
13. SITE 55

Shipboard Scientific Party1

SITE DATA

Occupied: July 21-22, 1969.

Position: Caroline Ridge: Latitude: 9° 18.l'N
Longitude: 142° 32.l'E.

Water Depth: 2850 meters.

Cores: Fourteen cores.

Total Depth: 131 meters in uppermost Oligocene chalk
ooze. Driven off location by typhoon
Viola.

MAIN RESULTS

A continuously cored section through the highly fos-
siliferous Neogene chalk ooze section.

BACKGROUND

Having obtained a reasonably consistent date for a late
phase of seafloor genesis in the eastern Philippine Sea,
it was decided to spend the remaining time on the ob-
jective that had not been accomplished farther north-
east: to date the age of the crust under the western
Pacific Ocean floor. To accomplish this it was necessary
(1) to locate enough sedimentary cover to permit spud-
ding, and (2) on finding a section less cherty than are
those to the north.

In the search for sufficient sedimentary cover, a look
at Ewing et al. (1968) published isopach map (though
far from their tracks), showed sediments thickening
southward. Furthermore, it was expected that sedi-
ments would thicken over shallower areas such as the
Caroline Ridge and Eauripik Ridge.

Accordingly, the Glomar Challenger steamed southward
across the southern end of the Iwo Jima Ridge and the
Mariana trench, to seek a site with its own profiler.
Much of the flat area south of the trench has only a
very thin and discontinuous cover of sediment, but to-
ward the base of the Caroline Ridge the thickness
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increases to near 0.1 second. A comparatively trans-
parent layer of such sediments overlies a massive opaque
unit with a smooth, flat surface.

The upper opaque layer showed no bottom, nor con-
sistent internal bedding, and the scientists were uncer-
tain of whether its top corresponds to the Ewing et al.
Horizon A', or Horizon B'.

The northern flank of the Caroline Ridge rises in a
series of pronounced topographic steps or terraces; each
topographic step corresponds to an even more sharply
pronounced step in the surface of this opaque layer,
bearing a mantle of sediment (Figure 1). On the lower
steps the sediments are about 0.1 second thick, and
drill Site 55 (Figures 1, 2, 3) was chosen on the fourth
step in the profile, with a sediment thickness of 0.2
second. Figure 4 shows the bottom soundings in the
area of Site 55.

Objectives

The primary objective at Site 55 was to test the char-
acter and age of the massive opaque unit; and, if this
proved to be sedimentary, to penetrate it in the search
for basement. A secondary objective was to obtain
a good stratigraphic section of what was likely to be a
carbonate sequence. In view of the limited thickness
it was decided to core continuously.

OPERATIONS

Site 55 was occupied at 1700 hours July 21, 1969.
Continuous cores were taken to a total depth of 131
meters when rising wind (35 knots) required all of the
power not needed for drilling to hold the ship on loca-
tion. The rising swell threatened to make drilling and
especially pipe retrieval dangerous. An atmospheric low
had formed to the southeast of the drilling location,
and the barometer was dropping. It was, therefore, de-
cided to pull the pipe, and to abandon this site, in order
to steam eastward and to get out of the zone of influ-
ence of the storm as quickly as possible so as to resume
drilling operations.

The site was abandoned at 1900 hours, July 22.

NATURE OF THE SEDIMENTS

Fourteen cores were recovered from the one hole at
this site during continuous coring from the mudline to
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SITE 55

Figure 1. Sketch of Challenger profile in area of Site 55.

about 131 meters subbottom depth. The sediment en-
countered is chalk ooze dominated by nannoplankton
and containing variable amounts of planktonic forami-
nifera, Radiolaria, and sponge spicules. This chalk ooze
is predominantly white, less commonly very pale brown.
The pale brown color is particularly characteristic of
chalk ooze containing moderate (10 to 20 per cent)
amounts of siliceous microfossils. Sediment in all of
the cores was usually in a moderately to highly dis-
turbed condition due to coring.

Variations in composition of the chalk oozes is sum-
marized in Table 2; the weight percentage of each com-
ponent was estimated from smear slides, and therefore
should be taken only as a general compositional indi-
cator. From mudline to a depth of 27.4 meters (Cores
1, 2 and 3), the sediment is a foraminiferal-nanno-
plankton chalk ooze (Chapter 38). From 27.4 to 54.9
meters (Cores 4, 5 and 6), the sediment is nannoplank-
ton chalk ooze in which the nannofossils are dominantly
or entirely discoasters (Chapter 38) and foraminifera
are much less abundant than above. Siliceous micro-
fossils, mainly well preserved Radiolaria and sponge
spicules, first appear in notable amounts in Core 7 and,
along with planktonic foraminifera, form a subordinate
part of the nannoplankton chalk ooze to the bottom of
the hole.

Carbonate material, other than nannofossils and obvious
planktonic foraminifera, is present in generally small
amounts in Cores 1 through 8. This material appears to
be mainly finely abraded pelecypod and foraminiferal
shells, but may include some authigenic calcite.

Based on visual observations of smear slides, the clay
mineral content is estimated to be fairly constant at
about 5 to 10 per cent throughout the succession of
chalk oozes, but X-ray studies by Rex show a wide
variation from nil to over 18 per cent. Small amounts
of volcanic glass are present in Cores 2, 9, 10 and 12,
and Core 13 had several beds, up to 10 centimeters
thick, of gray nannoplankton chalk ooze with up to 20
per cent of pale brown to colorless, angular shards of
volcanic glass. Traces of zeolites are found in some
chalk oozes of Core 7, and chalk oozes in Core 8 have
very small amounts of hematite.

PHYSICAL PROPERTIES

These samples were disturbed by drilling thus the data
may not accurately represent in situ conditions.

Natural Gamma Radiation

At Site 55, 130 meters of Pleistocene to Oligocene
foraminiferal-nannoplankton and nannoplankton chalk
oozes had natural gamma radiation counts ranging from
zero to 2100/7.6-cm core segment/1.25 minutes, with
an average of about 100. A high gamma count of 2100
near the surface (0.6 to 2.5 meters) was emitted from
very pale brown foraminiferal chalk ooze (Core 1,
Sections 1 and 2) and had a rough exponential de-
crease with increasing depth of 80 centimeters. From
2.5 to 130 meters below the mudline, nannoplankton-
foraminiferal chalk oozes emitted counts from zero to
300 with an average of 100.
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Figure 2. Contour map of Sites 55, 56, 57, 58 and 59.
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Figure 3. Challenger bathymetric and magnetic profile at Site 55.

This exponential radiation change at the surface may
be related to accumulation rates, grain size, mineralogy,
ions in the water or associated with as yet indetermi-
nate minerals. A distinct mineralogy was not evident
from a cursory inspection of this interval. The only
unique feature in this sediment, compared to the re-
mainder of this hole, was the high sand content, which
appears to be predominantly foraminifera. However,
the source of the gamma radiation is still unknown. The
gamma count decreased by half in 38 centimeters or
about 1.5 × 10s to 4.8 × 10s years. If this exponential
decay represented the half life of a radioactive isotope,
then it could have a half life of 1.5 × I05 to 4.8 ×
I05 years.

Porosity, Wet-Bulk Density, and Water Content
Porosity, wet-bulk density and water content within
the 130 meters of Pleistocene to Oligocene chalk oozes
that were recovered at Site 55 ranged respectively, from
30 to 75 per cent (?), 1.31 to 2.04 g/cc, and 29 to 50
per cent, with typical values of 60 to 65 per cent, 1.60
to 1.70 g/cc, and 41 per cent. Porosity irregularly de-
creased with increasing depth and appeared to have a
rough inverse relationship to sound velocity and heat
conductivity.

In general, the Miocene sediments had higher porosities
than Oligocene sediments. Pleistocene to Miocene
nannoplankton-foraminiferal oozes (0 to 94 meters) had
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Figure 4. Bottom soundings in area of Site 55.

TABLE 1
Summary of Coring at Site 55

Core No.

55.0-1

55.0-2
55.0-3

55.0-4

55.0-5

55.0-6

55.0-7
55.0-8

55.0-9
55.0-10

55.0-11
55.0-12
55,9-13
55.0-14

Interval Cored
(below mudline)

(ft)

0-30

30-60

60-90

90-120

120-150
150-180
180-210

210-240

240-270
270-300
300-330

a339-369

369-399
399429

(m)

0.0-9.1
9.1-18.3

18.2-27.4

27.4-36.6

36.6-45.7

45.7-54.9
54.9-64.0

64.0-73.2
73.2-82.3
82.3-91.4

91.4-100.6
103.3-112.5

112.5-121.6
121.6-130.8

Recovery

(ft)

30

30

30

30

30

30
30

30

10

30
30
30
30

30

(m)

9.1

9.1

9.1

9.1

9.1

9.1
9.1

9.1
3.0

9.1
9.1
9.1

9.1
9.1

Water depth: 2849.9 meters (9350 feet)
aNine feet added here is a correction due to an accumu-
lative error in measuring the length of drill pipe.

porosities of about 65 per cent (1.60 g/cc) wet-bulk
density. The upper Pliocene-Oligocene foraminiferal-
nannoplankton oozes (94 to 130 meters) had porosi-
ties of about 58 per cent (1.70 g/cc) which decreased
with increasing depth. No major systematic variations
with lithology were observed, but some porosity vari-
ations were partly controlled by the grain size distribu-
tion of the sediment and the presence of foraminifera
or radiolarians.

Sound Velocity

Sound velocity through the Pleistocene to Oligocene
nannoplankton and nannoplankton-foraminiferal chalk
oozes recovered at Hole 55.0 ranged from 1.46 to 1.77
km/sec and averaged 1.55 km/sec. In general, Pleisto-
cene to Miocene sound velocity core averages are about
1.54 km/sec, yet below 100 meters in the Oligocene
sound velocity tended to increase with increasing depth
to 1.70 km/sec. This change relates to a wet-bulk den-
sity increase which may, in part, relate to compaction.

Thermal Conductivity

Heat conductivity at Hole 55.0 ranged from 2.1 to 4.4
(?) X I0"3 c a r t ' 1 cm"1 sec"1 in chalk oozes of Pleisto-
cene to upper Oligocene age from 0 to 130 meters be-
low the sediment surface. Heat conductivity irregularly
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TABLE 2
Estimated Composition of Sediment in Cores from Hole 55.0

Core No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Foram.

50

45

40

10

5

10

15

15

0

10

20

20

20

25

Nannopl.

20

30

40

85

90

75

65

60

70

60

55

65

55-75

55

(%by

Other
CO2

10-40

15

10

0

0

10

8

5

0

0

0

0

0

0

weight)

Clay

5

5

10

5

5

5

10

10

10

10

10

4

5

10

Rad.

tr.

tr.

tr.

tr.

0

tr.

tr.

5

10

15

10

3

6

6

Sponge

0

0

0

0

0

0

1

5

5

4

5

7

4

4

Others3

0

5

0

0

0

0

1

0

5

1

0

1

0-20

0

mainly volcanic glass

increased with depth but did not appear to vary sys-
tematically with age or lithology.

Penetrometer

Penetrometer measurements in Pleistocene to Oligocene
foraminiferal and nannoplankton ooze (0 to 130 meters)
at Hole 55.0 ranged from 60 to complete penetration
with an average of 149 × I0"1 millimeters for the par-
tially penetrated values. Penetration irregularly decreas-
ed with increasing depth. Again, no distinct systematic
variations were observed with regard to lithological

changes in the chalk oozes except for a decrease in the
maximum penetrations in the Oligocene foraminiferal-
nannoplankton oozes at 100 to 130 meters.

CONCLUSIONS

Site 55 obtained an almost complete section through
the Neogene, and passed barely into the Oligocene (G.
ciperoensis zone in the last core catcher) perhaps half-
way to the base of the sediments, when the birth of
typhoon Viola halted the operation and forced the ship
eastward.
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HOLE 55.0

60

100

120

140

LITHOLOGIC DESCRIPTION

NANNOPLANKTON-FORAMINIFERAL CHALK OOZE, very pale brown with white
mottles

NANNOPLANKTON-FORAMINIFERAL CHALK OOZE, white and pale brown

NANNOPLANKTON-FORAMINIFERAL CHALK OOZE

NANNOPLANKTON CHALK OOZE, whi te , Discoasters make up t o t a l
nannoplankton content

NANNOPLANKTON CHALK OOZE, w h i t e , Discoasters make up to ta l
nannoplankton content

NANNOPLANKTON CHALK OOZE, white

FORAMINIFERAL-NANNOPLANKTON CHALK OOZE, white

NANNOPLANKTON CHALK OOZE, white

NANNOPLANKTON CHALK OOZE, very pale brown

RAOIOLARIAN NANNOPLANKTON CHALK OOZE, very pale brown

FORAMINI FERAL-NANNOPLANKTON CHALK OOZE, pale brown

NANNOPLANKTON CHALK OOZE, white

NANNOPLANKTON CHALK OOZE, whi te , small amounts of gray ashey
material present

FORAMINIFERAL-NANNOPLANKTON CHALK OOZE, white

Figure 5. Summary oflithology in Hole 55.0.

AGE

SERIES-SUBSERIES

PLEISTOCENE

LATE PLIOCENE

LATE PLIOCENE

EARLY LATE
MIOCENE

EARLY LATE
MIOCENE

MIDDLE MIOCENE

EARLY MIDDLE
MIOCENE

EARLY MIDDLE
MIOCENE

EARLY MIOCENE

EARLY MIOCENE

EARLY MIOCENE

MIOCENE or
OLIGOCENE

LATE OLIGOCENE

LATE OLIGOCENE
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HOLE: 55.0

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

HOLE POROSITY

COUNTS/7.6cm/1.25min % wt % vol
X10"J X10'1

km/sec cal/(°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

6 0 -

8 0 -

140-

*O = LABORATORY- ATMOSPHERIC BACKGROUND COUNT.

Figure 6. Summary of physical properties in Hole 55.0
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Figure 7. Summary oflithology in Hole 55.0 Core 1.
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CORE: 55.0-1

DEPTH NATURAL GAMMA

CONRE RADIATION

WET-BULK WATER CONTENT
DENSITY AND

POROSITY

COUNTS/7.6cm/1.25min 8/cc %wt %vol

SOUND THERMAL PENETROMETER
VELOCITY CONDUCTIVITY

X10'3

cal/(°C cm Me)

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 -

II
I I I I I I I

*O = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.
+

Figure 8. Summary of physical properties in Hole 55.0 Core 1.
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Figure 9. Summary oflithology in Hole 55.0 Core 2.
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CORE: 55.0-2

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

CORE POROSITY

COUNTS/7.6cm/1.25miπ ; wt % vol

SOUND THERMAL PENETROMETER
VELOCITY CONDUCTIVITY

X10'J X10"
cal/(°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

1 -

2 -

4 -

5 -

7 -

I I I

*O = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 10. Summary of physical properties in Hole 55.0 Core 2.
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Figure 11. Summary oflithology in Hole 55.0 Core 3.

402



CORE: 55.0-3

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

CORE POROSITY

COUNTS/7.6cm/1.25min g/cc

5000 1.4 1.8 2."

SOUND THERMAL PENETROMETER
VELOCITY CONDUCTIVITY

X10"J

cal/(°C cm sec)

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

I I I I I I 1*1 I I I I I I I I 1 * 1 I I I I I I I I I I I 1

I I

I \

h
*O = LABORATORY-ATMOSPHERIC BACKGROUND COUNT.

Figure 12. Summary of physical properties in Hole 55.0 Core 3.
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CORE: 55.0-4

DEPTH
IN

CORE

NATURAL GAMMA
RADIATION

WET•BULK
DENSITY
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Figure 14. Summary of physical properties in Hole 55.0 Core 4.
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CORE: 55.0-5
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Figure 16. Summary of physical properties in Hole 55.0 Core 5.
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CORE. 55.0-6
DEPTH NATURAL GAMMA WET-BULK WATER CONTENT

IN RADIATION DENSITY AND
CORE POROSITY
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Figure 18. Summary of physical properties in Hole 55.0 Core 6.
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CORE: 55.0-7
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Figure 20. Summary of physical properties in Hole 55.0 Core 7.
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CORE: 55.0-8

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

CORE POROSITY
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Figure 22. Summary of physical properties in Hole 55.0 Core 8.
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CORE: 55.0-10
DEPTH NATURAL GAMMA WET-BULK WATER CONTENT SOUND THERMAL PENETROMETER
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Figure 25. Summary of physical properties in Hole 55.0 Core 10.
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Figure 27. Summary of physical properties in Hole 55.0 Core 11.
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Figure 29. Summary of physical properties in Hole 55.0 Core 12.
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CORE: 55.0-13

DEPTH NATURAL GAMMA
IN RADIATION

CORE

COUNTS/7.6cm/1.25min

WET-BULK
DENSITY

g/cc

WATER CONTENT
AND
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Figure 31. Summary of physical properties in Hole 55.0 Core 13.
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Figure 32. Summary oflithology in Hole 55.0 Core 14.

424



CORE: 55.0-14

DEPTH NATURAL GAMMA
IN RADIATION

CORE

WET-BULK WATER CONTENT
DENSITY AND

POROSITY
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Figure 33. Summary of physical properties in Hole 55.0 Core 14.
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LEG
CORE

K0HOLE
DEPTH 009

FORAMINIFERA
Throughout the core (except

the core-catcher sample)

Pleistocene assemblages of

planktonic Foraminifera

were found - numerous

PuZZeniatina obZiquiZocu-

Zata, GZobovotaZia tumida,

G. cuZtvata, G. tvuncatuZi-

noides, G. dutevtvei,

SphaevoidineZZa dehisoens,

GZobigevinoides congZobatus,

G. vübev, G. saocuZifeva

together with less frequent

Candeina nitida, GZobovo-

taZia cvassafovmis, G.

infZata, Gtobigevina oálida

pvaecaZida, G. digitata

pvaedigitata.

The core-catcher sample

contains rare GZobovotaZia

tosaensis, G. tvuncatuZin-

oides. It is either the

top of Pliocene or the

lowermost layers of

Pleistocene.

NANNOPLANKTON
Pleistocene assemblages are

present in all samples but

the core-catcher sample.

Gephyvocapsa oceanica is

present in the upper four

core sections, becoming

more abundant toward the

top. Other species present

in these Gephyroβapsa ocean-

ica Zone assemblages include

CevatoZithus cvistatus,

Coccolithus dovonicoides>

Cyalocoacolithina leptoporus,

Cyctotithella annuZa,

EeZiaopontosphaeva kamptneri,

and Rhábdosphaeva cZavigera.

Also present are a few

reworked specimens of

CeratoZithus vugosus,

Discoaster bvouweri, D.

chaZZengeri, and D.

pentavadiatus. Lower

Pleistocene, CoccoZithus

dovonicoides Zone assem-

blages are present in the

lower two core sections.

The core-catcher sample

contains the upper Pliocene

Discoaster brouwer>i Zone

with C. vugosus, CycZococco-

Zithina macintyvei, D.

bvouweri, D. pentavadiatus,

and D. suvcuZus.

RADIOLARIA
Radiolaria are rare in this

core. The assemblage is

from the lower Miocene.

Judging from a much younger

age based on calcareous

microfossils and the absence

of Radiolaria of intermediate

ages, the Radiolaria appear

to have been contributed

from nearby outcrops.

TOP: not examined.

BOTTOM: Stichocovys woZffii,

CaZocycZetta costata,

Cannavtus pvismaticus,

CyvtocapseZla covnuta, and

Dovcadospyvis simpZex.

Figure 34. Summary of biostratigraphy in Hole 55.0 Core 1.
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LEG
CORE

HOLE •"
DEPTH "-«*-

FORAMINIFERA
All assemblages of plank-

tonic Foraminifera belong

to the upper part of

Pliocene - abundant Globovo-

talia tvonida tumida, G.

oultvata, G. aoostaensis

hwner>osa, Pulleniatina

obliquilooulata, Globigeri-

noides aonglobatus, G.

fistulosus, G. ruber, G.

saoculifeva, Ovbulina

universa together with

common Globor>otalia

inflata, G. orassaformis
3
 G.

dutertrei, G. rmlticamerata,

G. hivsuta, Candeina nitida.

Hastigerina siphonifera.

NANNOPLANKTON
This core contains assem-

blages of the upper upper

Pliocene Disooaster> br>ouweri

Zone. Among the discoasters,

in the upper four core

sections, Diseoaster brou-

weri [3- and 6-rayed forms]

is completely dominant,

whereas D. challengevi> D.

pentaradiatus
Λ
 and D. surau-

lus are present in substan-

tial numbers only in the

lower two core sections.

Additional characteristic

species in the core are

Ceratolithus vugosus>

Cooaolithus sp. cf. C.

maointyrei, and Helicoponto-

sphaer>a kamptneri.

A Pleistocene assemblage

present at the very top of

the core is presumed to

have resulted from cave-in

during retrieval of core 1.

RADIOLARIA
Radiolaria are rare in this

core. Two species are

commonly found in Ouaternary

and Pliocene assemblages.

Other species are from the

lower Miocene. In the

absence of species of inter-

mediate ages, the Miocene

Radiolaria appear to have

been contributed from

nearby outcrops.

TOP: not examined.

BOTTOM: Panartus tetrathal-

amus and Spongaster> tetras

(Quaternary ?). Calooyol-

etta aostata, C. vivginis,

Stiohoaorys wolffii, and

Cyrtoβapsella aovnuta

(lower Miocene).

Figure 35. Summary of biostratigraphy in Hole 55.0 Core 2.
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LEG
CORE

HOLE
DEPTH

FORAMINIFERA
Assemblages of the lower

part of Pliocene were found

in sections 6-4. They

consist of Sphaeroidinella

dehiscens, Globorotalia

tumida tumida, G. orassa-

formis, G, aoostaensis

humerosa, G. aaostaensis

pseudopima, G. inflata, G.

multicamerata, G. hirsute.,

G. oultrata, Pülleniatina

obliquiloaulata, Globiger-

inoides eonglobatus, G.

ruber, G. fistulosus, G.

saoculifera, Globigevina

eggerij Globoquadvina

dltispiva.

Sections 3-1 are transitional

layers between the lower and

upper parts of Pliocene.

They contain the first rare

Globorotalia tosaensis

together with last

Globoquadrina altispira.

NANNOPLANKTON
Upper Pliocene assemblages of

the Disaoaster brouweri Zone

are present throughout the

core. Species present

include Ceratolithus rugosus>

Cyaloaoβaolithina leptoporus,

C. maaintyrei, Disaoaster

brouweri, D. ohallengeri,

D. pentaradiatus, D, surau-

lus, Helioopontosphaera

kamptneri, and H. sellii.

RADIOLARIA

Radiolaria are rare in this

core. The species present

indicate a lower Miocene age.

Judging from much younger

ages based on calcareous

microfossils and the absence

of Radiolaria of intermediate

age, the Radiolaria appear to

have been contributed from

nearby outcrops.

TOP: not examined.

BOTTOM: Caloayaletta aostata,

Stiohoaorys wolffii, Cyrto-

aapsella oornuta, Cannartus

mammiferus, and Dorcadospyris

'dentata.

Figure 36. Summary of biostratigraphy in Hole 55.0 Core 3.
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LEG
CORE

HOLE
DEPTH 27.4-36.6 m

FORAMINIFERA NANNOPLANKTON RADIOLARIA

Throughout the core assem-

blages are typical for the

Globorotalia menavdii Zone,

upper Middle Miocene

(Tortonian stage).

Planktonic Foraminifera are

represented by abundant

Globorotalia menardii,

Orbulina universa, Globiger-

ina nepenthes, G. bulloides,

G. parabulloides, G. oonoi-

nna, Sphaeroidinellopsis

grimsdalei, S . rutschi,

S . subdehisaens, Globigeri-

noides bollii, G. obliquus,

G. ex gr. sacoulifera

together with Globorotalia

lenguaensis, G. pseudopaohy

derma, Globigerinita glutina-

ta, Hastigerina siphonifera,

Globigerina globorotaloidea.

The assemblage throughout

the core represents the

upper Disaoaster neohamatus

Zone, or lower upper Miocene.

Discoaster quintatus which

is abundant at the top of the

core is less common lower in

the core and is absent at the

base. Other species present

in the core are Cyclooooooli-

thina teptoporus, C, maointy-

rei, Disaoaster brouweri s.l.,

D. óhallengeri, D. neohama-

tus, D. pentaradiatus3 D.

quintatus, and Triquetror-

habdulus rugosus.

Radiolaria are rare in this

core. The species present

are from the lower Miocene.

Judging from upper Miocene

ages based on calcareous

microfossils and on the lack

of Radiolaria of middle

Miocene age, the Radiolaria

appear to have been contri-

buted from a nearby outcrop.

TOP: not examined.

BOTTOM: Doraadospyris

simples, Stichoaorys wolffii,

and Caloayβletta virginis.

Figure 37. Summary of biostratigraphy in Hole 55.0 Core 4.
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LEG
CORE

HOLE
DEPTH

55.0

FORAMINIFERA

All assemblages of plank-

tonic Foraminifera belong

to the Globorotalia menardii

Zone, upper Middle Miocene

(Tortonian stage).

The most numerous are

Orbulina universe., Globiger-

ina nepenthes, Sphaeroidine-

llopsis grimsdalei, S .

rutsahi, S . subdehisaens,

Globoquadrina altispira.

They associate with Globoro-

talia menardii, G. pseudo-

paβhyderma, Globi-gevinoides

bollii, Globigerina bulloi-

des, G. oonoi•nna, G. para-

bulloides, G. decovaper>ta,

Globoquadrina déhisoens, G.

larmeui obesa.

NANNOPLANKTON
Assemblages of the

Bisβoaster neohamatus Zone

are present through all but

the lower half meter of the

core where Disooaster hama-

tus Zone assemblages are

present. The contact be-

tween these zones is con-

sidered to be the upper to

middle Miocene boundary.

Species from the upper part

of the core include

Cyaloβooaolithina leptoporus,

C. macintyvei> Disooaster

ohallengeri, D. neohamatus,

D. pentaradiatus, D. sp. cf.

D. surculus, Retiaulofenes-

tra pseudoumbilioa, and

Triquetrorhabdulus vugosus.

Species from the bottom of

the core include Catinaster

aalyaulus, and T>isooaster

hamatus.

RADIOLARIA

No Radiolaria.

Figure 38. Summary of biostratigraphy in Hole 55.0 Core 5.
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LEG
CORE

HOLE
DEPTH

FORAMINIFERA

Assemblages of the Globorota-

lia fohsi Zone, lower Middle

Miocene, were traced through-

out the core, except the top.

They include Candorbulina

imiversa, Biorbulina bilobata,

Globorotalia fohsi, G.

peripheroaouta, G. praemenar-

dii, G. mayeri, Sphaeroidine-

llopsis grimsdalei, S.

rutsohi, Globoquadrina

altispira, Globigerina

oonoinna.

The top sample belongs to

the Globorotalia menardii

Zone, upper Middle Miocene,

and is characterized by

numerous Orbulina universa,

Globorotalia menardii, G.

mayeri, Globigerina bulloi-

des, Sphaeroidinellopsis

grimsdalei, Sph. subdehisaens,

Globoquadrina altispira.

NANNOPLANKTON

Samples from the top of the

core contain Catinaster

σoalitus and are assigned to

the Catinaster aoalitus

Zone or upper middle Miocene.

The remainder of the core

contains middle middle

Miocene assemblages charac-

terized by irregular calcite

overgrowths that limit

species distinctions.

Species present include

Cyβloooacolithina leptoporus,

Disaoaster brouweri 8.1.
3
 D.

óhallengeri, D. sp. aff.

D. challengeri, Retiouto-

fenestra pseudowribilica, and

Tviquetrorhábdulus rugosus.

RADIOLARIA
Radiolaria are fairly

abundant in this core. The

presence of curved and

flattened orosphaerid

spines suggests a middle

Miocene age for the

formation of the sediment.

Most of the SDecies are

from the lower middle Miocene

and lower Miocene and may be

reworked or contributed from

nearby outcrops, or both.

TOP: Stiohooorys delmon-

tense, Caloaycletta oostata,

Stiohooorys wolffiiy Doroad-

ospyris alata, D. simplex,

and Cálooyoletta virginis.

BOTTOM: Stichocorys

delmontense, S. wolffii,

Cannartus latioonus,

Doroadospyris alata,

Cálooyoletta oostata, Cyrto-

oapsella oornuta, and C.

japonioa.

Figure 39. Summary of biostratigraphy in Hole 55.0 Core 6.
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LEG
CORE

HOLE o
DEPTH

FORAMINIFERA
Very rich assemblages of the

Globorotalia fohsi Zone,

lower Middle Miocene, were

established throughout the

core.

Planktonic foraminifers are

represented by numerous

Sphaeroidinellopsis grims-

daleij S. rutsahi3 Globo-

quadrina déhiscens 3 G.

altispira, Globorotalia may-

eri, G. obesa, Globiger•inoi-

des trilobus, common

Candorbulina universa,

Globorotalia fohsi3 G.

peripheroaouta, G. praemen-

ardii, Globigerinoides

subquadratus3 Globigerina

aonoinna, G. foliata and

rare Biorbulina bilobata3

Globigerinoides irregularis3

Globigevinopsis aquasayensis.

NANNOPLANKTON
Assemblages of this core are

transitional from middle to

lower middle Miocene. Among

the placoliths, Cyolocoaao-

lithina neogarrmation

gradually replaces C.

leptoporus and Reticulofene-

stra pseudovmbilica, in

samples taken downward

through the core. Rare

specimens of Sphenolithus

heteromorηphus are also

present only in the lower

part of the core and suggest

together with the occurrence

of Disaoaster deflandrei

the affinity of the assem-

blages to the Sphenolithus

heteromor>phus Zone of the

lower middle Miocene.

RADIOLARIA
Radiolaria are abundant

throughout this core. Most

of the species represent the

lower middle Miocene

Doroadospyris alata Zone.

A few rare species may

represent reworking from the

lower Miocene or contri-

bution from nearby outcrops.

TOP: Stiohoaor>ys delmon-

tense, Cannartus latioonus,

Calocyaletta βostata
3
 C.

virginis
3
 Dovaadospyris

alata, Cyvtooapsella oormuta
3

C. virginis, Dovoadospyris

alata, Cyvtooapsella oovnuta.

C. japoniaa
3
 C. tetvapeva,

and Stiahoaorys wolffii.

BOTTOM: Stiahoaorys delmon-

tense, S. wolffii
3
 Doroado-

spyris alata, Calooyoletta

aostata, C. virginis
3

Cannartus latioonus,

Cyrtoaapsella aornuta, and

C. tetrapera.

Figure 40. Summary of biostratigraphy in Hole 55.0 Core 7.
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LEG β

CORE
HOLE •"
D E P T H 64*73.2 m

FORAMINIFERA
The lowermost part of this

core (sections 6 - 5) is

characterized by foraminifers

of the Globigerinatella

insueta Zone, upper Lower

Miocene.

Other sections (4 - 1) of

the core contain foraminifers

of the Globorotalia fohsi

Zone, lower Middle Miocene.

Bottom: Globiger>inoides

trilobus, G. diminuta, G.

bisphaeriaa, Globorotalia

peripheroronda, G. obesa,

Globoquadrina dehisoens,

G. altispira, Sphaeroidine-

llopsis grimsdalei, very

rare Globigerinatella insueta

and Praeorbulina transitoria.

Top: Sphaeroidinellopsis

grimsdalei, S. rutsahi,

Globorotalia peripheroaauta,

G. mayeri, Globigerinoides

ivregulavis, Globigevina

aonoinna, Globoquadrina

dehisoens, G. altispira, rare

Candorbulina universa.

NANNOPLANKTON
All samples from this core

are assignable to the lower

middle Miocene Sphenolithus

heteromorphus Zone. Dis-

coasters, in the assemblages

examined, are poorly

preserved. Disooaster

deflandrei is present, but

D. brouweri β.l.
Λ
 and D.

ahallengeri 8.1. are most

common. Cycloaoacolithina

neogammation and Sphenolith-

us heteromorphus are common

to abundant.

RADIOLARIA
This core contains assem-

blages of the lower middle

Miocene Doroadospyris alata

Zone in the upper and middle

parts and assemblages of

the upper lower Miocene

Calooycletta aostata Zone in

the lower part.

TOP: Stiahoβorys delmon-

tense, Doroadospyris alata,

Cannartus laticonus,

Cyrtoaapsella oornuta,

Calocyβletta aostata, and

Doroadospyris dentata.

BOTTOM: Calβyaletta oostata,

Stiahoaorys wolffii, S.

delmontense, Cyrtoaapsella

cornuta, Doraadospyris

dentata, D. simplex,

Cannartus violina, and C.

mammiferus.

Figure 41. Summary of biostratigraphy in Hole 55.0 Core 8.
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LEG
CORE

HOLE °
D E P T H 73.2-82.3

FORAMINIFERA NANNOPLANKTON RADIOLARIA
This core contains planktonic

Foraminifera typical for the

Globigerinatella insueta

Zone, upper Lower Miocene.

The assemblages include

numerous Globigerinoides

trilobus, G, subquadratus,

Globoquadrina déhiscens, G.

altispira, G. langhiana,

Globigerina bollii, G.

foliata, G. faloonensis, less

frequent Globorotalia obesa,

G. siakensis, G. peripheroro-

nda} Glöbigevinoides diminuta,

G. bisphaerica and very rare

Globigerinatella insueta and

Praeorbulina transitoria.

Seemingly it is the upper

subzone of the G. insueta

Zone (with Praeorbulina).

Lower middle Miocene assem-

blages of the lower

Sphenolithus heteromorphus

Zone are found throughout

this core. Species present

include Cyclooooaolithina

leptoporus [small], C.

neogarmation> Disooaster

brouweri 8.1.3 D. deflandr>ei,

Sphenolithus heteromorphus.

Discoasters are poorly

preserved.

This core contains Radiolaria

representing the upper

lower Miocene Calooyoletta

oostata Zone.

TOP: not examined.

BOTTOM: Calooyoletta

oostata, Stiohooor>ys

wolffii, S. delmontensβj

Cyrtooapsella oornuta,

Cannartus violina
t
 C.

tubarius, Doroadospyris

simplex, D. dentata, and

Calocyletta virginis.

Figure 42. Summary of biostratigraphy in Hole 55.0 Core 9.
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LEG
CORE

HOLE «
DEPTH 82 3 91.4 m

FORAMINIFERA
The assemblages of the

Globigevinatella insueta

Zone, upper Lower Miocene,

were traced throughout the

core.

Planktonic Foraminifera are

represented by numerous

Globigevinoides tvilobus,

Blogoquadvina langhiana, G.

altispiva, G. dehisoens,

Globigevina foliata, G.

bollii, G. faloonensis,

Globorotalia saikensis, G.

obesa, G. pevipherovonda and

rare Globigevinatella.

insueta.

Section 6 belongs to the

lower subzone (without G.

bisphaeriaa). All other

sections with comparatively

rare G. bisphaevioa corres-

pond evidently to the middle

subzone (without Praeovbu-

lina).

NANNOPLANKTON
Upper lower Miocene assem-

blages of the Helioopontos-

phaera ampliaperta Zone are

present throughout the core.

Species present include,

Cycloaoooolithina. neogamma-

tion, Disooaster deflandveiò

D. perplexuBy and Sphenoli-

thus heteromorphus.

RADIOLARIA
The assemblages contained

in this core are of the

upper lower Miocene

Calooyoletta oostata Zone.

TOP: Stiohooorys wolffii.

Calooyoletta oostata,

Dor>oadospyris simplex.

Cyrtooapsella oornutat

Cannavtus tubar>iuβ, C.

violina, and C. pvismatious.

BOTTOM: Calooyoletta

oostata, Stiohooorys wolffii,

Calooyoletta virginis,

Cyrtooapsella oovnuta.

Cannartus tubarius, C.

violina, Stiohooorys

delmontense, Doroadospyris

simplex, D. dentata, D.

foroipata, and Lyohnooaniim

bipes.

Figure 43. Summary of biostratigraphy in Hole 55.0 Core 10.
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LEG
CORE 11

HOLE •"
91.4-100.6 m

FORAMINIFERA
This core includes sediments

of the upper part of the

Globigerinita dissimilis Zone

(lower Lower Miocene) and the

lower part of the Globigerin-

atella insueta Zone (upper

Lower Miocene).

The Globigerinita dissimilis

Zone (sections 6 - 4 ) is

characterized by G. dissimi-

lis, G. stainforthi, Globige-

rina venezuelana, G. pseudoe-

dita, G. bradyi, Globoquadr-

ina praedehisoens, G. altis-

pira globosa, rare Globigeri-

noides tvilóbus.

For the Globigerinatella

insueta Zone (sections 3 - 1 )

are typical Globoquadrina

dehisoens, G. altispira, G.

quadraria, G. langhiana,

Glóbiger>ina faloonensis, G.

foliata, numerous Globigeri-

noides tvilóbus, G. subquad-

ratus.

NANNOPLANKTON
This core is transitional

upper lower to lower lower

Miocene with Sphenolithus

heteromorphus restricted to

the upper part of the core

and Disooaster sp. cf. D.

dvuggii and Orthovhabdus

servatus occurring in most

samples through the lower

four sections of the core.

Other species occurring

include aycloooaaolithina

neogammation, Disaoaster

deflandrei, D. perplexus,

Helioopontosphaera pavallela,

Sphenolithus sp. aff. 5.

belemnos, and S. moriformis.

The assemblages of the

lower part of the core are

assigned to the Disaoaster

druggii Subzone of the

Tviquetvovhabdulus aavinatus

Zone.

RADIOLARIA
Radiolarian species in this

core represent the lower

lower Miocene Calooyoletta

virginis. The boundary

between this zone and the

upper lower Miocene C.

oostata Zone presumably

occurs near the top of this

core.

TOP: Stiahoaorys wolffii.

Caloayoletta virginis,

Cyrtooapsella oornuta,

Dorβadospyris simplex, D.

dentata, Dannartus túbarius,

C. violina, C. prismaticus,

and C. mammiferus.

BOTTOM: Stiahoaorys wolffii,

Calooyoletta virginis,

Cyrtooapsella oornuta, D.

japonioa, Doroadospyris

simplex, Cannartus túbarius,

and C. prismatious.

Figure 44. Summary of biostratigraphy in Hole 55.0 Core IL
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LEG
CORE «

HOLE •"
DEPTH

FORAMINIFERA
Foraminifera of the core

catcher and Section 6

indicate the Globorotalia

kugleri Zone of lower

Lower Miocene (or upper

Upper Oligocene in Bolli's

zonal scale, 1957) - Globor-

otalia kugleri, G. siakensis,

Globigerina bradys, G.

Quvenilis, G. woodi, G.

angustiimbilicata and rare

Globigerinoides trilobus

primordius, Globigena

venezuelana.

all other sections contain

microfauna of the Globiger-

inita dissimilis Zone

(Lower Miocene) - G.

dissimilis, G, stainforthi,

Globigerinoides trilobus

trilobus, Globoquadrina

praedehiscens, Globigerina

venezuelana, G. bradyi,

Globorotalia minutissima.

NANNOPLANKTON
Assemblages in this core

lack Disooaster druggii and

Orthorhabdus serratus and

are transitional between the

more distinctive assemblages

of the upper and lower

Triquetrorhabdulus βarinatus

Zone. Species present

include cyclococcolithina

neogammation, Disooaster

deflandrei, D. perplexus,

Sphenolithus sp. aff. S.

belerrmos, S. moriformis,

and Triquetrorhabdulus

oarinatus.

RADIOLARIA

The boundary between the

lower Miocene Calooycletta

virginis Zone and the

approximately upper

Oligocene Lychnocaniwn bipes

Zone occurs near the bottom

of this core.

TOP: Calocycletta virginis,

Cyrtocapsella cornuta, C.

tetrapera, Cannartus

prismaticus, Lychnocanium

bipes, Dorcadospyris

ateuchus, Cannartus

tubarius, and Cyrtocapsella

japonica.

BOTTOM: Lychnocanium bipes,

Dorcadospyris ateuchus,

Cannartus prismaticus,

C. tubarius, Cyrtocapsella

cornuta, C. tetrapera, and

C. japonica.

Figure 45. Summary of biostratigraphy in Hole 55.0 Core 12.
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LEG 6

CORE »
HOLE «"
DEPTH i i2 5•i2i•6m

FORAMINIFERA NANNOPLANKTON RADIOLARIA

This core contains assem-

blages of planktonic

Foraminifera typical for the

Globorotalia kugleri Zone

of lower Lower Miocene (or

upper Upper Oligocene in

Bolli's zonal scale, 1957) -

abundant Globorotalia

kugleri, Globigerina Quveni-

lis, G. bradyi, G. angustiu-

mbiliβata in association with

Cassigerinella chipolensis,

Globorotalia siakensis, G.

brevispira, G. pseudokugleri,

Globigerina woodi, G.

venezuelana, G. tripartita,

Globoquadrina praedehisoens.

Upper upper Oligocene assem-

blages of the lower

Triquetrorhabdulus oarinatus

Zone are present throughout

the core. Species present

include Coacolithus sp. aff.

C. biseatus, Cyaloooaoolithina

neogarmation, Disaoaster

deflandreiy Heliσopontosph-

aera obliqua, H. parallela,

Sphenolithus sp. aff. S.

belermos, S. moriformis, S.

sp. [undescribed], and

Triquetrorhabdulus oarinatus.

This core contains a Radiola-

rian assemblage of the

approximately upper Oligocene

Lyβhnooanium bipes Zone.

TOP: Lyohnooanium bipes,

Doroadospyris ateuahus,

Gyrtooapsella oornuta, and

Cannartus prismatious.

BOTTOM: Lyohnoaanium bipes,

Doroadospyris ateuahus,

Cannartus tubarius, C,

prismatious, Cyrtooapsella

oornuta, C. tetrapera, and

C. àaponioa.

Figure 46. Summary of biostratigraphy in Hole 55.0 Core 13.
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LEG 6

CORE 14
HOLE •"
DEPTH i2i 6• i3°•8m

FORAMINIFER A NANNOPLANKTON RADIOLARIA

Throughout the core assem-

blages of planktonic forami-

nifers consist of abundant

Globovotalia kuglevi,

Globigerina bradyiy G.

juvenilis> Cassigerinella

chipolensis, less numerous

Globigerina angustiumbili-

aata, G. tripartita, G.

pvaebulloides and rare

Globigerina venezuelana, G,

woodi, Globigevinita

dissimilis, Globoquadrina

pvaedehisoens, Globorotalia

siakensis - the Glóbovotalia

kugler>i Zone of lower Lower

Miocene (or upper Upper

Oligocene in Bolli's zonal

scale, 1957).

Upper upper Oligocene assem-

blages of the lower

Tviquetvovhábdulus carinatus

Zone are present throughout

the core. Species present

include Coccp;otjis sp. aff.

C. biseotuSy Cyclococcoli-

thina neogammation, Disaoast-

er deflandvei> Eelioopontos-

phaera parallela, Sphenoli-

thus sp. aff. 5. belermos,

S. movifovmtSy and Tviquet-

rorhabdulus oarinatus.

This core contains Radiolaria

of the approximately upper

Oligocene Lyohnoaaniwn bipes

Zone.

TOP: or>βadospyvis ateuohus,

Cannavtus pvismaticus
3

Cyvtooapsella ooymuta
3
 and

Lyehnooanium bipes.

BOTTOM: Dor cadospyvis

ateuchus, Cannavtus

prismatiouSy Cyvtooapsella

oovnuta, C. tetvapeva
3
 and

Lyohnooanium bipes.

Figure 47. Summary of biostratigraphy in Hole 55.0 Core 14.
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SECTION 1

— 0 cm

Plate 1. Photographs of Hole 55.0 Core 1.
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SECTION 1

•Ocm

Plate 2. Photographs of Hole 55.0 Core 2.
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Plate 3. Photographs of Hole 55.0 Cores 3 and 4.
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SECTION 1

Ocm•
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Plate 4. Photographs of Hole 55.0 Core 5.
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CORE 6

SECTION 5

0 cm

Plate 5. Photographs of Hole 55.0 Cores 6, 7 and 8.
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SECTION

SECTION 2

•Ocm

10

3

11

Plate 6. Photographs of Hole 55.0 Cores 10 and 11.
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SECTION 1
•0 cm

150
Plate 7. Photographs of Hole 55.0 Core 12.
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SECTION l
-Ocm

Plate 8. Photographs of Hole 55.0 Core 13.
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