5. SITE 158

The Shipboard Scientific Party’

SYNOPSIS

Area: Cocos Ridge, eastern equatorial Pacific
Date Occupied: 18-20 February, 1971

Position:
Lat. 06°37.36'N
Long. 85°14.16'W

Water Depth: 1953 meters (corrected)
Penetration: 323 meters

Number of Holes: 1

Number of Cores: 36

Core Recovery: 249.9 meters

Acoustic Basement:
Depth: 0.37 second
Nature: Chert
Inferred acoustic velocity for sedimentary section: 1649
m/sec

Age of Oldest Sediment: Middle Miocene
Basement: Basalt

Three sedimentary units can be distinguished above
basalt: 0-30 meters — Marly calcareous ooze containing
abundant microfossils, terrigenous detritus and volcanic
ash.

Age: Quaternary.

30-305 meters — Chalk ooze grading to chalk over the
interval 135 to 171 meters. Foraminifers grade from
abundant at the top to sparse at the bottom; diatoms are
abundant in the late Miocene interval 207 to 243 meters.
Volcanic ash is present. This unit is separated from the
overlying one by a hiatus covering most of the late
Pliocene.

Age: Early Pliocene to middle Miocene.

305-323 meters — Chalk with nodules and irregular masses
of chert.
Age: Middle Miocene.

323 meters — Extrusive basalt.

The sedimentation rate for the upper unit is probably
close to 40 m/m.y. There is a hiatus of about 1.4 m.y.
above the chalk ooze and chalk section where the rate
decreases from about 50 m/m.y. in the middle Miocene to
about 20 m/m.y. in the upper chalk oozes.

l'I'jeerd H. van Andel and G. Ross Heath, Oregon State
University, Corvallis, Oregon; Richard H. Bennett,N.O,A.A., Miami,
Florida; David Bukry, U. 8. Geological Survey, La Jolla, California;
Santiago Charleston, Instituto Mexicano del Petroleo, Mexico City;
David S. Cronan, University of Ottawa, Ottawa, Canada; Menno G.
Dinkelman, Oregon State University, Corvallis, Oregon; Ansis
Kaneps, Scripps Institution of Oceanography, La Jolla, California;
Kelvin 8. Rodolfo, University of Illinois, Chicago, Illinois; Robert §.
Yeats, Ohio University, Athens, Ohio.

REGIONAL SETTING AND OBJECTIVES

DSDP 158 is located on the Cocos Ridge at the western
edge of the Panama Basin (Figure 1). The Panama Basin is
bordered on the north and east by the continental margin
of eastern Central America and northern South America,
and on the south and west by the Carnegie and Cocos
ridges. These ridges enclose a central basin which contains
the active east-west trending Galapagos Rift Zone and is
crossed by several north-south trending fracture zones. As is
shown in Chapter 2 (see also van Andel et al., 1971), the
acoustic character of the basement and sediment cover of
the ridges and some high blocks in the eastern part of the
basin is similar. Based in part upon this similarity, van
Andel et al. (1971) have suggested that all high blocks
originally formed part of a single, east-west trending
ancestral Carnegie Ridge located approximately at the
latitude of the present one. This ridge was split by the
formation of the Galapagos Rift Zone, which started in the
east and proceeded westward in a stepwise fashion, affect-
ing the block west of the Coiba Fracture Zone approxi-
mately 10 m.y. ago. The southern half of the split ridge
remained stationary, whereas successive northern blocks
migrated northward until, one by one, they reached and
sealed the eastern extension of the Middle Americas
Trench. The most recent block to do so is the portion of
the Cocos Ridge between the Coiba and 85° fracture zones.

Three sites in the Panama Basin (one each on the Coiba,
Carnegie, and Cocos ridges) were selected by the Pacific
Site Selection Panel to test this hypothesis through a
comparison of the sedimentary sections and basement ages
of the three ridges. In addition, the sites were chosen to
determine the late Cenozoic biostratigraphy of the eastern
equatorial Pacific in locations shallow enough to insure
preservation of calcareous microfossils. DSDP 158 might
shed more light on earlier findings of the Deep Sea Drilling
Project which indicated Caribbean rather than Pacific
affinities in part of the late Tertiary microfauna.

TOPOGRAPHIC AND GEOLOGIC SETTING

The Cocos Ridge is divided into a series of en echelon
blocks by north-south and east-west trending faults which
are located progressively farther north in an eastward
direction. This displacement appears to have taken place
along a series of fracture zones. DSDP 158 lies in the block
just west of the 85° Fracture Zone.

The site lies on the crest of the Cocos Ridge. Initial
uplift of this ridge as part of the ancestral Carnegie Ridge
may have produced the east-west trending faults that are
similar to those that border the Carnegie Ridge. The
pronounced north-south fault system extends the fracture
zones of the Galapagos Rift Zone. The site is located just
south of the northern boundary fault of its segment.
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Figure 1. Tectonic map of the Panama Basin (after van Andel et al., 1971 ) with locations of drill sites. Numbered contours
are magnetic anomalies.

The small-scale structure of the crest and flanks of the but the offsets of the basin floors are small and the vertical
Cocos Ridge is quite complex (Figure 2). Numerous small separations of the younger deposits range only from 10 to
basins, bordered by the two principal fault systems and 50 meters. These separations indicate that the faults are still
perhaps a third which trends southwest-northeast, occupy active or have been active until quite recently. Since the
the crestal area. Available data suggest that these basins are acoustic basement is usually chert, the small offsets of the
small grabens bordered by clusters of normal faults with upper section may correspond locally to much larger
cumulative displacements of several hundred meters. They displacements below the acoustically opaque zone.
are separated by narrow, rather rugged basement ridges. A site survey of DSDP 158 was carried out in January
Superimposed on this block-faulted terrain are numerous 1971 during Cruise 28 of R/V Vema. A bathymetric chart
steep and quite high volcanic pinnacles which result from based on this and some other data is presented in Figure 3
point eruptions rather than flow from rifts. Cocos Island, and a sediment thickness map in Figure 4. A more complete
located southwest of the site, is a volcanic edifice of this discussion of the nature of the site area can be found in
type on the west flank of the ridge. Chapter 11.

Internally, the small basins are relatively uncomplicated Within the site basin, the upper part of the acoustic
and filled with a series of deposits which remains very section (Figure 5) is semitransparent and contains only a
constant in acoustic character across the entire ridge crestal small number of faint and discontinuous reflectors. This
area. Normal faults within the basin sediments are common semitransparent section overlies a highly stratified zone in
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Figure 2. Location of DSDP 158
on the Cocos Ridge. Depth con-
tours in uncorrected meters after
van Andel et al. (1971). Insert:
site approach track; A — 158 is
location of acoustic reflection

which the closely spaced reflectors become more prominent
with depth. This part of the section is similar to the
stratified sequence of the Carnegie Ridge and, in general, to
the deposits of the equatorial zone of high biological
productivity of the eastern equatorial Pacific (Ewing et al.,
1968). Similar stratified deposits from the lower part of the
section in the adjacent Guatemala Basin. Within the
stratified series of the site area, two zones can be
distinguished, each marked with a well-defined top
reflector. A similar sequence is found everywhere on the
Cocos Ridge. The site is thus typical for a large portion of
the Panama Basin.

Underneath the lowest stratified sediments, the acoustic
basement is relatively smooth and horizontal within the
basin, and is quite unlike the irregular basement reflector of
the surrounding ridges and peaks. This smooth acoustic
basement is present in all basins of the Cocos Ridge and its
flanks, and continues far into the Guatemala Basin to the
west. It resembles the acoustic basement of the Carnegie
Ridge.

The acoustic section is quite uniform within the survey
area, with only minor variations in the thickness of the
individual units. The deposits thin onto the surrounding
ridges, usually by progressive loss of the upper semitrans-
parent zone, implying that erosion after uplift is the cause.

profile of Figure 5.

Occasionally, onlap of only the upper layer onto basement
can be observed (Figure 5). The upper stratified zone is
somewhat less constant than the lower one and tends to
fade in and out of the records presumably as a result of
minor changes in acoustic impedance. It is, for example,
well defined on the approach track to the site but is not as
distinctly seen on the traverse across the beacon upon
departure (Figure 5), when the recorder gain was set low to
bring out the acoustic basement more sharply. Table I
presents a summary of acoustic data and a comparison with
the results obtained by drilling.

OPERATIONS

Because a site survey was available, the final location was
determined by a double pass across the site and the beacon
was set at 1100 hours on February 18. The site was cored
continuously using a Smith 10 3/8", 3-cone button bit. A
summary of coring operations at DSDP 158 is given in
Table 2. After completion, an attempt was made to obtain
sidewall cores from the Plio-Pleistocene boundary using a
new multiple corer. The attempt failed and the vessel
departed at 1800 hours on February 20.
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Figure 3. Bathymetric map of the site survey area around DSDP 158. Depths in uncorrected meters. Based on data from
R/V Vema cruise 28 (Lamont-Doherty Geological Observatory ), R/V Yaquina (Oregon State University ) and DV Glomar

Challenger.

LITHOLOGY

The section at DSDP 158 consists of chalk oozes grading
downward into chalks with basal chert beds. Basalt base-
ment was encountered 322 meters below the sea floor. The
following lithologic units can be distinguished: (1) nanno-
fossil chalk ooze with three subtypes (a) foraminiferal,
ashy, marly, (b) foraminiferal, and (c) pure; (2) nannofossil
chalk with two subtypes (a) pale yellow and olive gray, and
(b) grayish yellow green, well indurated; (3) nannofossil
chalk and interbedded chert, and (4) augite basalt.

158-1a

From 0 to 30 meters the section is foraminiferal, ashy
and marly nannofossil ooze with common radiolarians.
Diatoms are present to 23 meters. A 10-cm thick layer of
white angular volcanic glass, of silt to fine sand size, occurs
2 meters from the top. Silt-sized volcanic glass containing
pyrite occurs in an olive black bed 5 cm thick at 15 meters
and in a 2-cm thick light olive layer at 20 meters. Ashy
laminations several millimeters thick, and a few ash lumps
isolated by the drilling process are scattered throughout this
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unit. Small quantities of silt-sized, light-colored glass and,
less commonly, dark glass, palagonite, quartz, feldspar, and
some pyroxene, occur in smear slides from Unit 158-1a.
Dominant colors are dusky yellow green at the top grading
to lighter grayish to dusky yellow green and pale to grayish
olive. The uppermost 4 ¢cm are oxidized and yellowish to
light olive gray. Mottling in this interval is slight to moder-
ate, with grayish olive burrows up to 5 cm long which are
locally enriched in pyrite and foraminiferal tests. On fresh
surfaces, the sediment has a faint HS odor.

158-1b

Between 30 and 70 meters the sediments consist of
foraminiferal nannofossil ooze virtually free of quartz and
feldspar and with only small amounts of light and dark
glass. Silt-sized pyrite granules are ubiquitous in small
amounts and locally abundant in streaks. Foraminifers are
abundant and radiolarians common. Diatoms are absent in
the upper one-third but present in small amounts below.
Colors lighten downward from dusky to grayish yellow
green to pale yellow. Mottling is almost entirely absent. A
faint H,S odor is present.
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Figure 4. Sediment thickness in the site survey area around DSDP 158 (after Chapter 11, Figure 10), Sediment thickness in

meters assuming a velocity of 2 km/sec.

158-1c

From 72 to 135 meters the sediment is a nannofossil
chalk ooze containing small amounts of silt-sized feldspar
along with slightly more glass and palagonite than the
overlying section. At 102 meters, a 20 cm interval contains
I to 5 c¢cm burrows with abundant glass and associated
pyrite framboids. Silt-sized pyrite is scattered throughout
the section in small amounts. Residues of acid-treated
coarse fraction commonly contain glauconite molds of
foraminiferal tests. The abundance of foraminifers
decreases downward, accompanied by an increase in
diatoms which become abundant near the bottom of the
interval. The radiolarian content fluctuates with a maxi-
mum in the middle of the unit. At this point, silicoflagel-
lates make their first appearance and continue downward in
small amounts. The dominant color changes from pale
yellow green at the top to light to greenish gray and lesser
yellowish to light olive gray. Mottling increases and
becomes dominant in the lower part with burrows typically
up to I em wide and 4 to 6 cm long. H, S odor is noticeable
in the upper part but not near the bottom of the interval.

Gradational Transition

The interval from 135 to 171 meters is transitional
between nannofossil ooze and nannofossil chalk. The
increase in consolidation is reflected in a reduction of the
drilling rate despite increased rotation and weight. Cores
above the interval are easily cut with a wire; below, they
could be cut only with a bandsaw. Slight minima in the
foraminiferal and radiolarian contents and a light maximum
in the silicoflagellate abundance mark the transition zone.
Volcanic constituents, principally light-colored glass,
palagonite, and feldspar, are present in trace amounts. The
transition is also one of color from the dominant light
yellow green and light greenish gray of the ooze to the pale
yellow and light olive gray of the chalk.

158-2a

From 135 to 243 meters, the sediment is a nannofossil
chalk with an increasing number of burrows. The burrows
contain concentrations of pyrite and sometimes also greater
amounts of glass than the surrounding material. Silt-sized
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Figure 5. Acoustic reflection profile of DSDP 158. Loca-
tion on Figure 2. Depths in seconds 2-way travel time.
Horizontal scale approximate.

TABLE 1
Comparison of Acoustic Section and Drill Data, DSDP 158

Calculated?P

Depth? Interval Velocity  Depth
Reflectors (sec) Drilling Results? (sec) (m/sec) (m)
Top upper 0.10 (72 m Plioc- 77
stratified Mioc hiatus ?)
zone

Top lower 0.21 162 m top chalk 0.0-0.21 1540
stratified

zone
Top 0.37 305 m top chert 0.0-0.37 1650
acoustic
basement
(0.37) 321 m (top 0.0-0.37 17358
basalt)

AUnderlined —correlation accepted; ( )—correlation not accepted
(partly on grounds of smoothness and character of acoustic
basement).

bBased on a velocity of 1540 m/sec.

volcanic constituents and pyrite are disseminated through-
out the chalk in abundances similar to those of the chalk
ooze. Acid-treated coarse fractions show an increase in
glauconitic foraminiferal molds and irregular glauconite
particles which may be fecal pellets. Radiolarians and
foraminifers decrease irregularly with depth.

Gradational Transition

The interval from 243 to 287 meters forms a transition
between Units 158-2a and 158-2b. This transitional charac-
ter is somewhat enhanced by reduced core recovery.

158-2b

Between 287 and 305 meters the sediment is a well
indurated nannofossil chalk, distinctly harder than the
overlying chalk as a result of minor silicification. The chalk
is yellowish green and intensely mottled with light olive
gray burrows. Mottles and pyritic streaks in this interval are
not randomly oriented as elsewhere in the section but are
mainly subhorizontal and possibly somewhat compressed.
Feldspar and light-colored glass and pyrite remain scarce,
but dark glass, palagonite and glauconite increase distinctly
downward and are fairly common.
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TABLE 2
Coring Summary, DSDP 158
Depth Below | Depth Below
Sll::a Level Sga Floor Cored Recovered
Core (m) (m) (cm) (cm) (%)
1 1953-1962 09 900 295 32.8
2 1962-1971 9-18 900 485 53.9
3 1971-1980 18-27 900 924 102.7
4 1980-1989 27-36 900 566 62.9
5 1989-1998 3645 900 900 100.0
6 1998-2007 45-54 900 900 100.0
7 2007-2016 54-63 900 878 97.6
8 2016-2025 63-72 9200 855 95.0
9 2025-2034 72-81 900 890 98.9
10 2034-2043 81-90 900 821 91.2
11 2043-2052 90-99 900 906 100.7
12 2052-2061 99-108 900 895 99.4
13 2061-2070 108-117 900 866 96.2
14 2070-2079 117-126 900 894 99.3
15 2079-2088 126-135 900 919 102.1
16 2088-2097 135-144 900 912 101.3
17 2097-2106 144-153 900 924 102.7
18 2106-2115 153-162 900 875 97.2
19 2115-2124 162-171 900 926 102.9
20 2124-2133 171-180 900 918 102.0
21 2133-2142 180-189 900 730 81.1
22 2142-2151 189-198 900 800 88.9
23 2151-2160 198-207 9200 710 78.9
24 2160-2169 207-216 9200 355 394
25 2169-2178 216-225 900 753 83.7
26 2178-2187 225-234 900 883 98.1
27 2187-2196 234-243 200 881 97.9
28 2196-2205 243-252 900 901 100.0
29 2205-2214 252-261 900 288 320
30 2214-2223 261-270 900 895 994
31 2223-2232 270-279 900 111 12.3
32 2232-2240 279-287 800 511 63.9
33 2240-2249 287-296 900 253 28.1
34 2249-2258 296-305 900 110 12.2
35 2258-2267 305-314 900 0 0.0
36 2267-2276 314-323 900 62 6.9
158-3

From 305 to 322 meters the sediment consists of
nannofossil chalk with interbedded chert. The uppermost
chert was cored at 305 meters from this depth to basement,
short-period fluctuations in torque indicate the presence of
other chert beds not represented in the rather poor core
recovery. Approximately 40 cm of interbedded chert and
chalk were recovered immediately above basalt and consist
of 12 to 20 c¢m layers of chalk interbedded with 1 to 5 cm
of chert. At the top and bottom of the unit, the chalk is
identical to the overlying beds except for a greater
abundance of feldspar, palagonite, and glauconite, and the
nearly complete absence of glass. In a sample at 314 meters,
the rock is a siliceous limestone, thinly laminated and light
olive gray in color. There is no microscopic evidence for
recrystallization of the carbonate even close to the basalt.

Chert occurs in two forms, and is found in contact both
with the grayish yellow green chalks and with olive gray
limestone. The contact with the yellow green chalks is very
sharp and the chert consists of microcrystalline cristobalite,
pseudomorphic after nannofossil chalk. The chert contains
10 to 15 per cent calcite as rounded microcrystalline



aggregates averaging 150 microns in diameter and as crystals
up to 5 microns in size. Both the chert and the associated
chalk contain ovoid yellowish green microcrystalline aggre-
gates which possibly are chlorite-smectite with carbonate
admixture. Foraminiferal tests are common both in the
chalk and in the chert. In the chert, the tests are filled with
fibrous chalcedonic quartz, sometimes with small calcite
nuclei. The tests in the chalk are mostly empty, although a
few are filled with fine-grained carbonate or chalcedonic
quartz.

Silicification has progressed farther in the olive black
cherts in contact with the limestone. The olive black chert
is composed almost entirely of interlocking 10 to 20
micron grains of chalcedonic quartz; the larger grains occur
in stretched, ragged-ended lenticular aggregates suggesting
some control of recrystallization by laminations such as
those seen in the associated limestone which contains
isolated chalcedonic segregations with similar size, shape,
and orientation. The contact between the chalcedonic chert
and the limestone is a zone of isotropic cristobalite ranging
in width from 500 to 700 microns. Both the limestone and
the chert contain small amounts of fine, disseminated
pyrite, and some pyrite framboids and foraminiferal test
fillings up to 30 microns. Small amounts of yellowish clay
are disseminated throughout the limestone and chert.

158-4

The basement, at 322 meters, consists of a fine-grained
augite basalt containing augite grains which are anhedral
with respect to labradorite laths which are normally zoned.
The groundmass appears once to have been glassy but has
been completely devitrified to spherulitic chlorite which
also fills round and ovoid amygdules up to 1.5 cm in
diameter. The texture of the basalt, the complete absence
of metasomatic and metamorphic features in the overlying
sediments, and the downward increasing concentration of
detrital feldspar in these sediments all suggest an extrusive
origin for the basalt. Only one meter of basalt was cored, of
which a few centimeters were recovered in a single section
and in the core catcher of core 36. A drastic reduction in
the drilling rate at a depth of 322 meters is interpreted as
the sediment-basalt contact.

GEOCHEMISTRY

Interstitial water samples and shipboard observations for
DSDP 158 are listed in Table 3.

BIOSTRATIGRAPHY

Foraminifera, coccoliths, and radiolarians indicate the
presence of a nearly complete middle Miocene to Pleisto-
cene section at DSDP 158. The uppermost Pleistocene is
missing, as evidenced by the absence of the Buccinosphaera
invaginata radiolarian zone, and a hiatus at approximately
30 meters has removed a portion of the upper Pliocene (the
uppermost part of the Globorotalia limbata Zone is
superimposed on the lower part of the Globoquadrina
altispira Zone).

Foraminifera are generally well-preserved throughout
but are not abundant, averaging not more than a few per
cent by weight. A zone of carbonate dissolution occurs in
Cores 24 through 27; as at Site DSDP 155, this zone

SITE 158

TABLE 3
Interstitial Water Samples and Shipboard Observations, DSDP 158
Sampled Lab. Squeeze
Interval Eh  Temp. Salinity Pressure

Core Section (em) pH (mv) (C) (%) (psi)
1 3 0-9 7.51 93 25.4 347 1523
2 5 0-8 739 92 243 34.7 1015
3 6 0-8 7.46 147 25.8 34.7 1523
4 4 0-6 7.37 166 24.7 34.1 1015
5 3 0-7 7.22 105 249 34.7 2436
6 4 0-6 722 92 248 34.1 1015
7 5 0-9 7.18 -32  24.8 34.7 2436
8 5 0-8 7.21 -2 249 347 2436
9 6 0-6 7.18 2 24.1 34.1 1015
10 6 0-6 717 38 253 34.1 1523
11 c 0-5 7.26 115 25.8 34.1 1015
12 5 0-6 7.23 129 25.8 34.1 2030
13 5 0-5 7.15 116 25.2 34.1 1523
14 5 0-6 7.18 80 26.0 34.7 1015
15 4 0-8 7.20 88 243 34.7 2436
16 6 0-6 7.19 128 24.2 34.1 1523
17 6 0-8 7.26 131 24.0 34.1 2436
18 6 0-5 7.19 140 238 347 1523
19 6 0-5 7.12 140 253 34.1 2436
20 6 0-5 7.19 136 25.2 34.1 1523
21 5 0-6 7.18 122 25.1 34.1 1523
22 6 0-5 7.34 144 26.0 34.7 1523
23 5 0-5 7.31 129 258 34.1 1523
24 3 0-5 7.30 120 25.7 34.1 2436
25 6 0-5 7.18 133  25.8 34.1 1523
26 0 20-25 7.22 136 25.8 34.1 1015
27 6 0-6 7.26 142 256 34.1 1523
28 5 0-3 7.13 90 26.0 33.0 2030
29 3 0-4 7.23 128 258 34.1 1523
30 6 0-7 7.16 130 25.6 34.1 2030
32 4 0-6 7.22 140 255 34.1 1523
33 2 0-5 7.09 126 25.7 34.1 1523

straddles the Globorotalia menardii/G. acostaensis zonal
boundary. The hole bottoms in the Globorotalia fohsi
robusta zone of middle Miocene age.

Nannofossils show superior preservation as compared to
Site DSDP 157, and the presence of Ceratolithus rugosus,
Discoaster perplexus, Scyphosphaera globulata, Thoraco-
sphaera sp., and common discoasters in the lower Pliocene
indicate well-preserved, warm-water associations. Diversity
is poorer in the upper Miocene. The middle Miocene
assemblages are well-preserved at the top, but deteriorate
noticeably downward.

Middle Miocene to Pleistocene radiolarians are present
throughout and moderately well-preserved except in Cores
1 through 4, in which preservation is poor, and where
reworked upper Miocene and lower Pliocene taxa occa-
sionally dominate the fauna. Radiolarian biostratigraphy
also recognizes the hiatus at 30 meters (between Sections 2
and 3 of Core 4), where the Anthocyrtidium angulare Zone
directly overlies the Spongaster pentas Zone, with most or
all of the Prerocanium prismatium Zone missing. This
hiatus also marks the separation between well and poorly
preserved radiolarian faunas.

The section at DSDP 158 bottoms in the Globorotalia
fohsi robusta, Discoaster exilis, and Cannartus laticonus
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zones. Foraminifera and nannofossils both indicate deposi-
tion of this section at warmer-water conditions than at Site
DSDP 157.

PHYSICAL PROPERTIES

As a result of core disturbance at several levels, mass
physical properties determined by laboratory techniques
reflect changes of lithology with depth more reliably than
do the GRAPE data. Extreme disturbance between 65 and
95 meters forced elimination of both GRAPE and labora-
tory analysis in that interval, and GRAPE data were not
obtained between 216 and 243 meters for the same reason.
Natural gamma radiation were not obtained in either
interval.

Bulk Density

GRAPE bulk density values increase markedly with
depth in the upper 36 meters of marly foraminiferal
nannofossil chalk ooze from 1.36 g/cc to 1.52 g/cc (average
value is 1.5 gfcc). Below the disconformity in Core 4, bulk
densities average 1.62 g/cc to a depth of 296 meters.
Between 36 and 171 meters, the predominant sediment
type is a nannofossil chalk ooze that grades into nannofossil
chalk between 135 and 171 meters. The general homo-
geneity of the chalk ooze corresponds to rather uniform
GRAPE densities.

The highest GRAPE densities, up to 1.77 gfcc, occur in
the nannofossil chalk below 171 meters to about 190
meters, but densities again decrease below 190 meters
where they average 1.62 g/cc. This absence of a gradual
increase in bulk density with depth, which would normally
be expected as a result of increasing consolidation, is
probably due to extreme disturbance masking variations
that may originally have been present. This disturbance, in
the absence of megascopic primary structures in the
homogeneous chalk ooze and chalk, cannot be easily
evaluated.

The numerous 10 to 15 g subsamples collected in the
least disturbed areas indicate significant variations in the
mass physical properties with depth. Laboratory bulk
densities show a sharp increase with depth in the upper 65
meters from a low of 1.31 gf/ce to a high of 1.65 g/cc.
Values of 1.60 to 1.64 g/cc are common in the nannofossil
chalk ooze between 60 and 135 meters. A relatively high
variability in bulk density, 1.44 to 1.65 g/cc, occurs in the
chalk ooze-chalk transition in the interval of 135 to 170
meters. The highest bulk densities, 1.68 g/cc, occur in the
nannofossil chalk between 170 to 185 meters, while
between 185 and 200 meters, they are again lower
(1.51—-1.59 g/cc). A very low value of 1.31 g/cc at a depth
of 208 meters may be due to the abundance of Radiolaria.
The abundance of Radiolaria in the nannofossil chalk is
probably a contributing factor to the lower bulk densities
in contrast to the slightly higher bulk densities character-
istic of the overlying chalk ooze.

Porosity

GRAPE porosities decrease with depth in the upper 36
meters from 77 per cent to 68 per cent. Lower porosities,
averaging 63 per cent, occur in the nannofossil chalk ooze
and chalk between 36 and 296 meters, except for some-
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what lower values of 54 to 60 per cent in the interval
between 171 and 190 meters, which correspond to the high
bulk densities of this interval. With depth, GRAPE
porosities decrease in the foraminiferal nannofossil chalk
ooze and indurated chalk and increase in the transition
from nannofossil chalk ooze to chalk.

Laboratory porosities vary with depth in the upper 65
meters where they decrease from 80 to 63 per cent. The
highest porosities occur in the upper ooze. Between 65 and
95 meters there are no data, while from 95 to 135 meters
the porosity is relatively constant at 62 per cent. In the
chalk ooze to chalk transition, values as high as 72 per cent
are found together with low bulk densities. In the nanno-
fossil chalk below 170 meters the porosity increases with
depth, to decrease again slightly in the indurated chalk
below 250 meters. Only a minor variation to 66 to 64 per
cent occurs in the indurated chalk in marked contrast with
the high variability in the overlying chalk and chalk ooze to
chalk transition between 135 and 210 meters.

Water Content

In the marly foraminiferal chalk ooze the water content
is quite high, decreasing from 62 per cent at 9 meters to 38
per cent at 63 meters. In the lower chalk ooze the water
content decreases slowly with depth, then increases again
with high variability in the chalk ooze to chalk transition
between 135 and 170 meters. The lowest values, 35 to 37
per cent, occur in the upper chalk, but the water content
increases again with depth to 58 per cent at 208 meters,
corresponding to low bulk density and low grain density at
this depth. In the indurated chalk, water content decreases
slightly with depth from 43 to 38 per cent.

Grain Density

Throughout the lithologic sequence the average grain
density is quite variable in response to changing concentra-
tions of microfossils, volcanic ash and perhaps pyrite.
Volcanic ash and opaline biogenous silica are almost surely
significant factors in many of the observed low grain
density values. The foraminiferal nannofossil chalk ooze is
characterized by the highest grain density, averaging 2.68
g/cc with a range of 2.59 to 2.81 g/cc. Densities in the
lower chalk ooze average 2.67 g/cc to a depth of 135
meters. In the chalk ooze and chalk between 135 and 210
meters, the grain density is highly variable, averaging 2.62
g/cc, with a range of 2.28 to 2.72 g/cc. The low value of
2.28 g/cc occurs at 208 meters; throughout the sequence,
higher values are more common. In the indurated chalk,
grain densities average 2.61 g/cc, with a range of 2.46 to
2.68 gfcc.

Sonic Velocity

Sonic velocities were measured in numerous sections of
Cores 1 through 33. One measurement was made on basalt
from Core 36 at 315 meters. Velocities range from 1.39
km/sec to 1.56 km/sec and average 1.46 km/sec for the
entire sedimentary sequence. Basalt measured at 3.61
km/sec, considerably lower than the basalt velocity from
Site DSDP 152 and slightly lower than the sonic velocities
at DSDP-155. The values are not corrected for temperature
and pressure.



Natural Gamma Radiation

Natural gamma radiation, shown as the average per
section of 1.5 meters, indicates the presence of radionuclide
concentrations in the upper 36 meters which are substan-
tially higher than elsewhere in the core, notwithstanding
the high porosity. The shift from high to low concentration
occurs above the stratigraphic disconformity in Core 4 and
may indicate a change in depositional environment. High
percentages of terrigenous material present in the upper 36
meters may account for the high natural radiation. With
depth, the radiation shows a slight decrease.

Shear Strength

Vane shear strength was measured in the upper 175
meters of nannofossil chalk ooze and in the chalk ooze to
chalk transition using samples from core catcher and sleeve.
Values range from 18 g/cm? in the chalk ooze at 9 meters
to 738 gfem2 at 162 meters in the transition zone. Shear
strengths of 64 g/em2 to 162 g/cm2 are found in the
nannofossil chalk ooze between 36 and 135 meters. High
values of 254 to 735 g/cm2 occur in the transition from
chalk ooze to chalk. In the upper chalk between 170 and
175 meters, shear strengths are 259 and 320 g/cm?2.
Glauconite and pyrite occur in the sediment with the
highest shear strength value of 738 g/cm?2, so that incipient
cementation might be a contributing factor.

SUMMARY

The single hole drilled at DSDP 158 penetrated 322
meters of calcareous pelagic sediment before entering basalt
basement.

From 0 to about 30 meters, the sediment is a marly
calcareous ooze rich in nannofossils and foraminifers of
Quaternary age. Terrigenous detritus is prominent through-
out, and volcanic ash, both dispersed and forming three
well defined beds, is common. Siliceous microfossils are
common, but diatoms are notably less abundant than at
DSDP 157. This section is distinctly more radioactive than
the underlying units, with natural gamma activity in the
range of 12 to 1500 counts/75 sec/7.6 cm (in contrast to
600-1000 counts for deeper sediments). GRAPE porosities
exceed 70 per cent. The sedimentation rate for this section
is undefined owing to lack of dated horizons. It probably
exceeds 20 m/106 yrs.

The base of the top unit is marked by a hiatus covering
most of the late Pliocene.

The lithologic character of the section from 30 to 305
meters lacks abrupt changes. The sediment is chalk ooze

SITE 158

grading to chalk over the interval 135 to 171 meters.
Foraminifera are abundant at the top of the section, but
decrease downward. Nannofossils are dominant throughout.
Radiolaria and diatoms are of variable abundance. Diatoms
in particular are most abundant in the upper Miocene
interval of 207 to 243 meters (apparently reflecting an
influx of cold water to the region) but are rare elsewhere.
The diatom-rich section is marked by poorly preserved
calcareous microfossil assemblages of low diversity.
Volcanic ash is present in most of the chalk ooze and chalk
samples, but is much less abundant than it is above the
hiatus. All sediments above 305 meters are pyritic.

The GRAPE porosity of the sediments below 30 meters
decreases from about 70 per cent at the top to 54 per cent
at 187 meters. Deeper values are variable from 60 to 70 per
cent, and may be suspect due to disturbance of the cores.
Measured acoustic velocities above 305 meters average 1.57
km/sec, in good agreement with the value of 1.65 km/sec
calculated from the seismic profiler records. The sedimenta-
tion rate in the chalk ooze-chalk section (uncorrected for
compaction) decreases from about 40 m/m.y. in the Middle
Miocene to about 22 m/m.y. in the Pliocene.

Below 305 meters, the chalk contains irregular masses of
cristobalite and chalcedonic quartz chert. These masses do
not exceed a centimeter or two in thickness, and probably
form less than 5 per cent of the sediment section from
305 to 322 meters. This chert-chalk sequence is correlated
with the smooth reverberating acoustic basement of the
seismic profiler records.

Volcanic basement at DSDP 158 consists of fine-grained
augite basalt. Only a few centimeters of this material were
recovered. The rock consists of labradorite laths and
interstitial augite in a groundmass of spherulitic ?chlorite
(probably altered glass). As with the other Panama Basin
sites, the lack of evidence for metasomatism and metamor-
phism of the overlying sediments, and the texture of the
basalt point to an extrusive rather than intrusive origin for
the volcanic basement.
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SITE 158

BIOSTRATIGRAPHY

CORES LITHOLOGY
FORAMINIFERA | NANNOFOSSILS| RADIOLARIA

DEPTH(m)

No./Depth
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grading down to olives, mod-
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Figure 6. DSDP 158, graphic hole summary. Vertical scale 1 em =10 m (1:1000).
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SITE 158

£ O u BIOSTRATIGRAPHY
T | CORES LITHOLOGY 0w
m & 5| FORAMINIFERA | NANNOFOSSILS| RADIOLARIA
0O |MNo./Depth [T, ]
23 ] Nannofossil chalk, pale yellow | S| | Discoaster
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Figure 6. (Continued).
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Cored Interval: 0-9 m
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SECTION

LITHOLOGY
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light aglass

Volcanic glass; light, some admixed quartz,
pyrite.
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3-4 mm marly lamina with quartz, feldspar.
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yellow green.

obscure mottles enriched in foraminifera

1 cm. diameter lumps of white ash

Glassy marly chalk ooze, grayish olive;
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Nannofossil foraminiferal chalk ocoze, with glass
and pyrite fromboids and foram casts. Light
glass, quartz and feldspar present.

s1Te: 158 HOLE: CORE: 2 Cored Interval: 9-18 m
AGE = MICROFOSSIL PHYSICAL PROPERTIES
5 @ Abund/Pres
ZONE 5 - |38 E' £ o YGRAPE values; laboratory values shown by triangles
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SITE: 158 HOLE: CORE: 3 Cored Interval: 18-27 m
AGE "E i T&E&Ffpﬁ[; PHYSICAL PROPERTIES
ZONE % 5 § § E' El o YGRAPE values; laboratory values shown by triangles
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] | probably mottied to low degree; locally rich
|- | in pyritic volcanic ash as indicated; frequent
] | olive gray pyritic streaks. Radiolaria
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S1TE: 158 HOLE : core: 4 Cored Interval: 27-36 m
= MICROFOSSIL PHYSICAL PROPERTIES
AGE g « Q. Abund/Pres . tory values show by triangles
ZONﬁ = > 3 = E‘ E E 'GRAPE values: laboratory velues
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siTE: 158 HOLE: CORE: 5 Cored Interval: 36-45m
AGE 2 © HICROFOSSTL PHYSICAL PROPERTIES
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s1TE: 158 HOLE: CORE: 6 Cored Interval: 45-54 m
- MICROFOSSIL
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ZONE D & 28| E E] 2
7 = == s E1g
i = |= S P el | = &
C_K- E (=] e _O_ o ‘E | . ug_ 5
& |Ele 5l = 1288
v Sl slglylel E EEe DESCRIPTION % CaCOy
Sl =|&| a8 lh] T |Slwnla . EDH_}_C
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= .
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BGRAPE values; laboratory values shown by triangles

NATURAL GAMMA
(Counts/7.6 ca/1.5 min.)

1

lln’
1

PHYSICAL PROPERTIES

WET BULK DENSITY" GRAPE PORISITY SONIE VELOCITY
{g/cc) 1 (ln/sec)
1.5 2.0 2.5 50 100
] | NEREEEEE
1.5

—6

=9

81 ALIS
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siTe: 158 HOLE: CORE: 7 Cored Interval: 54-63 m
AGE = o MICROFOSSIL PHYSICAL PROPERTIES
= il sil sl Abund/Pres
ZON£ @ " Q9 E El 2@ BCRAPE values; labaratory values shown by triangles
@ = 8 |5Fls sl El=
= ) = =] £/c)% HEE .
e z[=2 =lsks = NATURAL GAMMA WET BULK DENSITY GRAWE POROSITY SONIC VELDCITY
s | Elelgls ol & |8 “g“'-g DESCRIPTION % CaC03 (Caunts/7.6 ca/1.5 min.) (a/ec) t (ka/sec]
= wl — == S 50 100 X0 1.0 1,5 2.0 25 3.0 50 100
siZE|Bwn - (2w Y Pl T I R T A Tl N T i A T
b VOID
] r—
E 7 Nannofossil chalk ooze; forams common to
. S ﬁ abundant, diatoms common, radiolaria common
11 E= “ to present; lighter in color than core 6 by
E Lt N 0.5 value (11ght grayish yellow green);
J e light glass usually present, dark glass less
| r— ?
e rn so. Fine pyrite usually present.
-1 ' i
- A1 i
] ki 1 = 1
] =
2: et Few minor yellowish-gray streaks suggest X
] T——— disturbed layering; also same gray pyritic
:2 re—— streaks as in Core 6,
1 BE= 1.5
I -
y L L
. 1 'l
3:__lll.l_.-l..-‘“ Pyritic gray streak 3 mm x 40 mm
==
1. == 2-3 m pyritic Yumps
'g j 3 : l_:' . py ump:
o
. _l_..l.
o |4 ) rm—_
2 13|53 1 =
=] E X ] T i
S g .3 ] |
— o Al Ll
= |slef8) 1 B=4!
= 15|58 1 =41
MHHERE==
= % j g m— n
SRk ===
% _: B
ko 5 s +
2 1 B
ra o adaares
u.: e l’
- - i = i r
—: = i = 1 |
— 1 1
15 = Amd i o 30 x 50 mm dusky to grayish olive green
4 B pyritic Tump, containing 1ight and dark
14 /. glass
- 1 ' T
i ——
- J:
] = |
3_' L i & mm pyritic lump
[P e Deformed into 3-5 cm "biscuits" separated !
16— | by 1-2 cm of flowed homogenized material
Bl ==l
1 rama |
- 1 il n
= Dark glass, palegonite, guartz, feldspar
CC P il present in acid treated coarse fractions. Flulalulals
A
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sITE: 158 HOLE: CORE: 8 Cored Interval: 63-72 m
- MICROFOSSIL PHYSICAL PROPERTIES
AGE E w 2 Abund/Pres
ZONE | 3 5 2= E El o SGRAPE values: laboratory values shown by triangles
2 S5 S |g7)® 55|23
x |e e I|= < 5o w| = HATURAL GAMMA WET BULK DENSITY®
5|2 glsl 56| E |BIEE DESCRIPTION % Cac0; (Counts/1.6 enf1.5 nin.) (w/ee) e rprostTy g L
SlEIZ BlE = |18uae 50| 10 10 10015 20 25 3.0 50 100
5 / sadi f TR | L1 | | | I I I
¥ ] Nannoplankton chalk ooze, forams and
:§ 4 voID % radiolaria common, diatoms present;
= — Tight grayish yellow green; finely
- ——1] disseminated dark and Tight glass |r
11 22— present. Pyrite still present as fine
8 4 1 ; grains, but gray streaks which characterize
5“ I—_ —i—L<q higher sections are very rare.
o E e
2 4
£ 4 [wm P4
B ===Z
— 1 I
i 2__ = : L :f Top half of core homogenized by deformation. b
J2 : .; few small unhomogenized Tumps
2 1 Z
. L) *
] BB
§ a = Nty
§ 3—: =
£ - L L
§ . - i - i
- i A
- 1 rmem P h
g b 3 1 1 ;
4 o B * 8 cm unhomogenized Tump
w 9 o——
w g ] ==
3 |3 1 B
9 s = 1 L 1 lﬁ
= |5 . 3
a |3 1 BE===
EI 2] 5— o e
= .§ £ :4 = | b
2183 4=
g - I - |_- I
9 - e |
‘E p e |
5 6 i : 1 : Nl
i 1 =
:§ -— 1 . i : I
HEEA==]
8 7 e | 1.5
— 1 1
] r— |
] ==l
L__ _-_ T I T A I
q N i : i :
5 ] N |
1ER==} |
AL = I
E‘ - L I_I_. I
gg? = N : n : ]
1 BB
% ~ I = Il ! [}
= cc B : :_ No detritals noted in acid-treated coarse
0
T fraction. clulalmlals
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SITE: 158 HOLE: coRE: 9 Cored Interval: 72-81 m
AGE -E @ Tbcmpossu PHYSICAL PROPERTIES
) M= und/Pres
ZONE @ s g = E el e BCRAPE values: laboratary values shown by triangles
2 Sl S |&7° HE
[ Zi=l 2 |58a wl= NATURAL GAMMA WET BULK DENSITY®
» |8 § p=] & o = 'E Eg DESCRIPTION % CaCO, {Counts/7.6 cn/1.5 min.) {g/cc) SMPE BB ITY “ff-u“ﬂ?'"
Sl 8 = |8wnE 50| 100 xo’ 1.0 1.5 20 2.5 3.0 50 100
— aadecali g L4011 1 | | | T |
3 [ vore é
= e T f Nannoplankton chalk coze, forams and radiolaria
1 B common, diatoms present; light grayish yellow 0
) —— ) green. Palagonite, dark glass, guartz and
1 === feldspar present locally
"_ minor olive gray layer, distorted
- 1 i
1 /—
p A1
1 B=
- 1 I
21 b — [
:2 - 1 . I *
: o
: L A = ﬁ
: Il ' 2 s
3-:—1 § 1 3
B : 1 - 1 i
‘: I 5 1 - %‘
B i . / L]
] 3 1 = f : A
HEE ===
w (g8 1 ==
= g F i 1 =
=] 21 ro—
o E o 1 7.
S 5|52 ==
T g yt - - s 1
ol 0 I % 4
o g8 w B i 1
w |2 3 2| 5 . [ ]
g v§ v} 8 -1 4 At
2185 é N =—=1%
E L] . 1 ! 1 .
a - ' : 1 :
g S——
U: = ‘_ﬁ
A
7 1 1
N A A
2 e * [
= n L
15 ===}
H E= f
B L i
. : 1 - 1 |
s L 1 I L
1 i 1
: = 'S : 1
8_- || 3 x 10 mm foram and pyrite-enriched lump
1, ==l L
Ly 6 a 1 L i
-: p i X A
e o
] m 1
: i X i L
1 1
ce —— Glauconite present, no detritals noted in
L * acid-treated coarse fraction. clmlapMale




s1Te: 158 HOLE : core: 10 Cored Interval: 81-90 m
AGE E a Tbcmdpﬁssn_ PHYSICAL PROPERTIES
[l und/Pres
ZONE "E 5 § a E’ HIE SGRAPE values; Iaboratory values shown by triangles
v = =|m © B
L = = o B w =
— o < o| m |
& |8 =l 2 |5sle e NATURAL GAMMA MET BULK ENSITY®
a|slelslE o] £ |B 38 DESCRIPTION % CaCls (Caunta/7.6 ca/1.5 min.) {s/ec) TNE Y SIC SEocHy
Sl2lEB8lEH = |Swvae 50| 100 no 1.0 L8 2.0 25 3.0 50 100
sad by A [ | | 1 1 T O
] voID
(7 ]
(- ]
§O 1. = '/r‘ Nannofossil chalk ooze; foraminifera and p
32 11 e radiolaria common, diatoms present to common,
=i ] BE=2 silicoflagellates present; 1ight grayish yellow
4 - green; obscure deformed yellowish to light olive
] g — gray mottling or layering, few gray deformed
E ] voIp lamina. Color grading to medium greenish gray
-é = in bottom third of section
g T —— 2 x 8 mm pyritic gray streak
& ] ==/
g 2-_‘ 1 1 -
T T L
': le 70— * pyrite and 1ight glass present
= - i i
b ] "
8 b r——
§ |3 ==
1 B
o L
- I 4 L =
?g Jo = :
- L 1
8 H == :
‘§ | g : L n : A1
2 By 1 ==
1 % . - A - I
3| [8] 1 ===
E & g - —i 1
L 5__ 1 1
[ &) & = -
9 g N 4 1 S 1 .
E : - ' - A1
m — s 1 - 1
E 7 1 1
o. b : 1 : 1
S 2
e B
% 3 f * N '
N I - I A
g = - 1 - I
g’ 15 : i : . Dark glass and palagonite present; also clay
b & 1 1
— = ?_ 1 1
a : - ' . 1
5 1 P
o 1 s
E b I 5 1 .
.S : i = I -
:§ 3 - i '
. -
— 1 1 l
§ 7 6 P 1_. 1 3
o - 1 i
= By g 3 mm pyritic Tump
T - 1
s 1 ==
Lt Dark and 1ight glass, palagonite and feldspar
CC —— .| in acid-insoluable coarse fraction. clulalulale
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SITE: 158 HOLE: CORE: 11 Cored Interval: 90-99 m
AGE = e "L‘f“"d’}%ss“- PHYSICAL PROPERTIES
e et und/Pres
1] —_— 3
ZUNE = E § _-':': Ea':_- E g BCoAPE values; laboratory velues shown by triangles
= sE 2 (g7 55|12
x g8 = 2 |5&e == NATURAL GAMMA WET BULK DENSITY® GRAPE PORDSITY SONIC VELOCITY
RS = E E =| o § DESCRIPTION % CaCo (Counts/7.6 on/1.5 min,) {a/ce) 1 (kmfsec)
S5 B ala £ |2Ew 3 0o 10 1.5 2,0 25 1.0 50 100
2l2le| alnl I |5lwna WEARLL vy s | [EEEENENE
] =
bl —m Nannofossil chalk ooze, radiclaria common to
B ot abundant, foraminifera common, diatoms increasing
n L to abundant in 5th section; predominant color 1]
S —— medium greenish gray, 1ight grayish green
1 ro— moy ng, rare in uppermos sections, increases
] = ttli i t 3 secti i
14 —— in section 4 so the 2 core colors become
g 1 intimately intermingled.
- i
— I
__ i n i
: 1 - i *
4 BE=t
~ 1 i
2—_ e Pyrite is ubiquitous in small amounts; dark [
a R and 1ight glass, clay and feldspar also locally
. 2 —i * present.
— 1
- ra—
' A
3] =
4 A 1
] |
2 i THET ] |
] L e I
El——l b
= 1 |
13—= |
3 " 4_- I:'- |
% S s 1 1 |
— A
AHHHER==S]
2|5 - Lo
2 waite | a, - L 1
= 2l & ] i e v
Rl @ < PR
- - g B 1 1
E Sla g 5_| ) 1 5 n h
a 2 § 2 : ‘_I_. I
Slg|2lz] 4=
] 5; i - S
= 3 ra—
- . L = '
-1 ]
£ e
0] ro—"
1 '
X M-
b L ' - I
E o q
- L J-I "
5 1 1 s N
] ra— * Distinct increase in diatom and radiolaria
7— i contents
] i x Silicoflagellates common
1 4 I 5 i
-1 I i
() e
- A 1
8 B
1 i1
-1 6 o 1 . 1
— L L
_: To——
-1 A I = I
-1 ' '
' 1
cC s Glauconite in coarse fraction.
o CIM|A|PIA|G
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sITE: 158 HOLE CORE: 12 Cored Interval: 99-108 m
AGE = MICROFOSSIL PHYSICAL PROPERTIES
5 @ Abund/Pres _
ZONE - > |33 E' Elo GRAPE walues; laboratory values shown by triangles
™ = v |cl=ls | E|g
& skl g |Ea JHE
x |2 = - P w| = NATURAL GAMMA WET BULK DENSITY® GRAPE POROSTTY
S c i SONIC VELDCITY
ﬁ & € = ol 1Y I:E = Eg DESCRIPTION % CaCo; (Counts/7.6 cn,.fl.s min.) (gfec) 1 i iee]
= w lm| = = © 50 no 1.0 1.5 2,0 2.5 3.0 50 19
El=|x| afn T |§wa NEAN P T ] 0 0 I O 1
1 = // Nannofossil chalk ooze, radiolaria and diatoms
4 = / common to abundant, foraminifera common to
A r— / abundant; predominant color yellow gray at top,
1 = grading down through grayish olive green to q
1145 * Tight grayish yellow green at bottom; obscurely
] — mottled yellow gray and medium greenish gray. AfM
14 B Pyrite and associated 1ight glass locally
. 11 abundant.
- = 1 = 1
- A A1
i '
] Iz A 1 f
B o |
24 4|
x ] o :
T —— | 1 to 5 cm yellow to 1ight olive gray mottles
41 = containing abundant 1ight glass, pyrite
= el inclusions in glass, and pyrite framboids
N 1 N
3_._| B N = A
1 =
N 1 1
- . n - L
4 =
3 13 = *
w |5 g ?, 9 5
Z181818l %3 =
AL ==
o |2 2 ;T
s “3 L = n
= A [ o s M
e |2lsl 2] 1 P
w B2 s ] B
a |22 B=
2|28 i [ ra— 1
S|E]| @ 14 =
o - I I
- 1 1
2] L I
: ' I ' o
f o s P ey
L=
! I . |
J =i
ro— .
5= :
1] =
1 =i
. e |
1 1
A 1 1
: i : i k
8] B
N Y T
] 6 i - Il *
-— A1 A1
- 1
: I ~ L
r—" Light glass common, palagonite, feldspar and "
ce —— glauconite present in acid-treated coarse
- fraction. C|M|A[M]A
i 1
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s1TE: 158 HOLE : coRe: 13 Cored Interval: 108-117 m
AGE = o MICROFOSSIL PHYSICAL PROPERTIES
) = Abund/Pres
ZONE - > o8| E El e ¥GAAPE values; lsboratory values shown by triangles
b = z 8 |55|8 Sl EIB
E E| 8 == gl 'g H] 8‘ 2| 2™ NATURAL GAMMA WET BULK DEMSITY® SRAPE PORDSITY S WLt
v EisglSlg E |2 Es DESCRIPTION % CaC0y {“"‘“"’-":“““"‘-’ R e so : o (km/sec)
wl=|x| S| I |ajwvia o fol L L i R A NS R
= VoID
] i AM
-~ o— - Nannofossil chalk ooze, foraminifera and
1 T radiolaria abundant, diatoms common to present; p
115 medium greenish gray with 1ight olive gray
13 T mottling (mottling moderate). Dark glass
= n _L present, also (locally) rare glauconite,
4 = palagonite and feldspar. Fine pyrite ubiguitous
7 ot in small amounts, especially in olive gray
r— mottles.
3 1
2 : 1 : I
i : 1 : L]
h 2 1 : 1
=]
31 =
3 —!
1 == :
= 1 1 %
- 1 | B
] o —3 N N
5 4 1 | AM
" HFEg=== |
& }.: % fé! 3 1 |
o & 2l g - = I )
S %155 ==
= 5 ] |
o E ﬁ e j r— i
& £ £ 5 AL |
§ 2 L 1
=] § % | B :4 —— | 1
S I I ==
B !
7 1 : =}
Fis 1 1 ’_I_‘
v -4 1 : I
: A . '
= L : 1 L]
s ====Hj
7‘—4 I - 1
i —
- I I
1 r—
: I . 1
: i : i 1
8_. : N : I [
Q==
—y 1 n 1 *
= 1 1
E L In acid-treated coarse fractions: diatoms E
[— present, sponge spicules rare; also rare
cC ro— feldspar, dark glass, palagonite and glauconite. culalulale
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SITE: 158 HOLE: coRE: 14 Cored Interval: 117-126 m
AGE E' I ’.;Ibcuﬁli’%iselsl' PHYSICAL PROPERTIES
ZONE | € > |B|38| B El 2 GRAPE values: laboratory values shown by triangles
b4 Sz 3 5[5 SIE|B
= ||l = 2l 2 Slsl e 2| 2|* NATURAL GAIOMA WET BULK DENSITY? R Y 5
4 8|EllEG E [BEE DESCRIPTION % CaC0; (Comes/1.6 Ga/15 i) (a/cc : e st
S[Z2|E| s8R S |5wla 50| 100 xo 1.0 15 20 25 3.0 50 100
—r—t g L1l | | | I —0
] i Nannofossil chalk ooze, foraminifera and A
E —L—4 | * radiolaria common to abundant, diatoms present N
= T to common; yellowish-to-11ght olive gray and o
= 1 medium greenish gray alternating as dominant
1] 2= / and mottle colors; pyrite common as fine grains
] r— */ in olives, also present in greenish grays;
| | / dark glass and palagonite locally present. —1
1 —L—afr Moderately well mottled.
J ==
n |
B 1 L
1 1 s L ’
2_-. : 1 : 1 * J — 7
3 2 L - 1
: ' 2 L 5
ER===1
1 B
3‘_"_ 1 - 1 3
- A
a i e
=] L . L
1 B : 1
:3 rm— * | o=
g ; 1 AlM L
il B “
[ -1 1 L
(3]s 1 B==
8 (8|52 +H==
— <% E| A n I |
= S| 2 — TRz Te |
S 5|88 53 == -5
o 28 R 11 q
a (5158 7 = |
=2 |88 § - 4 1L . | *
é B “ - e 1|
i I
A E : a —6
L T
2 1 I
. T i 1.5
g L '
1,2 !
n 5 i : i e 7
H BV
- A
==
S Iy S ——
: 1 a .
- - A
o : -8
8- ra— L]
162
- 1 . 1
- —r—
=
A In acid-treated coarse fraction: diatoms present, =g
&t BE= — radiolaria abundant.
s * | * CIM|AIMIA|G
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SITE: 158 HOLE: CORE: 15 Cored Interval: 126-135m
AGE = MICROFOSSIL PHYSICAL PROPERTIES
= = % Abund/Pres ranct
ZONE “26 % |2=|E E[ 2 = 3GRAPE values; laboratory values shown by triangles
(7] =| o ©
ST 128 2 |82° 55|18 _
o —_ 3 NATURAL GAMMA WET BULK DENSITY
i % = == T |288 (Counts 7.6 /1.5 min.) lafce) SHEE PheasTY FEC FELILIX
c ool = =2 DESCRIPTION % Caco {kn sec)
v | e =B vl E 3
o|82 W lug) = = L 500 1 L) 1.0 1,5 2.0 2.5 3.0 50 100
Gl I 3 S ) I ]l PRI [ i T T 04 Y
1 B4 Nannofossil chalk ooze, radiolaria abundant
- t—4 to common, diatoms, and silicoflagellates
s | common, foraminifera present to common.
1 P Dominant colors: top half, pale grayish yellow AMl g
11 H s green; lower half medium greenish gray.
. T * Moderately well mottled pale yellow gray in
1 T | |* entire core, also pale grayish yellow green
s i toward bottom.
. e
1 =
1 [ A
1 1 I| ! |
= i
24 B
1 BP===. Pyrite fine grains ubiquitous, especially in B
12 grays; only other mineral noted in smears is
4 T rare dark glass and palagonite.
35 pra—
: 1 7 1 <
E . |‘ 1
4 B
- 1 1 -
~ L 1 *
g :3 — L AM
o] o - 1L
o |3 % 1 =
S 2|F|| 1=
= (533 TS
o |8 ® . R
Wi |7 § £ . " i
o g a |3 r I
o E E 5_ L
S 15123 JaFE=
S22 HE=
1] @ =] —1
1 M
A = 1 - 1
-1 I i
5 -1 T.I_—l—
] ot *
- A
1 i
1 o T L
- i
: S i 5 A 2 1‘5
= o
73 —
1 B2
1 ===
el ' 1
L L
1 ==
-4 1
8-
3] £ ) 1
] 6 1 - I
_-' : 1 . I
= et e
1 .-
1 .
1 1 A
cc o Glauconite rare in acid-treated coarse fraction.
- * M|A[M]A
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sITE: 158 HOLE: coRe: 16 Cored Interval: 135-144 m
AGE - MICROFOSSIL PHYSICAL PROPERTIES
= ala ; Abund/Pres
ZONE | & > |g|B *GANPE values; laboratory values shown by triangles
v % o El= E E E
g ™
ST 128 2 [8e2° HHE
= |g|2 p— SiEle == NATURAL GAMMA WET BULK DENSITY® POROS
2 lslElslElE E B8 DESCRIPTION % Caco, | - (comefré oyiSutn) (wee e s
2= 8 gg o Sm&_" 50 1o 1.0 1.5 20 2.5 3.0 50 100
gl I | | 1 I I I |
-4 I i
] - % Nannofossil chalk ooze, radiolaria common, AlM
] silicoflagellates common to present,
— T foraminifera and diatoms present; moderately
1. H= to strongly mottled, colors various yellowish g
i [} [ s and 1ight olive gray hues; also gray mottles
| - r— present containing abundant pyrite
- 1 1
- 1 1
- L L
1 = o * many discoasters
- 1 1
N 1 - 1 ’
3 s
- i 1
24, Ay A M
: 2 - 1 — 1 -
“l L
: - 1 . 1
3:-— - I I
_ 1 - 1
==
- [ . |
B 13p=—= AM
1 1
i g E 4_- . 1 . L
% =
g § g- ‘:: ] n 1 = AT
b3 s(= 2 m——
e g__ é = 1L
= '3 ) g‘ Tk 1
o= ~ _E ™ ~ L I =
& g 53| 1 BE=
n_ il A
= |8 _?’, § 5- I * rare dark glass and palagonite; 3 mm
é 33 E 14 /= . pyritic lump alp
3 -
B 1 : 1 I
- i 1
- L 1
e —
= 1
7] . 1 = 1
1 =41
- L
=== Alp
1
7- e
] =T
. : ro—
'
] n : = Many 1-5 cm gray mottles
] F— 1.8
8__: = J
E 1 I * *
] 6 ; 1 n L A Md 1.5
— 1 1
T: : 1 : 1
k.
- : 'S - '
cc = | |.
e MEIE

=9

8S1 ALIS
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sITE: 158 HOLE: core: 17 Cored Interval: 144-153 m
AGE E ] PALCR%F,%SSIL PHYSICAL PROPERTIES
= und/Pres
ZONE "3 5 3 's E' E] @ “SRAPE values; laboratory values shown by triangles
wy Cl=lm m| E
ST 128 g 1822 5| 5|2 ,
a =2 — Slsle | = NATURAL GAMMA WET BULK DENSITY GRAPE POROSITY SONIC VELOCITY
g cels|BI5 E |BEE DESCRIPTION pocy | Gespraied e P ferves
El=z|ez| B T |8|wva ., 50| 100 R i T N o I I T
1 e Nannofossil chalk coze, diatoms and radielaria
] F— common, foraminifera a;rd silicoflagellates
-] i common to present, dominant colors pale olive
1 B 4| in top and bottom thirds, yellow to 1ight olive g
qi= gray in middle. Mottled distinctly various AN
1] o yellowish and light olives (5Y8/1, 5Y7/2)
3 1 i
- 1
- I L
1 B
- 1 - A1
] S Fine pyrite still present in all smear slides;
] o Tocally dark glass.
zt — A[M] d
: 2 A L . i -
E 1
- L
1 BE=
3 : 1 = L
4 =4
Dl 4 =
ik g E E 53 : : : .I " rare dark glass ?
& |3 EA RS ] Lt * AP
o |2 g- ey 4-: B —
% g g_ % ] _Ix_l_.!.
= E 5 g :— - N - *
E ‘g § - - L - [
=R i 1 B=
o8 E 5__ 1 - i
AR 1. = " NEL
1=
N I . I
: I = i
- I 1
6 L
: 1 = AL
n 1 — L
1. = *
5 i AP
7 E— Material becoming more cohesive and Tess
7- F— . disturbed; commonly in discrete 10-15 cm pieces
] r—
= ro—
__ i S 1
- 1
- L
84 B * ATM
; 6 I > L
- 1 1
:' 1 . 1
1 =
—L L Glauconite present; also rare quartz and
cc - dark glass in acid-treated coarse fraction.
—_ cimlaminle




sITE: 158 HOLE: CORE: 18 Cored Interval: 153-162 m
AGE = MICROFOSSIL PHYSICAL PROPERTIES
th @ Abund/Pres
ZONE ..E 5 818 ‘:E" £l e UGRAPE values; laboratory values shown by triangles
cl=
] g g 3 Bl a g E E
& |g|l2 == 2 |58lg £ 2 . T LK pes1rY'? GRAPE POROSITY SONIC VELOCITY
« | S 58 & ] R & E"E DESCRIPTION & bacls {Cmun“n:fl.s i 1.0 1.5 “:‘:I 2.5 1.0 s‘o ez
Lacii] s f . X 100
L|=|x| 8] I [Sjwn|a L4 20, 100 Lty ey el RN ENN
1 et Nannofossil coze, radiolaria abundant, diatoms
= s and silicoflagellates common to present,
e y - foraminifera present; dominant colors
] —t— variously pale olive, yellowish gray (5Y7/2), I
11 = yellowish to 1ight olive gray (5Y6/2), yellowish r
1" rshort %ray (5Y8/1), yellowish to 1ight olive gray AfM
|4 SECTION 10Y7/1), pale yellowish gray (5Y8/2); pale
1 = * greenish yellow to pale olive (10Y7/2) in
7 T bottom section. Mottled yellowish grays and
4 Pt grays. Fine grained pyrite, dark glass present;
e Tight glass and palagonite locally present.
4 L il
1 ==
2 e AlM
i = * spange spicules present il
4 2 1 4 *
5 — A I_l
~ L 4 J_I
9 I 1
— —
- I 1
3 i 'S
x4 ] =
Bl E 4 Azar e
=] g 5 E - e »
< | a8 |- a S | A
s % g" a 1 I ._I_‘ b
o B E| 2 43 : D
= | ZelE] a3 B=5
= o : " - ] n
- 2 ]
E 3 2 & 0 ! 1J-_a
o 2 g § - i i
o. 3 8 ——] 1 - A
= . T
,_g E E 7 —1 L small pyritic Tumps in gray layer.
. I 1
3 B | . 1
34 1 I 1 4
i 1
-:‘ L - i :
: I 7 L a
G
e
j L k A1 .
N
4 ey v * A 1
|
[ rm—
[ === R N
: . I s :
1 1 i
- T
7 o K AM
= 1 l_l_'
3—_ L * ]
:6 - ' L 1
- ' - J_I
: I i i 1
-1 L I
1 == .
| K Glauconite and pyrite present in acid-treated
CC = coarse fraction.
T i cimMfalPiAlG
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=6

=7

-8

SITE: 158 HOLE : core: 19 Cored Interval: 162-171 m
AGE E ", Tb'ff,,o,ffpﬁ lsL PHYSICAL PROPERTIES
ZONE § 6 § :E g— E g - SoRAPE values; laboratory values shown by triangles
vy =l o @
L o 218 g E 1 i 5| §|= ,
o gl g = '__. Sl - = HATURAL GAMMA WET BULE DENSITY GRAPE POROSITY SONIC VELOCITY
] NE IS = B E% DESCRIPTION % CaC0; "‘“""‘”-‘n:f‘-‘ hie:) ik i ‘=:°;’ -y 3 - {ln/sec)
SlZ|z|a|n T |Slwnlja ] 50 Joe IS e T I - RERNEEEN
= —
- : i: i Nannofossi] chalk; radiolaria abundant to
] — common, foraminifera, diatoms and silico-
- o flagellates present to common; dominant color
e T * at top pale greenish yellow to olive; rest T
1l =0== variously pale yellow gray (5Y8/2), yellowish
4 B gray (5Y7/2, or 5Y8/1) and yellowish to light
1+ A1 olive gray (5Y6/2 or 5Y7/1). Mottled similar alm
] e *|  colors.
- A A
. I A
e I - I -
- I L
-1 T
- I 1
23 [ e Fine pyrite ubiquitous, slightly more common
4 i in darker mottles. Dark glass, palagonite and bl
1 ¥ — rare light glass present Tocally.
125723 ght g ¥y
—~ I i
el 1 1
g ] 4 L 1 /‘
= I L
5 ] -
3 %] L1 B4
; g 3:—- = ! 1
&l B 7 5 |l 1
253 1 =
L g g § _: : 1: i
g (388 Pe=
o g Bl S 4': —
= |3 ] =44 |* ME
e ] Lt 717
E g _'_—‘ 1 ! n : - i
= |5 1 B==4.
K I e
b 5'_ L ¥ 1 !
: 1 1
| J4 P11
1 == o,
r—-- 7 z i - i
1 ' '
- I I
- i i
6': n - N C
N 1 1
d 'S A
A 1
-: k l:_l
- A
s -1 1:5
el g 150 =
E E ? = n a 1 l
8 HEERE i 7
1 i
8, - i
g 2| 3¢ -
===
§ 2 n M-
R =
5| 8 7 r—
E 36 =
- 1 1
g A ll 1
L
n I I
: I . i - é
1 i
cC L1 Rare quartz, dark glass and palagonite in
e * acid-treated coarse fraction. clmlamdale
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sITE: 158 HOLE: core: 20 Cored Interval: 171-180 m
- MICROFOSSIL
AGE ¢ ol ol Abund/Pres
ZONE | B x |el=|e ET e
vy = (&) = = sl €
Lt == © bl (7] | = ®
E b =] E‘ Sl + IE | o
S (EIELEE 2 |28e =
v |Eleligly e E |5 Ew DESCRIPTION % CaC03
E|Z|z|a il S |5lwla 50| 100
1 m T
1 pPB—— Nannofossil chalk, radiolaria abundant to
1 Ek comman, foraminifera common, diatoms common
I s to present, silicoflagellates present;
1, = dominant colors yellow gray (5Y8/1), p
J1] === yellowish to 1ight olive gray (5Y7/1) and
1 == i light yellow gray (5Y8/2). Mottles light and
I': ra—— medium 1ight gray, yellowish to light olive
4 == * gray, light yellow gray (5Y8/2) and yellowish alp
1 B to Tight olive gray (5Y7/1). Finely disseminated
1t % pyrite ubiquitous, especially in gray mottles;
= i1 dark and 1ight glass and palagonite present
R e e ; Tocally.
- I i
—d i s
2 2] i : L n ?‘
1 'S I
J2F =/
B 1 T /
= 1 I /
] ==
3_:__ 1 =
1 ===
El=="
g L] g - o % !
gl = ~ i 1
Luz.: E E g ] 3 1 : 77
A 3
8 § 8 & 4: = i
=2 =|§8] J BE= Alp
= |8 = 1 B= *
m oS 3 L] - - i - 1
: & 2 8 =] I
& 2|8l 1 B4
S5z E 1 ==
B 5__ - 1 = ry Z
I i
. L
] 45 ro— L
= AL AL
7l 1 . 1 .
-1 I . 1 .
63«
7] T prominent 1ight and medium light gray mottles
1 '}
2 A e 771
— L
: 5 (-
[
] ==
4 | A, . 1
3 I " 1 om mottle surrounded by 2 mm grayish
T green "aurecle”
1 /=
] i
8 s I o e bedded alternations several mm to several cm [
16 =/ thick of yellowish gray and 1ight olive gray
_- z i 5 i
: I - i
=
cc Y Rare feldspar, dark glass and palagonite.
o v * . A{P|A|G

PHYSICAL PROPERTIES

AGRAPE values; labaratory values shown by triangles

-6

MATURAL GAMHA WET BULE DENSITY!
(Counts/7.6 cu/1.5 min.) (gfec) EANE FIROSITE sonie ﬁ:ﬁln
0o’ L0015 20 2.5 3.0 50 100
R M T Dl | RN
1.5
cc 1.4
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SITE: 158 HOLE: CORE: 21 Cored Interval: 180-189 m
AGE L @ HICROFOSSIL PHYSICAL PROPERTIES
ZONE % > 8 % E- el e ScRAPE values: laboratory values shown by triangles
(7] = g E': H sl e =
L =18 2 |§2° 55|
x |E|2 Zl=l 2 |58e [ - NATURAL GAMMA WET BULK DENSITY® CRAPE POROSITY SHEE LTy
S\ ElelElG E |BEE DESCRIPTION % cac0s (counta/?-5 1.5 min.) (arec) ; ¢ Lo
2|2 = = = [ - sal 100 0 1.0 1.5 20 25 30 50 100
wi=Zlexl 8 jn hebd b e i, i I RN o
b VoID
4 i 17
o 4
‘:.i == Nannofossil chalk, radiolaria abundant,
1 = * foraminifera common to abundant, diatoms @
= it present to common, silicoflagellates present;
g T _é colors change downward from white to pale
H T yellowish gray, yellowish to light olive
— . gray (5Y6/2 and 5Y7/1); mottles and b
h PR * laminations pale to grayish green and pale A
< Bt green (diffuse), medium 1ight ?ray. and
= — " vellowish to 1ight olive gray (5Y6/2). 1.5
- i 1
2_' I : L 3 mm thick pale green laminae and
a1 T pyritic streaks
J2f=—=
- —
==
4 1 1
ra— "
< | 31 j==
a2 g =1 n 1
4 R 7] lJ |l *
=) § £ I ] T Dark and 1ight glass, palagonite, feldspar
& |3 5 § - ot and rare pyroxene present in smear slides.
=12 3. B Pyrite associated with glass especially E
= § § E 453 abundant in gray mottles and laminae.
= |u " —
3w 4 h
E .§ 2 § -1 o T i AP
o. o § & . 1 I
a | 518 ¥ B i
= 15|28 E T =
§ ] P
e [t
== f
1 —
-3 1 'l
-1 I
] 1
] M . 1 :
6 P
4 1 L
__ i - i 1
: 5 i i
~ A . '
?__ —
1 =
- : = Dark and 1ight glass and palagenite rare in
o o acid-treated coarse fractions.
et 5 A[MAIG
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sITe:158 HOLE: CORE : 22 Cored Interval: 189-198 m
AGE = = TROFOSEIL PHYSI CAL PROPERTIES
= = Abund/Pres
ZONE = S 3= g Ele AGRAPE values; laboratory values shown by triangles
2 =1zl S |58 SlE|®
E ele == § g = g 2| Z|> NATURAL GAMMA WET BULK DENSITY® GPE SRR o __,
a [2slgl 5|2 E |8 Es DESCRIPTION % CaC0s e v b 2 o 14 = (kn/sec)
LSl o] = |Snia L P I EEEAEEEE
4 voID
11
l"_' r— Nannofossil chalk, radiolaria common to
1 BP—==1 abundant, foraminifera present to common,
7 e / diatoms and silicoflagellates present;
ro—— dominant color yellowish to Tight olive gray
E il 2 (5Y7/1), grading into medium greenish gray
[ —— and grayish yellow green in the 50 cm near
2] ] the pyritic glassy chalk. Mottles yellowish
2': o E 4 to 1ight olive gray (5Y6/2) and medium ;
12 —— ,'/ light gray.
p i .—: =+
~ il
: . 1 x 1 /
B rvavesr (g
- o
] 11~
7 n n
L] L] _— : f : ‘;
W B I T
AHHHEE==Z
e} g "3 4_- ra—
S|12|E|8]|473 P
E 3 b § . ro—— Z] * AlM
> R E e Al o e # AfM
R gl 3 5 r—
a | & AR 5 S —
> 131213 5] ==
1] g 1 1
S| Jap=
= PR
=1 I > n :
: i k 1 .
b=
7 e .
g i *
~ i 1 in
15
7"_‘ I._It_L Pyritic glassy nannofossil chalk, olive gray
i S i !tﬂ llﬂa":k. Light and dark glass with pyrite
] nclusions common.
___ﬁlif . Alm
: 2 I 5 I
8- P Same nannofossil chalk as top of core; J
s — = yellowish to light olive gray, grading
16 /——— down to pale yellowish gray (5Y8/2).
E - e A I
L J_I
¢ = Feldspar present, also rare dark and 1ight
C — «| 9lass, palagonite and glauconite. Fimlalinlale

S8l1
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sITe: 158 HOLE: CORE: 23 Cored Interval: 198-207 m
v MICROFOSSIL PHYSICAL PROPERTIES
AGE £ ololl Abund/Pres . ‘
ZONE | & % |22 E E[ 2 GRAPE values: labaratory values shown by trizngles
2 =izl S |55 SIE|8
o= =] TiI=l © |55 o w| = NATURAL GAMMA WET BULK DEMSITY" GRAPE POROSITY
b7 s € als E 2|2 § DESCRIPTION % caC0; (Counts/7.6 a1 min.) tefec) e wmﬁ:ﬁm
Smﬁmu |2 Elw 50| 100 1o 1.0 1.5 20 2.5 3.0 50 100
W |=|ax| o | — |ojw|e- sadipiling T W T | 1 L 1= 1 B
1
- I VR Nannofossil chalk, radiolaria common to abundant,
<] e foraminifera and diatoms present; light to medium
= - greenish gray becoming darker down core; mod-
- ro— erately mottied yellowish to 1ight olive gray
11 525 and medium light gray with purplish aureoles
= m—— A around some mottles; toward bottom (section 5),
a |‘: - scattered diffusely pale green patches. Pyrite M
g p s ) ubiquitous, especially in dark mottles; dark A
& . T B * glass, 1ight glass, palagonite and feldspar
g 3 ! Tocally rare.
a =
2 -
- L 4
= 24 ==
- I
: 2
..9; - L 1
) 1 =34 :
(4] - A o
3 7 i 1
1L -
w E L
8l F Bt
Eln 4 == *
A - i 3 i ¥
ARLHERS
ol & a 3 ey 1
2 = T
8 [ & % 4_ :_[ rasm
= _‘é g = S o | AM
[+ ] 1 " i
AR e
o 5 E g2 T
= {1 =5
b 1
En===7 ?
el ] =
1 1
‘§ 2 e
= [ /
g n 2 1 . /
| ===t/
g : n n n n
E ‘: 1 e L i
g 4 - L 1 b ﬂ
1552
- I = 1
?__ =
1
7 T L i I
- I 1
cc < IJ_I
1 1 & FIM|A[M|A|G

0

-3

-4

-5

-7
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SITE: 158 HOLE: coRe: 24 Cored Interval: 207-216 m
AGE 7 & MICROFOSSIL PHYSICAL PROPERTIES
5 | oS Abund/Pres
ZONE = 5 =1h=115 El o BSRAPE values; laboratory values shawn by triangles
cl= c
o = z| S |8[%|2 g (B
x g2 T |=l € |5lsla w| = NATURAL GAMMA WET BULK DENSITY" poRas
e =1 GRAPE i
& |glelslElS] £ |BEE DESCRIPTION % Cac0s (Counts/7.6 /1.5 win.) (a7cc] , son veLociTy
El=|e| 8 lal I |glwle 50| 100 X 1.0 15 2,0 25 3.0 50 100
s deoih 11 | Il 1 I O I |
] voIp
11
N |j : 4 : i | Pyritic glassy namnofossil chalk, radiolaria alw
4 = ¥ abundant to common, foraminifera common;
] rm— .| diatoms and silicoflagellates present; AlM
] J - dominant color moderate olive brown, also
,5 . F— olive, becoming lighter down core to grayish 1s
w a ] ek dusky yellow green, olive and pale greenish
'-‘z-' ole| @ e yellow to pale olive; slightly to moderately
& E £| 8| 2 [— mottled yellowish to 1ight olive gray. Glass
Q15 _§ g 7 2 o b * mostly dark, but Tight glass also present in
e |« B 1 —— * catcher. Feldspar also present.
= |3|s 4 e
- g % . 1 I
w382 1 B=F
S &8 3 I P
=182 E 3 PR
= 2 5 4 - ITL
b . 1 1
. I I
2 I I
3 e * AN
N
1PE= |;
47 =
7 o * AlM
9 - 1 - I
ch_ 2 I . L
r— * FPd ApMA|G |
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~a

SITE: 158 HOLE: CORE: 25 Cored Interval: 216-225 m
AGE v @ MICROFOSSIL PHYSICAL PROPERTIES
= ol o) Abund/Pres
ZONE = 5 g '§ =3 El e SGRAPE values; laboratory values shown by triangles
i =B 2 |§7° HE
= =l € |58le w| = NATURAL GAMMA WET BULK DENSITY! GAE RNV
Gl S ElglEE E |BEE DESCRIPTION X CaC0s (Countaf7.6 en/1.5 min.) foree : SINLC WELOEITY
S|Z| S| 8lal 5 [5lvE 50| 100 1eo1s 20 25 50 100
aad il | Il | Pt 1 | 1
1 | voro
] ¢ T Nannofossil chalk, radiclaria and foraminifera
] ——a common, diatoms present; colors at top olive and
13 b moderate olive brown, grading down to mainly
A L"\Iﬁrn yellowish to 1ight olive gray and lesser
1 = yellowish gray. Mottles predominantly yellowish
] VoI gray. Pyrite stil] ubiquitous, especially at
1 rum—— top, but finely disseminated throughout.
] 1 : L l_l_
- i I
2+ v g
e 1 |
] ra— 7
—" - i s I-J_
] ===
2] i)
47 ro— ]
= i
ol I
“wh ‘E —- n 2 A1 :/
== R B i r—
2418 — 1
g ==
E be} S
SRR =
2 § § g - .VOID :
= |38 E 1 B
(5] - 1 i
S| by B==S
: L 1 = A
: : 'l - A1
= : 1 1 1
. voro
“" - I i F
3 el At -
_- i i |
- 1
E : 1 : I
H .= A
: 5 1 e 'S
ol 1 1
T i - 1 L
] h -
] == l
83 =
7 i;!ﬁ
— i 0.5-1 cm greenish gray pyritiferous lumps
- A
7] i : I
S Dark and light glass and palagonite present, also
CC I | rare feldspar; sponge spicules.
I * RIPAC[MIA|G
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SITE: 158 HOLE: CORE: 26 Cored Interval: 225-234 m
AGE v - rilﬁ%rzupﬁlsl PHY SICAL PROPERTIES
ZONE % 5 § :E E —E o SGRAPE values; laboratory values shown by triangles
] = Z S oln| 3 g E E
= | glg EE 2 E‘ﬁg‘ w|= NATURAL GAMMA VET BULK DENSITY® GAN'E POROSITY
& s SRS = |8 2= DESCRIPTION % CaC0; (Counts/1.6 cy1.5 min.) {o/ce) s SNCE YA
2 pr I 1o o 1.5 2,0 2.5 3.0 50 00 1.4
o Bl R B2 I..llcmn. “‘5’0 -LD TR N N 1 | | I O 1 | |
] rmerm Nannofossil chalk; foraminifera, radiolaria, i:
E — diatoms and silicoflagellates present;
A ——] yellowish to Tight olive gray and lesser
i - yellowish gray and light olive gray; mottled,
G ) 5 L] but degree difficult to evaluate due to
1' =1 disturbance; fine pyrite scattered throughout,
14 —— dark and light glass present.
1 ==
A brlel 1o
: AL A A
4 remeAn |
S === ,
- 2 5 L 2 //
_' : T : 1
1 =7
34 _,\rt'n,u‘:é
] ' =
i ]
w | ® § - : ro— i AlM
A HER ==
(] i 13=
2|8 3 14 =
== | £ 3] 1 AR
= (38~ 1 == 4 *
= |8 P 3] e
2 E g 8 -] :vm'n
= (32|} 1 ==
L] ‘g - n I ]
54 P===-
Je==/
e | I 1
= i 1 ._l_/
] —— A
(E—
1 [Tvoio
1 1 . i -
= " p
E 5 N - L - 77
H B=1/
- 1 1 /
- I A
: B I\mlijn 4 * A NJ
1 I i
===
8__ e P
16f=
_: - L . =
-3 n . I .
: 1 : Rare feldspar in acid-treated coarse fraction;
cc r— " also sponge spicules. cpdalmlals
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SITE:158 HOLE: CORE: 27 Cored Interval: 234-243 m
@ MICROFOSSIL
AGE 5 b Abund/Pres
= ol o| S
ZONE | = & |el=lE E[ g
bt Slzl & |s&n|3 ClelR
o= =} = 5' 2] . gle o
S |El s EE £ 288
& |2l ElslElS] £ |BE2 DESCRIPTION % CaC0;
ElZ|e| x| T |§lva 5o, Joo
i n L 1 . ¥ Aml B
] voID
B s Nannafossil chalk; foraminifera, radiolarta,
i | ra— diatoms and silicoflagellates present;
13 s * yellowish-to-Tight-olive gray and lesser
1 = I—'—Z yellowish gray and 1ight olive gray mottles;
4 = s & degree of mottling difficult to evaluate due A
M —i——L to disturbance; pyrite ubiquitous (finely
— disseminated); dark glass, palagonite and
7 — feldspar rare.
1 - ?/_
2: o — g
| 1 - 0
:2 k I k 'l —é
- L 1
[ e
< I 1
i 1 1
= L L
34— =
; - 1 — i 7—
- I N
. e = Lo
w .: [} é : L 1 - 1 Ly
E E & g 13F —
(=] J pB—
S| 8|E]4 ===
E S ) E» . . L . * M
P -El Sle il 2 4
= 8| -] PR
o e £ ] 1
[ ] 2 § - 1
= S8 E - M-
S 5- ——
S : = = m . &
— 4 1 1 /
- ' '
— L 1 /
_ I L
— L 1
-1 '} 1
6 7 1 - — /
1 ==
7 1 . 1 .
] 5 %
?— e
: 1 = 1 =
~ 1 A
1 =
' i
1 B2
i (i e
81 ==
i I
] 6 1 1
- 1 " L l
—- 1 . i . / * A M
3 —— *
-1 I L T
A1 . oy
cc o T Rare feldspar in acid-treated coarse fractions;
C—— * sponge spicules present. RPpd?[?|C|G

PHYSICAL PROPERTIES

*GRAPE values: laboratory values shown by triangles

WET BULK DENSITY®

NATURAL GAMMA
(Counts/7.6 cn/1.5 min.) (g/ec) RN ERSITY SON{;:[‘:‘OEI"
x10 1.0 1.5 2.0 25 3.0 50 100 4
11 1 1 | | 1 Y O O 1 | |

6
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SITE: 158 HOLE: CORE: 28 Cored Interval: 243-252 m
AGE E - Tifmdﬁf%ssﬂ' PHYSICAL PROPERTIES
i und/Pre
ZONE % 2‘5 § § E’ E[ g BGRAPE values: laboratory values shown by triangles
a =g S |g25 5| 5|8
= | e Tl= 2 |5 5s = MATURAL GAMMA WET BULK DEWSITY® GRAPE POROSITY
a[Elgle E E = B %% DESCRIPTION % CaC0; (Counts/1.6 enf1.5 in.) {a/ee) : X b 5y
s - |= o 1.0 1.5 20 2.5 3.0 10
G e R R A ot ML A R W AEENNREN
] : L : 1 Nannofossil chalk, radiolaria common to present,
1 VOID foraminifera and diatoms present; dominant color
= i — grading down core from 1ight greenish gray to
E ] 1D medium greenish gray to grayish yellow green
g 11 5 " to Tight olive gray and yellowish gray; Almf
2 3 1 variously mottled grayish green and pale
K | g e yellow green.
8 1 BE= .| AlP
g ] e
' 1
2 4 [ Voo
h —1 LA Dark and light glass, palagonite and rare
2.3 i feldspar present. Fine pyrite ubiquitous.
= ] . b
E 2 : . : - . Rubbly 5 cm thick green bed aln
o 1 . 1
" I
a —
3 - 1 I 1 77
J | voro
- =
(TN " B - ' < L 'I ]
AHEHEH=="=
o 7S] & 4 —t
S |54 E=
= |x]8 ra—
= % & a j F—1 R * AM
3 ol & by " = l |
215i: T
—l ] VoID
= 88|83 == ]
8 5—_ T Green layers and mottles up to 5 cm thick
= ] * AlMD
14 0== I: present.
= 1
- 1 1
] ra— i 2 cm thick pale to grayish green mottle.
. ] *
£ bl
63 ===—11] |- Al
] v |
e 3 . — | 4‘
15 = : L
7 B
_3 : I . I
b T ===
f 1 ==/
3 a‘_‘ 1 I’A . Alpd
===
.§ _- - : - l_._
: L A1 2 1
= n ..l - -
: 1 : Light glass common, dark glass and feldspar
cc 1 ¥ present in acid-treated coarse fractions. Flelalmlale
-

—0

-4
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s1Te: 158 HOLE : CORE: 29 Cored Interval: 252-261 m
— PHYSI PROPERTIES
AT 2 T, ~
ZONE ® 5 b = E El o YGRAPE values; laboratory values shown by triangles
g8 = S |sl&|S s| SR
< =8 2 |87~ 5| 5|
e (=2 Tl=| 2 |5/s8|e = NATURAL GAMAA WET BULK DENSITY" SANPE POROSITY i
& |Slel=l gl E [B HE DESCRIPTION % CaC0; s i TN . 1 o e e
L2z afn - |swa i 200 1o Lo I M NEENRNEN W R
1 ¥
3 | vor
11— Nannofossil chalk, foraminifera, radiolaria
- rI— and diatoms present, yellowish to light olive
|': gray, few yellowish gray mottles; finely
- disseminated pyrite ubiguitous, palagonite
] present. Homogenized "ooze" or badly shattered
4 | voip but obviously formerly well indurated.
i ]
[TO R 5 2]
2 |53]3] 2] ==
U E b 3 K A L é
SAHE I ===
=l®lsl2 p 1 i
=z 5180 4 =2 |*
s a ] R
25|82 1 =
- 9 's 3 n 1
=3 E —
H (51 ; . I - L
1 ==
o I i
] 3 B —
1 A 1
H B
i M ll 1 :
s Only radiolaria and diatoms (present) found in
CC E ety L acid residues of coarse fractions. elullile i
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sITe: 158 HOLE: core;: 30 Cored Interval: 261-270 m
AGE = ® WICROFOSSIL PHYSICAL PROPERTIES
= 3 = Eine Frek 3 Tues; 1 1 hown by trisngles
o ZONE o 5 3 = E E g GRAPE values; laboratory values s by triang
i § g 9 Etﬂ a g c E
& |E 2 = = % 5|8 8 2|2 RATURAL GAMMA WET BULK DENSITY? GRAPE POROSITY SONIC VELOCITY
& lelelslEI5 £ |Blge DESCRIPTION % CaC0s (Counts/7.6 /1.5 win.) (arcc) ; tc veLoc
ElZ2|E|aln T |5§wle 50 [ 100 10 1.0 15 20 25 3.0 50 100
. T o dealiog 11 | | | | 1 0 A 5 |
] : : Nannofossil chalk, foraminifera, radiolaria and
] diatoms present; yellowish gray, medium 1ight
== = . gray mottles increasing down core to abundant
% T * in lower half; also scattered grayish yellow aln
11 == * green mottles. Pyrite (fine) ubiquitous; dark
|_~ y— glass and palagonite present,
i | 1 - i w
b | A A
: L < I r
1 '
: 1 . L / ==
2_: T— l
o L i
: 2 I “ i
El==2
1 BE=
i b 2 £ n s N i ?
=z |s8la|8] 1 BE== 3
e ;_:, w | &8 - I 1
[&] g - i 3 M
S 5% 8], =
= 3| 8|47 ==
R TR e === 17
= ] b
o |2 § e 1 = .
= .§ a3 o ST 2 cm black pyritic Tump
= o] 3 % ] - : . m
8 5] B
] r— [
: 4 m 1 : 1 //
— L
= =
-1 B I L L
] =
v r - I
7
—- L
8 : - n
-1 I
= :‘- 0.8 on coherent pyrite nodule
E 1 : I
' I
o Dark glass, palagonite and glauconite present.
cc n L
ot * apﬂjii

€6l
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SITE: 158 HOLE: core: 31 Cored Interval: 270-279 m
©» MICROFOSSIL PHYSICAL PROPERTIES
AGE £ wla %I Abund/Pres A
ZONE o % E =lE E] 2 GRAPE values; laboratory values shown by triangles

a szl S (555 5| E|3
= w
& El8 El=l 2 |58e = HATURAL GAMMA VET BULK DENSITY? GRAPE POROSITY
G Elglgl&lg £ |BE % DESCRIPTION % CaC0, (mme sl M 4 . e VELocITY

i 2 = ] = = P - vt PO 90 L1 R NN .

i 1 B * Alp 1.5

y £ I Nannofossil chalk, foraminifera, radiclaria and
2 E 2] 8 — 1 diatoms present, also silicoflagellates;
é Y £ g I yellowish gray; pyritic medium 1ight gray F
o g g g 11 | motties; also scattered yellowish to light
= | 5]« 2 - T — olive gray mottles. Dark and 1ight glass,
= 5| 8. 13 * palagonite and feldspar present.
w8 gle| 4 vo1o
~EEAR 1R 1 b=
a |2 g g ] ot
- = -
= |3 5| cc - : Feldspar, palagonite, dark glass and glauconite

" " present in acid residue. clolalulals

8S1 ALIS




SITE: 158 HOLE CORE: 32 Cored Interval: 279-287 m

AGE MICROFOSSIL PHYSICAL PROPERTIES

Abund/Pres

*GRAPE values; laboratory values shown by triangles

ZONE

SERIES

S mear Slide
Paleo. sample
Nanno
ad

. Foram

NATURAL GAMMA WET BULK DENSITY®
(Counts/7.6 ca/1.5 min. ) {ofec) ERJeE. FoRasITY soufc veLgerTy
sec

DESCRIPTION

DEPTH (Meters)

SECTION
Disturbance

Foram
Nanno

Rad
LITHOLOGY

1
¥o 1.0 15 20 2.5 3.0 50
)0 100
I G T | 1 | | I T Y I

3

MIDDLE MIOCENE

voro

H

G. mayeri

Nannofossil chalk, radiclaria common to A
present, foraminifera and diatoms present,
* medium greenish gray and yellow gray, with

7 pale yellow green and moderate greenish gray
mottles, medium 1ight gray pyritic streaks
and mottles. Dark and 1ight glass and
feldspar present.

e lygoaldeags

r~a

HH

R ELE R EL R R
~

)

Discoaster exilis

Cannartue ? pettergaoni

dark glass. Much water seepage after cutting.

F-4

praada v b n il o leovalsssalaiialiseg

Globorotalia fohsi robusta

Pyritic volcanic ash, black, both 1ight and \

=a= - F
%

3 cm diameter solid pyrite nodule

Same nannofossil chalk as top of core;
numerous medium 1ight gray pyritic streaks
and Tumps.

an

Dark and 1ight glass common, feldspar and rare
pyroxene present, glauconite present in acid
«| residue. clglalmcim

Ll H L EFE

(=]
L]

S61
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SITE: 158 HOLE: CORE: 33 Cored Interval: 287-296 m
= PHYSICAL PROPERTIES
I T [
ZONE = 5 E § E— E g PGRAPE values; laboratory values shown by triangles
& Bl 2 |Eg° 5|5|2
x |g|g =l o |5&le w| = ATURAL GAMMA WET BULK DEMSITY® GRAPE PORDS
& (SlelelElGl E |F8 8 DESCRIPTION % CaCls (counts/7.6 cn/1.5 win.) {s/cc) s SonLC vELOcTY
Sl=z|x| alhl I |8lwvla 50| 100 x10 1.0 1.5 20 25 3.0 50 i
W Bl F I R | 1 | I O O
b V01D
= 1 1
. L Nannofossil chalk, foraminifera, radiolaria,
11 M= diatoms and silicoflagellates present, grayish
1 == to dusky yellow green; yellowish to light
§ 14 B i olive gray and medium grayish green mottles; AlM
w |2 o 1 -y distinctly better indurated than previous cores.
, - 1 1
é E ¥§ g i M o White nannofossil chalk 4 om thick; few pale
S % gl g : : : N green mottles. Ubiquitous fine pyrite.
= [5]5]3] 4 T
w | 2o 23 : 1 : :
3 (3|8 g 1, =
2|82 12
= 51%8 4 B
L4 ] - 1 i
n i =
i
e Dark glass, palagonite, glauconite present in
CC =—— acid residues. Also rare feldspar and pyroxene.
1 e b AIMIAIG
SITE:158 HOLE: CORE: 34 Cored Interval: 296-305 m
T MICROFOSSIL PHYSICAL PROPERTIES
AGE E a2 ﬁbuncd,PPris
ZONE - - |8 ﬁ E‘ S AGAAPE values: laboratory values shown by triangles
2 =z S |57 SIE|B
g 15 = o| m|x
x |g| 8 =l 2 |5l8le w= NATURAL SAMMA MET BULK DENSITY® T TOREETT
@ g 5| ® E E % 2 E % DESCRIPTION 5 Cactly ::mw!-inn:;lli i 1.0 1.5 “;L;] 2.5 3.0 ;u 100 m}ﬁv‘f:ﬁ'"
e e e B ) I S ) ) o PR ] | AN EENE [
i 1 M
u- sl 1 | voro
= 2l g 8
o |8 £ = .
8 E % 3 ] — '//’ » |« | Nannofossil chalk; foraminifera, radiolaria and alMlc|s
— 12 - 1 1 » . u
8 b+ | / #  diatoms present, mostly homogenized, but small
=715 13 N undisturbed pieces are greenish to dusky yellow
- i; § - ] ] - ‘/ green with yellowish to Tight olive gray
2 |58 ;¥ 5 Py mottlies. Fine pyrite is present in smear slide.
=) 3 g g E — 4 om fragment of chert, yellowish to light olive
= |- o e —_t gray, with yellowish gray mottle.
= » | Same chalk and chert. ‘ AIPIFIM
Palagonite and glauconite common, dark glass,
feldspar and pyroxene present.

8S1 ALIS



s1TE:158 HOLE: CORE: 35 Cored Interval: 305-314 m
= MICROFOSSIL
A% g ol e % Abund/Pres
0N | B| | = |88 0
@ o |2I=2|E E|l2
4] El=z| o |sl&|S SlelB
— o = || S| m |
S EIEIEE 2 |25 il
v |2 siglyiel E (BEs DESCRIPTION % CaC0;
uo_ Z|x| O (v pur] [=] 1] (=5 il |50| " |]uo
L Catcher sample only.
ik .| ¢ =
.3 g A1 I *
] § - Siliceous limestone and chalcedonic chert;
g ERR § Timestone light olive gray and olive gray,
=@ el thinly bedded. Chert olive black, chalcedonic.
= | § T Limestone is nannofossiliferous micrite
w | a 8 with few forams.
REEE:
(=] X E g
= |°|5]8
CIGJAPCFIM
sITe: 158 HOLE : CORE: 36 Cored Interval: 314-323 m
w MICROFOSSIL PHYSICAL PROPERTIES
AGE g il Abund/Pres
ZONE o > | 8|88 =) *GRAPE values: laboratory values shown by triangles
o |8=2(E El2
@ slgl S |g7)® g|5|2
= | el2 = 2 |5|8a w|= NATURAL GAMMA WET BULX DENSITY® CRAE PORGEITY
th g sl= E E % » g % DESCRIPTION % CaClj tcmmr.sn::!n.s win.) o “:C;) e e ¥ . g YRLoEITY
EZx| 2 — |Bwia wd il J99 T ek i el EREARNEE
= ol B 3 1 Chalk, grayish green, with medium olive gray
g g bl i B mottling separate 2-8 cm fragments. At 98 to 103,
o |lallle J VoID piece of chalk has Basal 0.5 cm thickness of
= |2]|]|8 s chert, dusky yellow green. At 122, 2 2 cm
= |08 o 11 fragments of mottly chert, medium and dusky
Hiltl= 2 - T yellow green. 145 to 150, Basalt, aphanitic,
= § 14 E — *- equigranular, bottom surface of 1 piece Tined APg
= 3 ,§ g 1 B ] L with crystalline calcite. Augite Basalt. AP Ip Pd
= 3 1 E= * AlM
== IO Same chloritized or serpentinized Augite basalt.

L6l
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