene.

Judging from the upper

Miocene ages based on

calcareous microfossils and

the lack of Radiolaria of

intermediate age, it appears

that the Radiolaria in this

core were contributed from

nearby outcrops.

TOP: not examined.

BOTTOM: Stiahoβorys wolffii,

Calocyβletta oostata.

Doroadospyris dentata, and

D. ateuchus.

Figure 31. Summary of biostratigraphy in Hole 57.1 Core 1.

527



LEG
CORE *

HOLE 57 1

D E P T H 306.9-316.1 m

FORAMINIFERA
Abundant planktonic Foramini-

fera of the Upper Oligocene

Globigerina oiperoensis

Zone were met in the core

catcher - Globigerina

oiperoensis
3
 G. angulisut-

uralisj G. angustiumbilicata,

G. ouaohitaensis, Globorota-

lia brevispira
3
 G. opima

nana.

Near the top (sections 1 and

2) assemblages consist of

numerous Globorotalia

pseudokugleri, G. brevispira.

Globigerina angustiwnbili-

oata, G. pβeudoedita
3

Cassigevinella chipolensis

and rare Globigerina

oipevo&nsis
3
 G. woodi. It

is the transition to the

overlying Globorotalia

kugleri Zone or even the

basal part of this zone,

lower Lower Miocene.

NANNOPLANKTON
Assemblages of the upper

Oligocene Sphenolithus

βiperoensis Zone are present

throughout this core.

Species present include

Coooolithus biseotusj C. sp.

aff. C. biseatuβj Cyoloooooo-

lithina neogammatiorij

Diseoaster deflandrei,

Eeliaopontoβphaera parallela,

H. trunoata
3
 Sphenolithus

oiperoensis
t
 and Triqµetror-

habdulus βarinatus.

RADIOLARIA
Radiolaria are abundant in

this core. The species are

of the approximately upper

Oligocene Lychnooanium bipes

Zone.

TOP: Theooyrtis annosa,

Doroadospyris ateuσhus,

Lyβhnoβanium bipes, Cannartus

prismatiσuSj and Doroados-

pyris papilio.

BOTTOM: Doroadospyris

ateuchus> D. papilio.

Figure 32. Summary of biostratigraphy in Hole 57.1 Core 2.
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LEG
CORE

HOLE ""
D E P T H 316.1-320.6

FORAMINIFER A

Assemblages of planktonic

Foraminifer belong to the

Globigerina oiperoensis

Zone, Upper Oligocene, and

consist of Globigerina

ci•peroensisy G. angulisutur-

alis, G. angustivmbilioata
t

G. ouaohitaensis, G. tripart-

ita, Cassigevinella ohipo-

lensi•Sj Globorotalia opima

nana, G. brevispira
t
 G.

inaequioonioa.

NANNOPLANKTON

Samples from this core

contain nannoplankton assem-

blages of the upper Oligocene

Sphenolithus oiperoensis

Zone. Species present

include Coooolithus biseotus,

C. sp. aff. C. bisectus,

Cyclocoocotithina neogarma-

tion
t
 Disooastev deflandvei*

Helioopontosphaera pavallela,

H. sp. aff. H. seminulwn,

Sphenolithus ciperoensis,

and Triquetrorhabdulus

oarinatus.

Some erratic white clay from

the top of the core contains

an upper Pliocene assemblage

from the lower Disaoaster

brouweri Zone. Species

present include Ceratolithus

rugoβuβj Cyβlooooaolithina

maointyreiy Disooaster

brouweri, D. pentaradiatus,

D. surculusy and Heliooponto-

sphaera sellii.

RADIOLARIA

This core contains Radiolaria

of the approximately upper

Oligocene Lyohnooanium bipes

Zone.

TOP: Cannartus prismaticus
3

Doroadospyris ateuohus,

Lyohnoaanium bipes* Cyrtooap-

sella oornuta, and Doroado-

spyris papilio.

BOTTOM: Cannartus prismati-

ouSj Doroadospyris ateuóhus,

Theooyrtis annosa3 and

Lyohnoσanium bipes.

Figure 33. Summary of biostratigraphy in Hole 57.1 Core 3.
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LEG
CORE «

HOLE
320.6-329.2 m

FORAMINIFERA NANNOPLANKTON RADIOLARIA

Assemblages of the Globiger-

ina aiper>oensis Zone, Upper

Oligocene, are present

throughout the core.

The following species were

singled out - Globigerina

ciperoensis, G. angulisutwo-

atis
3
 G. angustiumbiliaata

3

G. ouaβhitaensis
3
 G. pr>ae-

bulloidesj G. senilis,

Cassigerinella ahiponensis
t

Globorotalia opima nana.

Here the bottom rare

specimens of Globovotalia

opima opima were found and

in "the top sample" - very

rare Glogevinoides tvilobus

pvimovdius.

Upper Oligocene Sphenolitkus

aipevoensis Zone assemblages

are present in this core.

Characteristic species

include Coooolithus biseotus
3

C. sp. aff. C. biseotusy

Cycloeoaoolithina neoganma-

tion, D. deflandrei,

Helioopontosphaera parállela,

Sphenolithus oiperoensisj

and Triquetrorhabdulus

cax>inatus.

Radiolaria are rare and

poorly preserved in this

core. Identifiable species

represent the approximately

upper Oligocene Lyohnooanium

bipes Zone.

TOP: not examined.

BOTTOM: Doraadospyris

ateuohus, D. papilio>

Theoβyrtis annosa, and

Lyohnocanium bipes.

Figure 34. Summary of biostratigraphy in Hole 57.1 Core 4.
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LEG
CORE

HOLE 57.1

D E P T H 53.0-306.9m

FORAMINIFERA NANNOPLANKTON RADIOLARIA

The center bit sample

contains abundant Foramini-

fera of the Glóborotalia

kugler>i Zone, lower Lower

Miocene (or upper Upper

Oligocene of Bolli's zonal

scale, 1957).

They are represented by

Globovotália kugle•pi3 G.

brevispira* G. opima nana,

Globiger>ina bradyi, G.

juven•ùlisj G. angustiumbili-

eata, G. pseudoedita, G.

woodij Cassigerinella

ohipolensis and yery rare

Globigerinoides trilobus

primordius.

Figure 35. Summary of biostratigraphy in Hole 57.1 center bit between Core 1 and Core 2.
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LEG
CORE

HOLE
DEPTH

FORAMINIFERA
All assemblages of planktonic

Foraminifera (except one from

the top sample) are typical

for the lower part of

Pliocene - Globorotália

tumida tumi a, G. aoostaensis

humeroscLj G. aoostaensis

pseitdopima, G. cultvata, G.

multiaamevata, Sphaevoidin-

ella dehisaens, Globigevinoi-

des σonglobatus
3
 G. saoβuli-

feva
t
 G. vubev Pulleniatina

obliquiloculata, Gtoboquadvi-

na altispiva, G. conglomev-

ata.

The top sample contains

numerous Globigevinoides

fistulosus together with

Globovotalia cvassafovmis,

G. hirsuta and rare G.

tosaensis; Globoquadvina

altispira lacks.

Evidently it is the upper

part of Pliocene.

NANNOPLANKTON

The transition from upper

to lower Pliocene assem-

blages occurs in this core.

In the upper half of the

core assemblages of the

lower Disaoastev bvouwevi

Zone are present, whereas

the assemblages of the lower

half of the core are assig-

ned to the lower Pliocene

Retioulofenestva pseudoum-

bilioa Zone. Aside from

the extinction of Reticulo-

fenestra pseudovmbiliaa

the assemblages of the core

are similai—Ceratolithus

rugosus, Cycloβoccolithina

leptoporus, C. maointyvei,

Visooaster bvouwevi
3
 D.

ahallengevi
t
 D. pentavadia-

tuSy D. surauluSj Heliβopon-

tosphaeva hamptnevi
3
 and

Sayphosphaeva sp. aff. S.

apsteinii.

RADIOLARIA

None.

Figure 36. Summary of biostratigraphy in Hole 57.2 Core 1.
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Plate 2. Photographs of Hole 57.0 Cores 1,2 and 3.
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SECTION

•O cm

Plate 3. Photographs of Hole 57.1 Core 1.
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Plate 4. Photographs of Hole 57.1 Cores 2 and 3. 535
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Plate 5. Photographs of Hole 57.1 Core 4
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Plate 6. Photographs of Hole 57.2
Core 1. 537


