7. SITE 160

The Shipboard Scientific Party'

SYNOPSIS

Area: West flank East Pacific Rise between Clarion and
Clipperton fracture zones

Date Occupied: 5-7 March, 1971
Position:

Lat. 11°42.27'N

Long. 130°52.81'W

Water Depth: 4940 meters (corrected)
Penetration: 114 meters

Number of Holes: 1

Number of Cores: 14

Core Recovery: 95.8 meters

Acoustic Basement:
Depth: 0.135 second
Nature: Basalt
Inferred velocity in the sedimentary section: 1610
m/sec

Age of Oldest Sediment: Early Oligocene

The site was continuously cored to yield the following
sequence of deposits:

0-27 meters — Brown zeolitic clay with abundant ferroman-
ganese micronodules and ferruginous aggregates; barren
except for upper 3 meters.

Age: If no hiatuses exist, Quaternary to early Miocene.
27-108 meters — Nannofossil chalk ooze; radiolarians are
present throughout but foraminifers are poorly preserved
and restricted to 36 to 108 meters. A disconformity may
exist near 43 meters (Oligocene-Miocene boundary).

Age: Early Miocene to early Oligocene.

108-109 meters — Dark brown calcareous clay rich in
ferruginous aggregates. Severely disturbed and contami-
nated.

Age: Early Oligocene.

109-114 meters — Extrusive basalt.

The upper interval, assuming that no hiatuses are
present, has a sedimentation rate of about 1.5 m/m.y. The
underlying ooze has a rate of 5 m/m.y., which is low fora
calcareous sediment, suggesting that it was laid down
mainly between the lysocline and the calcite compensation
depth. The basal sediment is from the Globigerina ampli-
apertura (foraminiferal), Helicopontosphaera reticulata
(nannofossil) and Theocyrtis tuberosa (radiolarian) zones,
giving an estimated age of 34 to 36 m.y.
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REGIONAL SETTING AND OBJECTIVES

DSDP 160 forms part of a series of sites in the eastern
equatorial Pacific on the west flank of the East Pacific Rise
(Figure 1). Earlier legs of the Deep Sea Drilling Project, in
particular Legs 5 and 9, have reported sediments rich in
oxides of iron and perhaps other transition metals just
above basement in the eastern Pacific (McManus et al.,
1970; Hays et al., 1972). These occurrences roughly define
a broad zone on the west flank of the rise. Sites DSDP 159
and DSDP 160 lie on this trend and were selected by the
Pacific Site Selection Panel to test the extent of such
deposits. The nature of the metalliferous sediments has
been described in a general way by von der Borch and Rex
(1970). Sediments containing relatively large quantities of
iron, manganese, and frace metals, somewhat similar to
those reported by von der Borch and Rex, have also been
found on the crest of the East Pacific Rise (Bostrom and
Peterson, 1966, 1969; Bostrom et al., 1969). By analogy,
the iron-rich deposits of the DSDP holes have been
considered the products of hydrothermal activity on the
ridge crest which have subsequently been transported
downflank by sea floor spreading and buried under younger
sediments. The number of sites from which such deposits
have been reported is far larger than can be ascribed to
accidental penetration of highly localized formations, thus
lending credence to the rise-crest origin.

The site, like DSDP 159, is located on the northern edge
of the equatorial zone of high biological productivity. The
axis of this zone, beneath the equator, coincides with a
thick lens of calcareous sediments (Figure 1) which extends
across the eastern Pacific. This lens, which was extensively
drilled on Legs 7, 8, and 9, contains a record of migrating,
expanding, and contracting equatorial biogenous sedimenta-
tion during the Cenozoic. Data obtained on a meridional
profile at 140°W (Tracey et al., 1971) show that with
increasing age the zone of maximum calcareous deposition
shifts gradually northward, and also that the width and rate
of sedimentation within the zone have varied through the
Cenozoic. DSDP 160 and associated sites were selected to
further delineate the Cenozoic history of equatorial sedi-
mentation in this part of the world and its dependence on
tectonic, oceanographic, and climatic variations.

The site is located on the middle flank of the East
Pacific Rise about 3,000 km west of the present rise crest
and 1,000 km west of DSDP 159. The data from DSDP 159
and earlier paleontological studies of surface cores (Burckle
et al., 1967; Riedel, 1967) indicate that during most of the
Cenozoic, the sea floor was spreading at the high rate of
approximately 8 cm/yr parallel to the Clarion and Clip-
perton fracture zones, which define the structural block in
which the sites are located. Sclater and Bell (1971) have
suggested that during this period the spreading axis was
located at the Mathematicians Seamounts and that it
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Figure 1. Location of Leg 16 sites (large triangles) in the eastern equatorial Pacific on the west flank of the East Pacific Rise.
Small dots are sites from Legs 5, 8, 9, and 17. Contours indicate sediment thickness above acoustic basement in seconds

(approximately equivalent to 800 meters).

jumped to its present position in the late Miocene. This
jump was accompanied by a change in direction and a
reduction in the rate of spreading (Heirtzler, 1968).

TOPOGRAPHIC AND GEOLOGICAL SETTING

The relief of the middle flank of the East Pacific Rise is
very subdued, with a regional slope of approximately 1 in
500. Superimposed on this slope is a rather complex local
basement relief which consists of a stepped series of level or
tilted surface, each only a few kilometers wide and
separated from its neighbors by steeper slopes and maxi-
mum differences in elevation of 100 meters or so. The
basement surface and sea floor are generally parallel. The
small-scale relief appears to result from normal downflank
faulting of the basement (Figure 3). Clusters of small
seamounts, rising a few hundred meters above the surround-
ing terrain, appear infrequently. The largest fault blocks are
10 to 20 km long in an east-west direction and of unknown
length parallel to the regional strike. Detailed surveys made
elsewhere on the flank of the East Pacific Rise (Luyendyk,
1970) suggest that the structure is probably rather strongly
lineated perpendicular to the strike of the major fracture
zones.
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The site itself is located in a downfaulted block,
approximately 5 km wide, between two upfaulted base-
ment ridges each less than 2 km wide, (Figure 2 and 3).
Two parallel crossings by the drilling vessel show very
similar profiles and suggest a northerly trend of the
structure. There are no basement outcrops in the vicinity of
the site and the area is covered with a uniform sediment
blanket varying in thickness from 0.15 to 0.20 sec. The
cover is regional; basement appears to crop out only on
very steep slopes, on rare, high, upfaulted blocks, and on
seamounts. The records are inadequate to determine
whether the faulting predates or postdates sedimentation,
although the two appear to be at least in part synchronous.

DSDP 160 was placed in a different location from the
one proposed by the Pacific Site Selection Panel. The panel
had chosen two alternatives each located at a substantial
distance from the direct line between sites DSDP 159 and
DSDP 161, and each based on a single seismic reflection
profile. Since all data, including those obtained during the
Leg 16 traverse, indicated little variation in sediment cover
over the region, the final location of DSDP 160 was
arbitrarily selected at the appropriate distance from the rise
crest on the most economic track. Given the uniformity of
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Figure 2. Site location map: A-160 and 160-B are loca-
tions of profiles of Figure 3. Approximate positions of
boundary faults of drilled trough shown.
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the sediment blanket and the very small scale of the relief
observed, an extensive site survey appeared unnecessary,
and the location was determined after a double pass across
the target area (Figure 2).

The acoustic section at the site is uniform and highly
transparent, containing only a few weak and rather discon-
tinuous reflectors. The most prominent of these occurs very
near the surface, and appears and disappears irregularly
along the profile. The entire section is uniform in thickness
and shows no consistent evidence of thickening in the
valleys or thinning on slopes and hill crests, thus suggesting
that local displacement of sediments is minor. Several small
faults are present and are marked by basement displace-
ment of the order of 0.05 sec and surface relief of 10 to 20
meters. The basement reflector is somewhat discontinuous
because of the presence of the small, rather closely spaced
faults, and its upper surface is not very sharply defined. The
acoustic profile at the drill site is summarized in Table 1.

OPERATIONS

The vessel arrived in the site area near noon on March 5
and the beacon was dropped at 1445 hours. The hole was
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Figure 3. Acoustic reflection profiles in vicinity of DSDP 160. Depths in seconds of two-way travel
time. Locations are shown on Figure 2. Horizontal scale is approximate,

267



SITE 160

TABLE 1
Comparison of Acoustic Section and Drill Data, DSDP 160
Depth Velocity
Reflectors (sec)  Drilling Results (m/sec)
Base of upper transparent  0.035 27 m top chalk 1540

zone ooze
Top of acoustic basement  0.135 109 m top basalt 1610

cored continuously, using a new 10 1/8" Smith regular
4-cone button bit. Drilling was uneventful except for
positioning problems resulting from 20 to 25 kt winds and
8 to 12 feet seas from variable directions. Low recovery of
basalt despite six meters of penetration into basement was
attributed to pounding of the bit. The vessel left the site
area on March 7, after completing a seismic reflection pass
across the beacon. A summary of coring operations is given
in Table 2.

LITHOLOGY

The sediments at DSDP 160 can be divided into three
units (Figure 4), two of which dominate the section,
overlying basalt at the base of the hole. Unlike DSDP 159
(chapter 6, this volume), each unit consists of a single
lithologic type.

TABLE 2
Coring Summary, DSDP 160
Depth Below | Depth Below
Sza Level SI{J’.a Floor Cored Recovered
Core (m) (m) (cm) (cm) (%)

1 49404949 09 900 540 60.0
2 4949-4958 9-18 900 680 75.6
3 4958-4967 18-27 9200 850 94.4
4 4967-4976 27-36 900 670 74.4
5 4976-4985 36-45 9200 850 94 .4
6 49854994 45-54 200 870 96.7
7 4994-5003 54-63 900 780 86.7
8 5003-5012 63-72 900 710 78.9
9 5012-5021 72-81 900 890 98.9
10 5021-5030 8190 900 870 96.7
11 5030-5039 90-99 900 880 97.8
12 5039-5048 99-108 900 895 99.4
13 5048-5049 108-109 100 87 87.0
14 5049-5054 109-114 500 5 1.0

Unit 160-1 — Zeolitic clay, predominantly moderate
brown, with abundant manganese micronodules and
common radiolarians; (0-27 m).

Unit 160-2 — Nannofossil chalk ooze, grayish orange to
very pale orange (27-108 m).

Unit 160-3 — Basal brown ferruginous clay (108-109 m).

Unit 160-4 — Basalt.
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Figure 4. Sequence of lithologic types at DSDP 160. For explanation, see text,
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Unit 160-1 (0-27 m)

The unit consists of a zeolitic clay with streaks, bands,
patches, and mottles of dusky brown, grayish orange, and
moderate yellow brown clays in a moderate brown matrix.
The clay is severely disturbed by the coring process.
Radiolarians are present in this unit, varying from abundant
between 0 and 3 meters to very rare between 9 and 19
meters. Diatoms are also present, as well as diagenetic
minerals including manganese nodules, micronodules, dark
yellowish brown isotropic ferruginous aggregates, and
zeolites. The manganese nodules occur near the top of
Cores 1, 2, and 3, and are roughly spherical in shape,
ranging in size from 2 to 4 cm. The sediment coating then
contains Quaternary radiolarians, suggesting that they have
caved from the surface. Manganese micronodules vary from
common to abundant throughout the unit and are most
concentrated in the darkest sections. The ferruginous
aggregates cluster in some zones of abundant micronodules
between 18 and 27 meters, and are similar to the aggregates
noted in the upper part of DSDP 159.

Unit 160-2 (27-108 m)

Unit 160-1 changes abruptly to Unit 160-2 at 27 meters;
the contact was not recovered although discoasters make an
appearance in the core catcher sample of Core 3. The upper
part of 160-2 consists of grayish orange nannofossil chalk
ooze with abundant discoasters and common to abundant
radiolarians. Micronodules are common and diatoms are
present together with sponge spicules. The sediments are
moderately to severely disturbed and show various mottles,
patches and streaks of moderate yellowish brown and pale
yellowish brown intermixed with the predominant grayish
orange.

Near 44 to 46 meters, the dominant color changes to
very pale orange, but mottles of grayish orange, similar to
the overlying sediment, persist. Radiolarians and micro-
nodules remain common. With increasing depth, the very
pale orange oozes become increasingly abundant although
darker hues still persist in the form of mottles, streaks, and
patches. Below 45 meters, foraminifers are present in small
numbers while radiolarians remain common. Micronodules
are present throughout but become more common in small
diffuse yellowish brown patches which appear near 53
meters. Some very pure calcareous material appears as
white streaks.

Between 63 and 99 meters, the sediments consist of
almost uniform very pale orange nannofossil chalk ooze,
containing foraminifers, radiolarians, and micronodules in
various concentrations together with white streaks and
mottles. These contain fewer micronodules and radiolarians
than does the bulk of the sediment. An increased degree of
consolidation is evident in this section.

Near 99 meters, there is a slight change in color from
very pale orange to grayish yellow. The grayish yellow
persists down to 108 meters; the sediments in this interval
show minor mottling in very pale orange and contain
micronodules, radiolarians, foraminifers and silicoflagellates
in variable concentrations.

Unit 160-3 (108-109 m)

Due to poor recovery this unit is ill-defined. Core 13
contains fragments of the overlying chalk resulting from
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caving as well as basalt cuttings in a moderate yellowish
brown matrix of clay. Much of the clay is slurried, but at
50 cm above the bottom of Core 13, a piece of brown,
ferruginous material is well preserved. This fragment con-
tains a flood of dark yellow brown amorphous aggregates
which appear to be the equivalent of the ferruginous
deposits found elsewhere just above basement (Cronan, this
vol., chapter 18).

Unit 160-4 (Below 109 m)

Basement was recovered only as a few fragments of a
fine-grained basalt containing phenocrysts and phenocryst
clusters of laboradorite and augite in a groundmass of very
fine-grained material rich in magnetite and devitrified glass.
The textures in the phenocryst clusters are generally
diabasic. Plagioclase zoning is limited to slight normal
zoning on the rims. The pyroxene is low-2V augite,
occurring as variolitic clusters and individual euhedral
grains. Iddingsite and chlorophaeite aggregates are probably
pseudomorphs after olivine. Amygdules, 100 to 200
microns in diameter, are filled with devitrified very fine-
grained basalt, green spherulitic serpentine, or iddingsite. In
the groundmass, opaque minerals occur as oriented chains
of octahedra. Despite the alteration of the ground-mass and
olivine, the plagioclase and pyroxene are relatively fresh.
The glassiness of the basalt and the absence of evidence for
metasomatism and metamorphism of the overlying sedi-
ment suggest that it is extrusive.

GEOCHEMISTRY

Interstitial water samples and shipboard operations for
DSDP 160 are listed in Table 3.

TABLE 3

Interstitial Water Samples and Shipboard Observations, DSDP 160

Sampled Lab. Squeeze

Interval Eh  Temp. Salinity Pressure
Core Section  (cm) pH (mv) (O %) (psi)
1 2 0-9 7.31 170 25.7 34.7 508
2 4 0-9 7.39 168 25.8 34.1 1015
3 6 0-9 7.48 164 26.0 34.7 1015
B 5 0-9 748 167  26.0 35.2 1015
5 6 0-8 753 160 26.0 35.2 1015
6 5 0-9 745 163 25.9 35.2 1015
7 6 0-6 7.55 162 26.0 35.2 2030
8 2 0-7 7.49 167 26.1 35.2 2436
9 4 0-6 7.49 167 258 35.2 2436
10 6 0-5 7.50 164 26.3 35.2 2030
11 6 0-6 7.53 160  26.2 35.2 2436
12 6 0-6 7.47 159 26.3 35.2 1015

BIOSTRATIGRAPHY

A mid-Tertiary, early Oligocene to early Miocene,
section with some superficial Quaternary was recovered at
DSDP 160.

Foraminifera are absent from Cores 1 through 5 and
have undergone extensive dissolution throughout the
remainder of the section. Best preservation was found in
Cores 7 through 9 where, in addition to solution-resistant
forms such as Globorotalia opima, Catapsydrax spp., and
Globigerina prasaepis, other species such as Globigerina
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galairsi, G. gortanii, G. sellii, occur. Globorotalia opima is
especially abundant from the bottom of the section upward
through Core 7. Its dominance in the assemblages no doubt
results from its thick-walled, solution-resistant test. The
zones recognized include the Globigerina ampliapertura
Zone, Globorotalia opima Zone, and the Globigerina
ciperoensis Zone.

Nannofossils are absent from Cores 1 through 3, but are
abundant in the calcareous sediments of Cores 4 through
13. Preservation is moderate to poor. Deposition under
tropical conditions is indicated by an abundance of
Discoaster and Sphenolithus.

Radiolarians are present throughout the section except
for the lower part of Core 2 and the upper part of Core 3.
Their abundance increases with depth in the hole.

In Core 1, radiolarians are rare and poorly preserved. the
presence of Collosphaera tuberosa in Sections 1 and 2
indicates upper Pleistocene, and of Amphirhopalum ypsilon
in Section 3, middle Pleistocene, in the uppermost 5 meters
of the hole. Sections 3, 4, and 5 of Core 2 contain the
lower Miocene Calocycletta virginis Zone, which lies discon-
formably on the Upper Oligocene Lychocanoma bipes
Zone. Below 42 meters in the hole (in Section 4 of Core 5)
all the Oligocene zones down to and including the
Theocyrtis tuberosa Zone are present.

PHYSICAL PROPERTIES

Sediment disturbance was apparent throughout much of
the cored section. Consequently, the GRAPE data can be
only considered as an approximation. A number of subsam-
ples were collected for laboratory measurement of physical
properties from the least disturbed sections. Shear strength
measurements consist of a limited number of vane shear
and Swedish Fall Cone penetrometer tests made on
carefully selected intervals of the core.

Bulk Density

Although GRAPE bulk density (average values per
section) is highly variable throughout the stratigraphic
column, three general zones are delineated by these data.
Within the zone of zeolitic clay (0 to 27 meters), bulk
densities of less than 1.30 g/cc and as low as 1.23 gfcc,
predominate. Densities of 1.34 to 1.47 g/cc delineate the
nannofossil chalk ooze zone extending from 27 meters to
about 54 meters. A significant increase in bulk density with
depth from 1.56 to 1.71 g/cc occurs in the nannofossil
chalk ooze below 54 meters.

The lowest laboratory-measured bulk densities, 1.27 to
1.33 gfcc, are found in the upper 30 meters with an
increase from 1.40 to 1.51 gfcc from 30 to 53 meters.
Below this depth, the highest bulk densities, 1.61 to 1.85
g/cc, are found in the nannofossil chalk ooze. An excep-
tionally low density of 1.55 g/cc at a depth of 108 meters is
probably due to an abundance of Radiolaria in the chalk
00ze.

Porosity

GRAPE porosities of 75 to 87 per cent occur in the
upper 27 meters, but decrease to 74 to 82 per cent from 27
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to 54 meters. Lower porosities of 60 to 69 per cent are
found below 54 meters. Laboratory porosities of 82 to 89
per cent are characteristic of the upper 30 meters of zeolitic
clay whereas the upper chalk ooze displays values ranging
from 68 to 76 per cent in the interval of 30 to 53 meters.
Low laboratory porosities of 51 to 66 per cent occur in the
nannofossil chalk ooze below 53 meters.

Water Content

Water content is highly variable throughout the entire
section at DSDP 160. The highest water contents of 67 to
75 per cent are associated with the zeolitic clay. A decrease
in water content, with values ranging from 40 to 64 per
cent, is found in the transitional zone of nannofossil chalk
ooze (30 to 53 meters). Low values of 28 to 40 per cent
occur below 53 meters with the exception of a water
content of 42 per cent which corresponds to the interval of
low bulk density at 108 meters.

Grain Density

Grain density averages 2.72 g/cc for the entire sedi-
mentary sequence with values ranging from 2.58 to 2.84
g/cc. The lowest and highest values are found in the
nannofossil chalk ooze and zeolitic clay respectively. A
relative abundance of Radiolaria in the nannofossil chalk
ooze may account for the low average grain density
observed at a depth of 52 meters. The high density may be
due to the presence of ferromanganese micronodules which
were found in the zeolitic clay in close proximity to the
sample collected at a depth of 20 meters.

Sonic Velocity

Numerous sonic velocities were measured at selected
intervals and repeated in a number of cases in order to
determine the reproducibility and variability in the test
itself (see Physical Properties Evaluation, this volume). A
relatively high degree of velocity variation was observed
throughout the sedimentary sequence. Velocities average
1.48 km/sec and range from 1.40 to 1.53 km/sec. Overall,
velocities increased slightly with depth. Acoustic measure-
ments of the basalt was not possible due to insufficient
sample recovery.

Natural Gamma Radiation

Natural gamma radiation activity (average value per
section) was highest in the high porosity zeolitic clay which
correlates with a similar lithology and degree of activity at
DSDP 159. Below 30 meters, the activity was considerably
lower in the calcareous sediments than in the overlying
clay. This activity relationship with depth is similar to that
observed in the calcareous section at DSDP 159.

Shear Strength

Vane shear and Swedish Fall Cone penetrometer tests
were made on a limited number of selected sections owing
to the degree of -sample disturbance. Vane shear strengths
of 49 to 63 g/cm? and fall cone measurements averaging 91
g,?cm2 were found for the zeolitic clay at a depth of 3 to 4
meters. Fall cone measurements average 249 g/cm? in the
nannofossil chalk ooze at 38 meters and range from 245 to
346 g/cm? in the chalk ooze section from 74 to 81 meters.



A vane shear strength of 123 g/cm? was recorded in the
chalk ooze at a depth of 81 meters. The highest fall cone
values (328 and 767 g/cm?) occur in the nannofossil chalk
ooze at 83 and 107 meters respectively.

SUMMARY AND DISCUSSION

The single hole drilled at DSDP 160 penetrated 109
meters of pelagic sediment before entering basalt basement.
From 0 to 27 meters, the sediment is brown zeolitic clay
containing ferromanganese nodules and fine, ferruginous-
looking aggregates. Large manganese nodules in the interval
are probably due to caving from the surface. The brown
clay, like its equivalent in DSDP 159, is characterized by
high natural gamma activity compared to the underlying
ooze. It also has a high GRAPE porosity of over 80 per
cent. The clay sequence represents deposition during the
Quaternary, Pliocene, and most of the Miocene. Only the
upper 3 meters can be dated paleontologically with some
confidence, but if the sequence is assumed to be complete,
the sedimentation rate is about 1.5 m/m.y. yrs for the past
18 m.y.

From 27 to 108 meters, the sediment is a grayish orange
to very pale orange nannofossil chalk ooze, locally grading
to marl ooze. Radiolarians are present throughout, but
foraminifers are restricted to the interval 36 to 108 meters
and are poorly preserved. The sediment was apparently laid
down between the lysocline and the calcite compensation
depth, a conclusion supported by the low sedimentation
rate of 5 m/m.y. yrs from 18 to 34 m.y.

The absence of the Dictyococcites abisectus Subzone
points to a disconformity at about 43 meters (Oligocene-
Miocene boundary). Below this level, sedimentation appears
to have been continuous throughout the Oligocene. The
sediment becomes more indurated with depth and the
GRAPE porosity decreases from about 75 to 60 per cent
between 27 and 50 meters, but then remains fairly constant
to basement.

Just above basement, from 108 to 109 meters, the core
is severely disturbed with cavings from above and cuttings
from the underlying basalt, contaminating the dark brown
calcareous clay, rich in ferruginous micro-aggregates, that
represents the basal “amorphous iron-oxide” facies men-
tioned in the DSDP 159 summary (see also Cronan, this
vol., chapter 18).

Sonic velocities measured in the sedimentary section
show little variation. In general, they increase from about
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1.56 km/sec to 1.62 km/sec between 0 and 108 meters.
Since duplicate determinations show differences of as much
as 0.1 km/sec, fine detail is difficult to extract (cf. Chapter
12, this volume). The average measured velocity of 1.6
km/sec, uncorrected for temperature or pressure, is in
reasonable agreement with the value obtained from the
seismic profiler records.

Basement, encountered at 109 meters, is a fine-grained
extrusive basalt, containing labradorite and augite micro-
phenocrysts and magnetite grains in an altered groundmass
that was probably once glass.
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45 _L-L_J_-L orange grading down to very Globi :
[ -~ - pale orange, intensely mottled, 1anigerine
4 L. siliceous. ciperoensis Dorcadospyris
54 M= == ] W papilio
_I__L.J__L_ & Sphenolithus
(& S 5
63 M @ | Globorotalia | C1PEroensis
:-_'Li"' = opima opima
72 "“j:""i e Theocyrtis
I — .
-I—_I_—L_‘_ = i Sphenolithus annosa
81 :L__L_i_L | distentus
e | Globigerina
20 ..L.i.i_i %J ampliapertura
(]
# -'—_L-I—_i_ | 8 Sphenolithus 4,
= ; eocyrtis
oy =ty | Brown clay, ferruginous, 2 predistentus tubgrosa
108 ey = | calcareous. >
_________ = (=4
109 (1527 " 72 Basalt, fine grained, with & — A [ —
S P augite and labradorite ' \HET‘icopontcsphaera
L T.0. microphenocrysts. reticulata

Figure 5. DSDP 160, graphic hole summary. Vertical scale 1 cm =10 m (1:1000).
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SITE 160

PHYSICAL PROPERTIES
WET BULK DENSITY E
NATURAL GAMMA ~— GRAPE values T
X10 (g/cc) % (km/sec) o
2 3 4 5 1,0 1.5 2.0 .25 3,0 0 20 40 60 8 100 1.6 1.9 2.2 2.5 [a)
1 1 1 1 1 1 11 1 1 I 1 1 L1 1 1 1
2 R |
B » 13 -
1 ¥ T
' A ¢ L
] o am
| - 7 L
i & €
{ < -— g!" - |
v 1 £ ]
l b <
—50
! ;‘A = ]
| £ % F o @
' * i n |_
—*6 = s
ol = B
4 / w
i -~ [ ]
. i
£ 2 ‘U
-, — ® |
, = i &
] Q r .
& ]
. R ’ o0 —100
[ ‘4’3 ¢ %
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sITe: 160 HOLE: core: 1 Cored Interval: 0-9 m
AGE gl ® WICROFOSSIL PHYSICAL PROPERTIES
o alal Abund/Pres
ZONE - > za E el e BGRAPE values: laboratory values shown by triangles
v = o g5 sl El=
wl =2l S |sjnnjwnm | =
e | g|le |2 3 E‘j : i ae NATURAL GAMMA WET BULK DENSITY®
wls £ o = 2|38 DESCRIPTION % CaC (Counts/7.6 cm/1.5 min.) {afce) CHVE PORISTIY W{f'ﬁgm
o|Z| =l wjuw]l — = E& 50 3 100 110 1.0 1.5 20 2.5 3.0 50 100
o f=inc] m [oh Lo b sad Ol I el I LLair
= =
4 | vero 5 E
7 Zeolitic clay, moderate brown (5YR 3/4) with
N small dusky brown streaks (5YR 2/2) and grayish d‘
g y . | orange mottles (10YR 7/4). Radiolaria common Rfp
% 1= * RIM
£ .3
.5 i Diatoms present
%* 7 1 3 cm manganese nodule [}
uzJ =| 24 | 2 2 cm manganese nodules
& x
& SH [ Same, moderate brown, alternate (SYR 3/4) and
= ‘ | 4 I (5YR 4/4) with bands of moderate yellowish
) o : brown (10YR 5/4)
o ]
& ] Hofe il
L 3 | 1.5
] I Zeolitic clay, moderate brown (5YR 3/4) with N '
g J | grayish orange mottles (10YR 7/4) and dusk
?E = | brown streaks (5YR 2/2) throughout. Radiclaria
5 ] | abundant
- | -
e e L, | 1.5
4- | C*Md s
. | '
R
cc i —|-R4p

0

091 LIS



sITe: 160 HOLE: CORE: 2 Cored Interval: 9-18 m

AGE ® @ WICROFOSSIL PHYSI CAL PROPERTIES
5 2 Abund/Pres
ZONE | = > | 8|88l £l o 3GRAPE values: Taboratory values shown by triangles
“n = o |el=ls HRE
i sl S |g2° 5|52
e gl Ll|=| o ; Blo Ll HATURAL GAMMA MET BULK DENSITY® GRAPE POROSITY
4 \5lel<lES E (B8 DESCRIPTION X Cac0s (Counts/7.6 1.5 win.) (a/ee : sonie wecary
ol'-‘.gl-uw Z |2 E= . o 1.0 1,5 2.0 2.5 1310 50 00 1.4 8
L|Zjx| 8] — [Bwve sl oL 190 PO i R AR [ D L
11 vomo m L]
] 2 Nodules, approximately 4 cm diameter 9
E 1 Nodule, approximately 2 cm diameter
b Zeolitic clay, moderate brown (5YR 3/4)
] *
1=
E R|Pd|
] * Mottling in grayish orange (10YR 7/4)
] Zeolitic clay with diffuse streaks and minor &
E mottles in grayish orange (10YR 7/4) and dusky
2 = brown (5YR 2!2{
1 2 W i
- *
3 Same, with flow in structures, streaks and minor
2 mottles
- . Sparse radiolarian fragments
E * ~|-{F|p
-1 *
UG
] Zeolitic clay, mixed moderate brown (5YR 3/4) and
2 *| grayish orange (10YR 7/4). Micronodules common
57
- Same, moderate brown (5YR 3/4) with mottles in
m (10YR 7/4)
6 —{r|pd
9 Zeolitic clay, moderate brown (5YR 3/4),
51‘ i micronodules common h
*
7
CcC »| | Zeolitic clay with micronodules -lF|?

SLT

091 ALIS
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sITE: 160 HoLE: CORE: 3 Cored Interval: 18-27 m
AGE E @ ran},CR%F/[:,SSIL PHYSICAL PROPERTIES
= und/Pres
ZONE % > 8 E =] *GAAPE values; laboratory values shown by triangles
w1 = Q |E=]m s Elg
e} =|=Z © |mwn|an st I —
= | gle xS 3 i 22 = NATURAL GAMMA WET BULK DEMSITY®
= = |= =1 GRAPE POROSITY
& |8 S8 59 = = g % DESCRIPTION % CaCo, (Counts/7.6 an/1.5 min.) lafce) - sm::.ﬁ:‘ngm
© Sl a H = Slvla 50 100 o 1.0 1.5 2.0 25 3.0 50 100
s Y e A T R VA L1yl
p voID
—_ * —~{R|M
b Two, 2.5 cm diameter nodules
- *
1 Zeplitic clay with micronodules and aggregates
7 of yellow brown isotropic globules, moderate
E #* |, | brown (SYR 3/4) with mottles in grayish crange RiPd|
e {(10YR 7/4)
] ®
2 ’ i
] Same, with radiolaria common and minor mottling
h * in dark yellowish brown
| 3: Zeolitic clay, micronodules and radiolaria common L
] *
4
‘ | ] Zeolitic clay, radiolaria present, moderate
] brown (5YR 3/4)
5
: *
Ll 3 E 1]
& e .
2 . A | |
o 5] 07 — Same, but with flow structures in dark yellowish
= 8 1 — orange (10YR 6/6) 4
% y —
ﬁ < -] — Subspherical isotropic brown aggregates
= 2l 1 =i
> 3] n
= g N I
] 1
U i
N | —|—|C |Pd
] i *
- | *
- * Zeolitic clay with micronodules and radiolaria W
8-
a common. Moderate brown (5YR 3/4)
] *
_: * Mottle (10YR 6/6) containing zeolitic clay with
3 quartz and rare euhedral zircon, 10-30 m
cc * |* | Zeolitic clay, discoasters present Fldr o




sITe: 160  HOLE: core: 4 Cored Interval: 27-36 m

MICROFOSSIL PHYSICAL PROPERTIES
Abund/Pres

"GRAPE values; laboratory values shown by triangles

ZONE

SERIES

.« Foram
Nanno
ad

WATURAL GAMMA WET BULK DENSITY® GRNE PORDSITY

(Counts/7.6 ca/1.5 min.} lafcc) £ smimlgm
3

10 Lo 1,5 20 25 3.0

DESCRIPTION x
100
L I - Lt L1

DEPTH (Meters)

SECTION

Disturbance
Paleo. sample

Foram
Nanno

Rad
LITHOLOGY
Smear Slide
g

LOWER MIOCENE

=
=]
=1
o
=
-
a.

Nannofossil chalk coze, grayish orange (10YR 7/4). AWA
Discoasters very abundant, radiolaria abundant,
« | % | micronodules common, diatoms and 1ight glass
prasent. Calcite spicules abundant

FF
}.
Gk

FE

iy

G

FFF
EEEEE
I

Same, (10YR 7/4) with disturbance structures in A
(10YR 5/4) and (10YR 8/6). Calcite spicules and
* | radiolaria common

FFFFFFFF

Same, disturbed with mixing of (10YR 7/4),
(10YR 5/4) and (10YR 8/6). Radiolaria common

}_
HASYYYYYY

F
R R E R R E R

TFFFFFFFFFFFFFFERFEFFFF

Nannofossil chalk ooze, as above (10YR 7/4)

Calocyeletta virginis

Triquetrorhabdulus carinatus

w
pana by Baav el sl aselo o s loo vl aslassslospatassalsgng

Mottle (10YR 5/4), radiolaria abundant, diatoms
present

(=]

Nannofossil chalk coze, grayish orange {10YR 7/4) F
| and pale yellowish orange (10YR 8/6).

| Micronodules and radiclaria common, sponge
spicules present. Disturbed

-4

poa bl iaaa e

i.
.+

F

-.i- -
i.
_I.I-

LLT
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HOLE: CORE: 5

Cored Interval: 36-45 m

SERIES

Foram
DEPTH (Meters)

Nanno

Rad

SECTION
Disturbance
Smear Slide
Paleo. sample

DESCRIPTION

MICROFOSSIL
Abund/Pres

5 Foram
nn
ad

CaC0;
15011; ] 00

NATURAL GAMMA WET BULK DENSITY?
(Counts/7.6 on/1.5 min.) (g/ GRAPE P:flﬂﬂﬁl‘l'\'
3

PHYSICAL PROPERTIES

“GRAPE values; Taboratory values shown by triangles

SONIC VELOCITY
(lm/sec)

=

2.5 3.0 50 10
| O I I I I |

:‘ g LITHOLOGY

|.

T

}.

N PEEEE FRWTE FTN U S TEE SN
FEEF
bk F
i

P
I

o4 PURP

HEFFEEE

F

FEFFFFFFFFFFF
L,

l_

i‘l_!*

I_

LOWER MIOCENE
A;
"

l.

Pk

BEEEE

kH

FFFFFFF

Triquetrorhabdulus carinatus

l_
ALy

hh

f_

i

W

+

Lyehnocanium bipes

!.

TGlobigerina ciperoensis

F

LE

AR AAAA AR AR AR R AR A AR

i.

A

I.
HEREREERE

|_

f_

AL

1
]

}.
HiEE e

AT T YRS FETE Y FREEE PR T T TN AR ST AR C S S|

UPPER OLI GOCENE
Hz

A

i

5. eipercensis

r
F
"l

(]
o

r_
[

Nannofossil chalk coze, predominantly grayish
orange (10YR 7/4) with patches of (10YR 5/4)

and (10YR 8/6)

Radiolaria and light glass present, micronodules

common

Same, (10YR 7/4) but with minor mottling in
pale yellowish orange (10YR 8/6).
Radiolaria and micronodules common

Streaks of (10YR 5/4) in (10YR 7/4)

Same (10YR 7/4)

Same, (10YR 7/4) with patches of very pale
orange (10YR B/2) to moderate yellow brown

(10YR 5/4)

Core catcher plastic caught in core

091 4LIS




sITe: 160 HoLE: CORE: 6 Cored Interval: 45-54 m

AGE -E 4 Tbcmg;gssu PHYSICAL PROPERTIES
- und/Pres
ZONE g G E § E E[ 2 SGRAPE values; laboratory values shown by triangles
v =l m
o = s 9 |Bw|» el
= 6| ®m|x
x | g| 8 ==l 2 |5l8le o2 NATURAL GAA WET BULK DENSTTY® ST
] = B e 1 O K DESCRIPTION ¥ CaCOs (comts/1.6 1.3 nin) (5cc) i il
S| ol I i L il 1.0 1.5 20 25 3.0 50 100
| Z || 8 |lvn] — |[eune C 50| 100
- aadieibiay ey e O | | | I O I
1 b
1 3 Nannofossil chalk coze, predominantly very pale [ ]
3 b= orange (10YR 8/2) to pale yellowish orange
= I._'l-..l..'l 10YR 8/6) with patches of grayish orange
& f bt Dt il M % 10YR 7/4) and moderate yellow brown (10YR 5/4).
1~ Radiolaria and micronodules common, diatoms
|-;| I._J_..I_j present AlP|AlG
i Sy *
. I...'I_.:_::
2 S
= | iy
1 L=
2] |
— *
Jopi]
1 ]
B
1 Pt
1 o] Same, radiolaria abundant
3:_1_ L £ Micronodules present
1 [
_“' Li.l..j * r
o
Ja3 o
|2 4__3:;_4-_. AlplAla
woe|d 2 1
e} 2lg|[w - L"_J—_I *
Q (5|88 T [d
b= I s
o |&|ea| T A ligerll
- |8 . 1 Same, but predominantly pale yellowish crange
3 |a § g e ) TR (10YR 8/6) with small patches of very pale
= |3 & 4 [ orange Em'm 8/2) and larger patches of grayish
P §= = .§ 5': L, orange (10YR 7/4) to moderate brown (10YR 5/4)
] s
o & - L:_Lj
] ]
q1 e
b4— o ; Same, but with fewer radiolaria
- o g
2 (] i i (!
] ,I_-_::-I-..j | q
-1 - _I__I |
15 l_i_l_ i
: L ..L.,_I || *
74 .
7] :.a__':_n | AlG
- *
1 =
~:—L_|__L__I |
i A Sl | Nannofossil marl ooze, very pale orange L
4 B (10YR 8/2) with scattered small diffuse dusky
8 L_L-L-l \ yellow brown patches and mottles in (10YR 2/2),
1. few radiolaria
16— |1
4
— Al et »
] St |
1 !
|
|
e T F lfa [

6LT
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siTe: 160 HOLE: CORE: 7 Cored Interval: 54-63 m
AGE E @ ’kllfuﬁ:%':/%srsgsl. PHYSICAL PROPERTIES
ZONE | & % § S| E| El & IGRAPE values: labaratory values shown by triangles
et =izl S |5[%|S G| E B
— S| ™
& |E o ElEl 2 15 ;m: g w | = NATURAL GAMMA WET BULK DENSITY® GHNPE POROSTTY e
g lclelglElG £ [BlEE DESCRIPTION X Cac0s (counts/ 7.6 G215 win.) (s/cc ; foned)
ElZ2|E| B[R] T [Bwa 50| 100 o 1,0 1.5 2.0 25 3 50 160
Y 1 | A | | | | AN EN NN
] 1 VoID
15 Ale
E - — ol n
4, 4= Nannofossil chalk coze, very pale orange
o 1 P (10YR 8/2), radiolaria common, forams and
- 4 L= micronodules present. 1.5
= S icronodules p t i
i ]
2] Eol | |-
g 7] ._'::J..'L Same, with white streaks and dusky yellowish
ﬁ 12 __L_l_"' brown patches (10YR 2/2) AlM
. ] -
2 o Fassal 1.8
@ S ] *
'g : ‘J'_‘_'I' 1
o E 4L ---Color change to mixed (10YR B/2) and 1.5
8| 3T (10YR 8/6)
4 o]
] - ---Color change back to very pale orange
- __|_'I__‘_ | (10YR 8/2)
1 ol | Micronodules and radiolaria common
B e Ny *
43y !
A e T almlclp
E § g 4‘: _]__L ! -
Lt M 2 N t -l—-‘- I -
S (B35 ] 4]
o £, 4 -+
o |3 2 a1 _L_L-L |
= 19 % i I e W W | Same, very pale orange (10YR 8/2) but with
3 |4 | 1 Fuotadl diffuse small dusky yellow brown mottles &
a |25 1 P! throughout (10YR 2/2). Micronodules more
e BB 1 M e P abundant in dark patches than in lighter
a =8 Ja[1Y | material
= -:% i o e W
- __I__I__L |
] __l_J__I. |
o s 1 -
e =, =11
6=, |
7 BBy | Nannofossil chalk ooze, some dusky mottles
] -l—J_-L | with micronodules present and radiolaria 1.5
o = sl * common, interspersed with lighter patches of .
§ 15 et lil% purer chalk ooze
420 a1l
: 7__ ..j:-i_: | .ﬁL
B 1 il
& 4 L1 * 1.5
§ _"_.i_l_"' Same, very pale orange (10YR 8/2)
e
1 b
§ 2 I Bl ;
8 E ".I__I_-I-
- L
- e
=
3 6 __I__‘_-L |
i ) i
4 ko Dark mottle, nannofossil chalk ooze, radiolaria
1 | present, micronodules common
70 N o e
1}
b Nannofossil chalk
cc ‘i"‘ - e annofossil chalk ooze elulalnlale

~3

-4

-6

Lg

09T 4LIS



HOLE: CORE: 8 Cored Interval: 63-72 m

]
=
m
ot
o
I=]

MICROFOSSIL PHYSICAL PROPERTIES
Abund/Pres

2ChAPE values; laboratory values shown by triangles

ZONE

SERIES

. Foram
Nanno
ad

NATURAL GAMMA WET BULK DENSITY" GANPE PORDSITY 3
(Counts/7.6 cm/1.5 min.) {g/ee) s WI(E-:E::O?I
0o 1.0 1.5 2.0 2.5 3.0

DESCRIPTION &
) ] A T | | | | I O

DEPTH (Meters)

SECTION
Paleo. sample

Foram
Nanno

Rad
Disturbance
Smear Sli

100

UPPER OLIGOCENE

Globarotalia opima

& LiTHoLOGY

Hs

2
u =
=

}.

Nannofossil chalk coze, very pale orange
(10YR B/2).
Radiolaria common

Fi

FEFFFFF
}.
Ay

Same, with forams, radiolaria and micronodules
present

rrbkﬁ#ﬁrr

w
||||I||||I;“|I1||1||n|||r|||i1111]||||!.|||||||||l||||I||||

-
FEELT

Same, with minor white mottling T

I.

EbbEEEEEEEEE bE

HEERF

FFEFFFT
I-
FEEE

Same, micronodules and forams present.

FFF

G

Radiolaria reduced in abundance

Theooyrtis annosa

Sphenolithus ciperoensie
EFbEEE

EEE
iyt

FFFFFFFFF
F

RS NN R
!_
Ayt

}.

FFFF

e |

0

b EEE
NN

i.
HhF
LEEF
N

[£:14
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HOLE: CORE: 9

Cored Interval:

AGE
ZONE

SERIES
DEPTH (Meters)

SECTION
Disturbance

Foram
Nanno
Rad
Smear Sli

Paleo, sample

DESCRIPTION

MICROFOSSIL
Abund/Pres

. Foram
2 & Nanno
S
£ ad
=]

PHYSICAL PROPERTIES

PGRAPE values; laboratory values shown by triangles

NATURAL GAMMA WET BULK DEMSITY"
{Counts/7.6 cm/1.5 min.) (g/ec)
wo’ 1.0 1.5 20 25 3.0
¢ U ) | | 1

GRAPE P’CM!SITI‘

50
I

SOMIC VELOCITY
(lm/sec)

FF
FFF LITHOLOGY
L

I_.
F
I..
b

'y

FFF
Fkﬁk

FF
e EEREREE
AN

0

FEH

|

(W5 )
FFFFFFFFFFFFEF

[
FFFFFF
'..
Y

Theosyrtis annosa

UPPER OLIGOCENE
Globorotalia opima
|.

1

Sphenolithus distentus

F

1
HERE

FFFEFFFF
}.

o

waaddeoaateaaatsa gl ey baon oo ebo sl o bangale e Pogaybagas oy enlaasy

}.
L L

FFFFFFF
FEFEFRE
bk EEEE

E
e e

EENl EENTE AR
FFFFFF
I.

FHEEREE

{ Bl 1l TR ol Ul T |

|_I‘

FF
i

cc

1

Nannofossil chalk ooze, very pale orange

(10YR 8/2). Whitish mottles throughout section.
Mottles contain fewer micronodules and
radiolaria than does the remainder of the core

Same, but with mottles increasing in concentra-
tion towards the base of the section. Mottles
have a diffuse dark outer margin

Same, but mottles rare in upper portion of
section becoming more abundant lTower down.
Micronodules and forams common, radiolaria
present

Same, but with fewer mottles

Same, radiolaria and micronodules common

F EM[A PciA M

1 Sphenolithus eiperoensis

-1

09T 4.LIS



s1TE: 160 HOLE: core: 10 Cored Interval: 81-90 m

AGE MICROFOSSIL PHYSICAL PROPERTIES

Abund/Pres

BSAAPE values; laboratory values shown by triangles

ZONE

SERIES

w Foram
Nanno
a

HATURAL GAMMA WET BULK DENSITY?
(Counts/7.6 cm/1.5 min.) lg/ce) SRAPE CopeITY smim:?‘:m

0 xo’ 1.0 1.5 20 25 3.0

DESCRIPTION
50 10
| ke o | 1 1 | I O Y

DEPTH (Meters)

Foram

Nanno

Rad

SECTION
LITHOLOGY
Disturbance
Smear Slide
Paleo. sample

UPPER OLIGOCENE

-
=1
=
o

‘_
b

Nannofossil chalk ooze, very pale orange
(10YR 8/2) radiolaria and micronodules common,
forams and light glass present Alm

Ty
"

[
FEEF
i

Increased degree of consolidation of sediment
evidenced by need to band saw all sections

after core 10, rather than wire cut as previously.
* White mottles with dark diffuse onto margin
persisting

'+

baovaabaves bowaabaa v lovialyaag

Ill
I_
I..

R
HhREE

nan
iy

Globorotalia opima
(W)

L
i

GG
hbkE

EENI TNENE RN
w
L

y
{;

}..

thus distentus
!_l'
L

i

b
i

Theooyrtis annosa

* Radiolaria reduced in abundance

Sphenol
EEEE
bkkkprkk

F
PF

LOWER OLIGOCENE
Globigerinag ampliapertura

€8T

1
FEE
HERE

I
{;

I.

L] l_l
HEE

l T
] -
= E R b PEL LR L

I.

Same, micronodules common, radiolaria present

kEE
5t

+
i

p
&

pon b oo besa oo be oo len g faraalyyualsiag
kE
E

FERF
k l—r I-r+

(]
o
bt
oS
:
=

-
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HOLE: comre: 11 Cored Interval: 90-99 m

v
—
o |
m
—_
o
o

AGE MICROFOSSIL PHYSICAL PROPERTIES

Abund/Pres

YGRAPE values; laboratory values shown by triangles

ZONE

SERIES

+ Foram

MATURAL GAMMA WET BULK DENSITY GRAPE POROSITY SONLC VELOCITY
CaC0y (Counts/7.6 ﬂ‘ﬂ.S min.) (g/ee) 1 (kmi'sec)

1o 1.0 1.5 20 25 3.0 50 100
Sl 1% | CARN i SR | 1 L 1 T I 1

DESCRIPTION

DEPTH (Meters)

SECTION
Paleo. sample

Foram
Nanno

Rad
LITHOLOGY
Disturbance
Smear Slide

LOWER OLI GOCENE

Globigerina ampliapertura

=
HE

Nannofossil chalk coze, very pale orange
(10YR 8/2). Sparse

- White mottles, forams common, radiolaria and
micronodules present

Well consolidated

b

A

L

Theocyrtis annosa
~
b hE

]
T

pa il o ie b el e oy tevaulievilovielovoalravalosuelssig

* Same, whitish mottles at 20, 42, 121, 130 cm

with smaller diffuse whitish patches throughout.
Radiolaria and micronodules common, forams i
present

FEF
hhRRE

}.

1
FFF
HERRE

FFFFFFFFFFFFFFF

Same, minor mottles throughout, forams and
radiolaria present L]

FEEE

HH

Sphenclithue predistentus

bt

'

(=43

FEE
hEEF

I.

Theooyrtis tubercea

Radiolaria present in small concentrations

R

-

T
17 FEFFEFFFEEFEFEFEEF
AL .tk

W=

I.

132, 138 and 151 cm. Radiolaria and forams
present, micronodules common

i

oo

paa il ss e b a o loavale sl

FFFFEFFEF

Same with whitish mottles at 40, 91, 125, 130, %

FE
HE

FEF
e

I.

091 JLIS

(LY

[_
{2l

8
[_
&




sITE: 160 HOLE: CORE: 12 Cored Interval: 99-108 m

MICROFOSSIL PHYSICAL PROPERTIES
Abund/Pres

“GRAAPE values: Taboratory values shown by triangles

ZONE

SERIES

- Foram
Nanno
ad

NATURAL GAMAA WET BULK DENSITY"
(Counts/7.6 /1.5 min.} {a/ee) EMEE FORSITY sonjc veLocrry

o’ 1,0 1.5 20 2.5 3.0 50 100
Loy 1 1 | 1 T O

DESCRIPTION

DEPTH (Meters)

SECTION
Paleo. sample

Foram
Nanno

Rad

Smear Slide
=

=]

UPPER OLIGOCENE

Globigerina ampliapertura
Sphenolithus predistentus

¢8¢C

H LiTHoLoGY

]
hERHEE

Nannofossil chalk ooze, grayish yellow (2.5Y 8/3) D
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