4. SITE 496: MIDDLE AMERICA TRENCH UPPER SLOPE!

Shipboard Scientific Party?

HOLE 496
Date occupied: 30 May 1979
Date departed: | June 1979
Time on hole: 55.4 hr.
Position: 13°03.82"'N; 90°47.71'W
Water depth (sea level; corrected m, echo sounding): 2049
Water depth (rig floor; corrected m, echo sounding): 2059
Bottom felt (m, drill pipe): 2064
Penetration (m): 378
Number of cores: 40
Total length of cored section (m): 378
Total core recovered (m): 199,35
Core recovery (70): 52.7

Oldest sediment cored:
Depth sub-bottom (m): 378
Nature: Mudstone
Age: Early Miocene
Basement: Not reached

Principal results: Drilling penetrated only 378 meters in the Guate-
malan midslope, about 500 meters short of target—a landward-
dipping reflector at the top of a high-velocity body (Ladd et al.,
1978; Ibrahim et al., 1979), Samples from Site 496 indicate two
lithostratigraphic sequences. The uppermost 226 meters of sedi-
ment comprise a Quaternary biogenic mud that drapes the under-
lying section of semilithified sandy mudstone deposited in the Plio-
cene to Miocene. Both units are rich in terrigenous detritus and
contain some volcanic ash and lignite. Sediments of the upper unit
are underconsolidated, whereas those of the lower unit are over-
consolidated. Gaseous hydrocarbons are abundant at the site; the
methane/ethane ratio decreased abnormally fast, and in the last
three cores heavier components appeared. That evidence for prox-
imity to petroleum and the possibility of encountering high in situ
gas pressure forced us to abandon the hole.
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BACKGROUND AND OBJECTIVES

Site 496 is on the upper part of the Middle America
Trench slope in about 2050 meters of water, 4000 meters
above and 47 km landward from the trench axis (Fig. 1).
Multichannel seismic record GUA-13 (Fig. 2) shows two
strong reflectors at this site. The upper one, about 0.05 s
below the seafloor, parallels the slope topography and is
interpreted as the base of the slope deposits. The lower
one, sloping landward, could be related to the top of a
landward-dipping igneous rock layer, because it is asso-
ciated with a high magnetic anomaly and a seismic ve-
locity of 5.3 km/s.

A major objective at Site 496 was to sample the land-
ward-dipping reflector D (Fig. 2). High seismic velocity
suggests that rock lies beneath that reflector. Site 496 is
one of the few places where high velocities were record-
ed in the available network of seismic records. Although
other sites were supposed to serve as a continental refer-
ence section, loss of time at the beginning of the leg dic-
tated that Site 496 serve this purpose.

The stratigraphic sequence expected from the infor-
mation at hand was conjectural. The age of the layered
slope deposits should be Neogene. The amplitude and
dip of seismic reflections suggested division into a Plio-
cene-Pleistocene sequence and a Miocene sequence; the
base of the lower sequence is discordant and seems
transgressive. The Upper Cretaceous, perhaps an equi-
valent to the Cretaceous rocks covering the Nicoya Com-
plex in Costa Rica, was expected below an unconfor-
mity. Information about the Cretaceous facies would
have been very helpful in interpreting the Cretaceous
rock found at Site 494.

If igneous rock had been recovered at this site, we
might have established the relation of the present slope
and trench to the past episode of subduction. Moreover,
if the lowest strong reflector is the top of a mafic-ultra-
mafic rock analogous to the Nicoya Complex, land ge-
ology might have been more precisely related to conti-
nental slope structure. Even if the rock were not of Ni-
coya affinity, we would have gained a better understand-
ing of the relations between the tectonic edifice known
on land, the active continental margin, and the ocean
crust—in short, the relations between subduction and
orogenesis.

OPERATIONS

Glomar Challenger departed from Site 495 on May
30, at 0246L (Local Time), steaming over the beacon at
Site 494 to get a position. Seismic line GUA-13 was used
as the reference for navigation during steaming and site
location.
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Figure 1. Location map and cross section showing position of Site 496.

Site 496 is located on the trench upper slope. That
slope dips seaward at 4°, just enough relief to allow po-
sitioning using PDR (precision depth recorder) bathym-
etry and the seismic records. The beacon was dropped
on 30 May, 0806L, but the ship continued on the same
course in order to complete the seismic record and to
find the best position for the hole. Glomar Challenger
turned back and took its position 1500 feet north of the
beacon on May 30, 0920L.

Forty cores were recovered (Table 1) before the hole
was abandoned and cemented due to quantities of gas

at the safety limit. No logging was accomplished, and,
after pulling the drill string, we proceeded seaward to
Site 497.

LITHOSTRATIGRAPHY

At Site 496 we intended to sample both an apron of
slope sediments and underlying sediment and rock rep-
resented by landward-dipping seismic reflectors. The site
was terminated in lower Miocene mudstone at a sub-bot-
tom depth of 378.0 meters, 500 meters short of our goal.
The section penetrated has been divided into two litho-
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Figure 2. Portion of multichannel seismic profile GUA-13 showing location of Site 496. (See the Geophysics section for an explanation of letters

A-D.)

Table 1. Coring summary for Hole 496.

Depth from Sub-bottom Length Length
Date Local Time Drill Floor Depth Cored  Recovered  Recovery

Core No.  (May-June, 1979) (L) (m; top-bottom)  {m; top-bottom) (m) (m}) ()
1 30 1653 2064.0-2071.5 0.0-7.5 1.3 7.2 96
2 30 1737 2071.5-2081.0 71.5-17.0 9.5 7.64 BO
3 30 1817 2081.0-2090.5 17.0-26.5 9.5 6.88 7
4 30 15905 2090.5-2100.0 26.5-36.0 9.5 0.0 0
5 3o 1958 2100.0-2109.5 36.0-45.5 9.5 5.69 60
6 30 2048 2109.5-2119.0 45.5-55.0 9.5 6.20 6S
7 0 2132 2119.0-2128.5 55.0-64.5 9.5 190 41
8 o 2218 2128.5-2138.0 64.5-74.0 9.5 2.84 k]
9 10 2311 2138.0-2147.5 74.0-83.5 9.5 5.51 58
10 3 0000 2147.5-2157.0 $3.5-93.0 9.5 7.95 B4
1 11 0100 2157.0-2166.5 93.0-102.5 9.5 1.57 a7
12 3 0145 2166.5-2176.0 102.5-112.0 9.5 4.84 51
13 k1| 0235 2176.0-2185.5 12.0-121.5 9.5 158 18
14 L 0330 2185.5-2195.0 121.5-131.0 9.5 3.08 1
15 31 0425 2195.0-2204.5 131.0-140.5 9.5 5.07 53
16 k)| 0510 2204.5-2214.0 140.5-150.0 9.5 1.36 14
17 11 0551 2214.0-2223.5 150.0-159.5 9.5 2.30 24
18 £3 0630 2223.5-2233.0 159.5-169.0 9.5 012 1
19 1 0730 2233.0-2242.5 169.0-178.5 9.5 2.38 28
20 1 0820 2242.5-2252.0 178.5-188.0 9.5 2.57 27
21 &} | o910 2252.0-2261.5 188.0-197.5 9.5 9.38 99
2 b]| 1000 2261.5-22711.0 197.5-207.0 9.5 6,42 68
21 i 1056 2271.0-2280.5 207.0-216.5 9.5 5.89 62
24 k]| 1200 2280.5-2290.0 216.5-226.0 9.5 5.54 58
25 1 1307 2290.0-2299.5 226.0-235.5 9.5 6.50 68
26 k1] 1359 2299.5-2309.0 235.5-245.0 9.5 6.28 66
27 1 1453 2309.0-2318.5 245.0-254.5 9.5 7.91 83
28 1 1554 2318.5-2328.0 254.5-264.0 9.5 4,78 50
29 k| 1649 2328.0-2337.5 264.0-273.5 9.5 8.85 93
0 £} 1753 2337.5-2347.0 273.5-283.0 9.5 9.53 100
k]| 31 1855 2347.0-2356.5 283.0-292.5 9.5 g 33
2 k]| 1958 2356.5-2366.0 292.5-302.0 9.5 0.0 ]
LE] E]| 2115 2366.0-2375.5 302.0-311.5 9.5 B.45 29
34 k)| 2221 2375.5-2385.0 311.5-321.0 9.5 6.47 68
15 k] 2324 23B5.0-2394.5 321.0-330.5 9.5 7.09 15
16 | 0057 2394.5-2404.0 330.5-340.0 9.5 8.65 82
” | 0200 2404.0-2413.5 340.0-349.5 9.5 0.43 4
38 1 0330 2413.5-2423.0 349.5-359.0 9.5 1.93 20
19 I 0625 2423.0-2432.5 359.0-368.5 9.5 4.04 42
40 I 9.5 4.56 48

0B1S 2432,5-2442.0 168.5-378.0
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stratigraphic units (Fig. 3). Clay- and silt-rich muds give
way downhole to sandier mudstone locally containing
granule- and small-pebble-size clasts of glauconite grains.

Unit 1 (Cores 1 to 24; 0.0-226.0 m sub-bottom
depth; Quaternary)

This massive unit is predominantly dark olive gray

(5Y 3/2) biogenic mud, soft enough that drilling trans-
forms layers into swirls and mottles. The terrigenous
component of the sediment is dominant and consists of
clay minerals and minor contributions of volcanic glass;
the biogenous contribution is secondary and consists of
nearly 50% diatoms and nannofossils. The total amount
of biogenic debris (including foraminifers and sponge
spicules) varies, but diatoms predominate above Core
13 and nannofossils below. Cores 9, 10, and 12 each
contain spotty concentrations of foraminifers. Light to
dark gray and pale olive layers of vitric ash are common
in Cores 1 to 12 and less abundant below, but all have
been deformed into streaks and irregular blobs.
. When split, Cores 1 to 3 and 21 smelled of H,S. Most
of the other cores showed degassing phenomena, such
as small tension cracks and broken and unbroken bub-
bles on slices surfaces.

The contact of Units 1 and 2 is placed at the top of
Core 25, although it cannot be precisely located because
of poor recovery and drilling disturbance in Sections 1
to 3 of Core 25. The lithologic change used as a basis for
differentiating these units is gradational. The propor-
tion of sand-size grains increases in those sections of Core
25, and sand is particularly abundant in Section 3 where
it constitutes up to 60% of the mud. The remainder of
the sediment is mostly pebble-size grains of glauconite.
The proportion of biogenic debris decreases below Core
23, but this trend is reversed in Unit 2.

Unit 2 (Cores 25 to 40; 226.0-378.0 m
sub-bottom depth; Pliocene to early Miocene)

This unit comprises biogenic, olive gray (5Y 4/2) and
dark olive gray (5Y 3/2) mud and sandy mud. Overall,
Unit 2 resembles Unit 1 in color, but its average grain
size is slightly coarser. It contains biogenic, authigenic,
eolian, and terrigenous components. The total amount
of diatoms and nannofossils and their relative propor-
tions vary from core to core. Dark bluish green (5G
4/2), subrounded clasts or fragments of glauconite up
to 5 mm in diameter are distinctive constituents of the
sandy mud in Cores 25 to 31, 33, and 34. Medium to
dark gray ash patches and a few hard, light gray, pumi-
ceous clasts are distributed sporadically through Unit 2;
the biogenic mud itself typically contains 15% or less
vitric ash. The only unusual sediment in this unit is an
intraformational conglomerate in Section 1 of Core 31.
This pebbly mudstone contains clasts up to 1 cm of
glauconitic mudstone, dark olive mudstone, and light
gray limestone. It appears to be normally graded and
has a sharp lower contact with grayish olive mud. Other
notable features in Unit 2 include a thin lignite lamina in
mudstone of Core 38 and baked wood fibers in Core 39.
The only sedimentary structures noted in the unit are
minor burrowing and bioturbation, and there are fine
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parallel laminations in Core 34 and 40. However, drill-
ing deformation is moderate to intense throughout Unit
2, and it is unlikely that many sedimentary structures
would have survived. Degassing features were again
noted in Cores 38, 39, and 40. Gas pressures were SO
high in Core 39 that much of its contents blasted out of
the liner, prompting the decision to terminate the hole.

The Quaternary/Pliocene boundary at Site 496 can-
not be located precisely, therefore the uppermost part of
Unit 2 in Core 25 may be Pleistocene. Paleontologic evi-
dence (see the section on Biostratigraphy) suggests that
there may be hiatuses in Unit 2, but, as emphasized
above, the only distinctive or abrupt lithologic change is
from ordinary mud to pebbly mudstone in Core 31.

In summary, Units 1 and 2 both consist predomi-
nantly of dark olive gray biogenic mud and minor layers
of vitric ash; Unit 2 is locally sandier and contains glau-
conite. Sedimentary structures diagnostic of depositional
environments and mechanisms are not present, but the
terrigenous, volcanogenic, and pelagic biogenic constit-
uents are compatible with a landward trench-slope en-
vironment since the early Miocene. Upwelling is indi-
cated by abundant diatoms and glauconite and contents
of organic carbon as high as 4% (see the Geochemistry
section).

Cores from Hole 496 display the typical downward
progression of drilling-induced structures that can be
used as an arbitrary measure of the degree of lithifica-
tion or induration of sediment. Soft mud in Cores 1 thru
28 is swirled and mottled, drilling biscuits of more con-
solidated mudstone first appear in Section 5 of Core 29
(about 270 m sub-bottom depth), and well-developed
biscuits are abundant in Cores 30 to 40. An in situ, semi-
penetrative, deformational structure — ‘‘veining’’ —is
preserved in biscuits in Cores 29 to 37. Individual veins
are typically less than 1 mm thick and separated from
adjacent, subparallel veins by 1 to several millimeters.
Veins are generally oriented vertically, and some are sig-
moidal. The sediment filling veins is darker than the sur-
rounding mud, but postcruise petrographic analyses did
not reveal any obvious mineralogical differences. Platy
phyllosilicates within veins have an imperfect preferred
orientation subparallel to vein walls. These structures
are interpreted as recording the brittle response of par-
tially lithified mud to in situ postdepositional stresses.
They probably facilitated further dewatering of the sedi-
ment. Similar structures occur in cores from Site 497.

PHYSICAL PROPERTIES

Bulk Density and Water Content

Bulk density began at 1.42 Mg/m?, decreased to 1.25
Mg/m3 (Core 5), then gradually increased through the
next 200 meters to 1.40 Mg/m3, A sudden increase in
density occurred between Core 24 and Core 25 (corre-
sponding with the Quaternary/Pliocene boundary). The
increase, although abrupt, was hardly spectacular, go-
ing from 1.40 Mg/m?3 to about 1.54 Mg/m? and remain-
ing at that value to the bottom of the hole (Fig. 4).

Water content (Fig. 5) shows a rapid and expectable
decrease within the first 20 meters, followed by a slow
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and gradual decrease to 225 meters (Core 24). Across
the Quaternary/Pliocene boundary, water content de-
creases to about 60%, and beyond 240 meters little vari-
ability is noted.

Bulk density and water content were determined from
rock chunks when it became impractical to sample using
standard gravimetric techniques. In the measurement of
bulk density, rock-chunk samples provide a higher value
than the GRAPE. This disparity is to be expected, in-
asmuch as the GRAPE value represents the density of
the mass within the core liner (including voids and frac-
tures), whereas the rock-chunk technique uses samples
selected specifically for their lack of such features.

An even larger difference is shown in the water con-
tents. The rock-chunk technique provides a much lower
value than the GRAPE. However, it is believed that the
rock-chunk technique is a conservative measure, due to
the inability of the technique to remove all the inter-
stitial water from the sample. The true water content
probably lies somewhere between the rock-chunk and
GRAPE values.

Two lithologies are shown by variations in bulk den-
sity and water content. They are Unit 1, an upper dia-
tom to nannofossil ooze extending to 240 meters, and
Unit 2, a coarser-grained, organic semilithified sandy
mudstone,

Sound Velocity

Sound velocity measurements could not be made be-
cause of attenuation within gas voids and fractures.

Shear Strength

Figure 6 is a plot of shear strength for Hole 496. Data
plotted include the average value for each core and the
largest value, usually obtained from the base of the last
core section.

From the mud line to 50 meters sub-bottom depth,
shear strength remained nearly constant and exhibited
little variation. Shear strength increased irregularly at 60
meters (Core 7) to an average of 35 kPa at 130 meters
(Core 14), which was maintained to 240 meters (Core
25). Large variations of shear strength characterize the
interval, which was composed entirely of gas-charged
sediments. The overall impression that emerges is that
complete disturbance of varying degrees exists through-
out the entire gassy interval, and all values of shear
strength should be considered as remolded, with the
possible exception of the maximum values taken at the
base of the last cored section. The increase in shear
strength across the lower/upper Pliocene interval at 240
meters is real, however, and indicates that either an un-
conformity or a surface of nondeposition exists at that
level. Table 2 summarizes Site 496 physical properties.

GEOPHYSICS

The purpose of drilling at Site 496 was to sample rock
from a landward-dipping reflection seen in seismic re-
flection record GUA-13. This reflection coincides with
the top of a seismic refraction unit having a velocity of
5.8 km/s—a velocity common in igneous rock. The pres-
ence of such a landward-dipping body of igneous rock

SITE 496
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Figure 6. Shear strength versus sub-bottom depth at Site 496.

raises the interesting possibility that an imbricate slice
had accreted oceanic crust to the margin. Drilling at Site
496 was an opportunity to test this possibility.

We may interpret seismic record GUA-13 by examin-
ing Figure 2. Above the landward-dipping reflection, D,
is a wedge of poorly reflective material, C. Both C and
D appear to be truncated and are overlain by B, which is
in turn unconformable with A.? Using a velocity of 1800
m/s, we see that drilling to a sub-bottom depth of 378
meters penetrated 0.42 s sub-bottom on the seismic sec-
tion. The upper Miocene zone of slow sedimentation or
hiatus at the sub-bottom depth of 270 meters would

3 Since this study, the record in Figure 2 has been reprocessed and the boundary between
B and C is shown to be a reflection from the base of the gas hydrate zone (see von Huene et
al., this volume).
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Table 2. Physical properties, Site 496.

GRAPE

Sample Wet-Bulk  P-Wave Acoustic Shear ‘Water
(core-section, Density  Velocity Imgud;mu‘ Strength Content Parosity
interval [em]) lMg.’m:‘] (km/s) (% 103g/emes) (kPa) (Fo dry wt.)  (vol. o)
1-1. 96-99 1.46 — — 8.04 141.2 78.5
1-4, BO-E4 1.40 — 9.58 125.2 T76.3
2-1, 130-132 a= == - 9.67 101.0 2.4
2.2, 130-134 1.38 — 14.74 125.7 75.7
2-3, 130-134 — — - 11.87 110.3 74.1
24, 108-110 1.42 - — 12.06 109.7 74.0
2-5, 128-132 — - — 14.17 100.7 72.3
3-1, 90-92 — — 9.95 110.8 74.2
3-3, 98-102 137 — - 11.49 101.6 724
3-5, 135-137 1.40 - ~ 13.60 103.8 729
6-4, 138140 1.36 - — 10.24 — —
6-5, 110-112 - — -_ 11.01 920.9 70.2
7-1, 116-120 1.33 —_ - 543 98.5 718
72, 9%0-94 1.30 - — ER-X] - —
B-1, 70-74 1.45 — - 9.96 102.0 2.4
8-2, 70-74 1.40 —_ - 16.27 — —
9-1, 108-110 - — — 5.93 80.7 67.7
9-2, 20-24 1.36 — — 4.30 — —
9-5, 70-75 — — — 5.36 104.4 72.9
10-2, 103-106 1.44 — — 9.19 89.9 69.8
10-3, 10-14 — - — 7.27 e —
10-5, 80-84 1.40 — — 5.9 89.4 69.9
11-1, 100-103 1.41 — 13.40 97.0 71.5
11-2, 100-103 1.35 - — 5.74 — -
11-3, 30-33 —- — 5.36 101.0 2.4
12-2, 22-26 1.44 - — 9.76 84.0 68.5
12-5, 20-25 1.48 - - 12.92 89.5 69.9
12-6, 90-95 1.47 — — 40.69 — =
13-2, 70-72 1.41 — - 23.94 94.8 7.1
14-2, 100-102 1.57 - — 33.51 86.2 65.0
15-2, 100-102 — - 12.45 92.9 T0.6
15-5, 95-97 — - — 8.72 89.3 69.8
16-1, 120-122 1.52 — - 55.54 89.4 69.8
17-1, 80-82 1.44 - - 9.58 90.9 70.2
19-3, 75-78 - e —_— 30.64 86.2 68.9
20-2, 102-104 1.47 — — 3591 89.7 69.9
21-5, BO-82 — - — 9.00 105.9 73.2
21-6, 138-140 — - — 8.80 99.9 67.3
22-6, 100-102 1.53 - — 47,88 B7.0 652
23-4, 118-120 — — - 28.713 75.6 66.3
24-5, 138-140 1.42 - — 15.32 734 65.5

have occurred 0.34 s sub-bottom on the seismic section,
or at the contact between A and B on seismic section
GUA-13. Drilling indicates that A is an unconsolidated
Quaternary and Pliocene section that overlies a similar,
but semiconsolidated, Miocene section, B. Other corre-
lations cannot be ruled out until better velocity data are
available,

Two single-channel records were made from the Chal-
lenger, the first as the ship came on site and the second
as it departed (Figs. 7 and 8, respectively). The first pro-
file indicates the disconformable contact between A and
B, the same pattern recorded in multichannel profile
GUA-13 (Fig. 7). The second record was made along a
line 400 ft. east of the beacon and resembles profile
GUA-18 except that diffractions obscure the B area (Fig.
8). These observations suggest that Site 496 penetrated
the side of a local high composed of Miocene and per-
haps Pliocene sediment.

BIOSTRATIGRAPHY

Drilling at slope Site 496 recovered a thick sedimen-
tary sequence ranging from lower Miocene to the Qua-
ternary (Fig. 9). Cores 1 through 24 contain hemiter-
rigenous diatomaceous nannofossil mud with Quater-
nary foraminifers, radiolarians, and nannofossils. Plio-
cene microfossils were found in Cores 25 to 26. Typical
upper Miocene assemblages were identified only in Core
28, whereas Cores 29 through 31 have been placed in the
middle Miocene. Cores 33 through 40 are assigned to the
upper part of the lower Miocene.
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A hiatus possibly exists in the lower Pliocene of Core
26 (Fig. 10). A change in physical properties in Section
496-26-3 is accompanied by abrupt truncation of foram-
iniferal ranges.

Benthic foraminiferal indications of paleodepths sug-
gest shelf depths in Cores 40 and 39, upper bathyal
depths in Cores 38 to 34, and middle and lower bathyal
depths above Core 33 (see Fig. 11 and Table 1). Nanno-
fossil preservation is in accord with these data.

Foraminifers

The first 225 meters of Hole 496 (Cores 1 to 24) con-
sist of a monotonous Pleistocene foraminiferal fauna,
occasionally showing a weak response to Quaternary
climatic fluctuation. Planktonic faunas are dominated
by abundant Neogloboquadrina eggeri, N. subcretacea,
and Globorotalia menardii, along with common Globi-
gerinoides ruber, G. sacculifer, and lesser abundances of
other tropical species. Pink G. ruber occurs first in Core
7, Section 3, providing an approximate age of 130,000
yr. (on the basis of the disappearance of the species
120,000 yr. ago). Cool climatic conditions are inferred
by the presence of Neogloboquadrina pachyderma, Glo-
borotalia inflata, and by generally good preservation of
the samples (interglacial stages depict relatively great-
er dissolution of foraminiferal sediments than glacial
stages). Coiling directions of Pulleniatina are dextral
until Core 22, Section 3, indicating the separation of
Brunhes from Matuyama. Benthic foraminifers are typ-
ical of lower bathyal depths (1600-3000 m), suggesting
that the observed fauna is in place. Common members
of the fauna include Globobulimina pacifica, Uvigerina
peregrina, U. senticosa, Planulina ornata, Bulimina af-
finis, B. barbata, B. pagoda, Cibicides mckannai, Melo-
nis spp., and Hoeglundina elegans.

Cores 25 to 27 are placed in the Pliocene. Core 26,
Section 3 contains a representative lower Pliocene as-
semblage, identified by Globorotalia exilis, Neoglobo-
quadrina humerosa, Globoquadrina altispira, and Pul-
leniatina primalis (dextral). The benthic fauna is similar
to that of the Quaternary.

Core 28 is identified as upper Miocene because of the
presence of Globorotalia plesiotumida and Globogua-
drina venezuelana; the benthic fauna resembles those
above but also contains the agglutinated form Martinot-
tiella communis. M. communis was the only individual
found in Core 29, Section 3 dated by radiolarians and
nannofossils as middle Miocene. The persistence of this
agglutinated deep-water species where no calcareous
shells occur suggest lower bathyal or abyssal conditions
below the CCD at the time of deposition.

Martinottiella is also present in Core 30, Section 3,
dated as middle Miocene. Here, however, it is accom-
panied by lower bathyal forms such as U. hispida, U.
senticosa, and Stilostomella. Middle Miocene plankton-
ic foraminifers include Globorotalia continuosa, Orbu-
lina suturalis, and Globoquadrina langhiana.

The remaining samples from Hole 496, Cores 31
through 40, are placed in the lower Miocene. Typical
planktonic species include abundant G. langhiana, G.
altispira, G. ruber, G. venezuelana, and Globigerinoi-
des trilobus sacculifer, and Globorotalia siakensis. As
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Figure 7. Seismic reflection profile across Site 496.

previously outlined, benthic foraminifers show a pro-
gressive shoaling downsection: Cores 31, Section 3,
through 33, Section 5, contain middle bathyal (600-
1300 m) indicators such as Lenticulina, Sphaeroidina
bulloides, Valvulineria, Bolivina, and Rectuvigerina; be-
low Core 34, Section 1, upper bathyal (150-600 m) spe-
cies occur such as Textularia, Siphonina, Stainforthia,
Angulogerina, and Nonionella labradorica; Samples 496-
39,CC and Section 496-40-1 contain the shelf species
Rectobolivina hancocki and Frondicularlia sp. along
with abundant plant debris and ostracodes.

Radiolarians

Radiolarians are moderately well preserved in all
cores of Hole 496, although the assemblages were often
very diluted by terrigenous mud. Cores 1 through 23
contain Quaternary radiolarians, Axoprunum angeli-
num, extinct 400,000 yr. ago, was first noted in Sample
496-16-1, 30-32 cm. Cores 22 and 23 are considered to
be in the lower Quaternary Anthocyrtidium angulare
Zone because of the presence of A. angulare and Theo-
corythium vetulum.

Radiolarians are rare in Cores 24 through 26, but
there are occurrences of Didymocyrtis penultima, D.
laticonus, and Stichocorys delmontensis; these are Mio-
cene to Pliocene forms and are probably reworked.

The presence of D. penultima, D. avita, and S. pere-
grina places Core 27 in the upper Pliocene Spongaster
pentas Zone.
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A sample from Core 29 contains a sparse assemblage,
but the specimens present are in good numbers and are
diagnostic of the middle Miocene Diartus petterssoni
Zone. This short zone includes the interval from 10.7 to
11.2 Ma. The diagnostic species are: D. petterssoni in
greater numbers than D. hughesi, D. laticonus in greater
numbers than D. antepenultima, and Stichocorys del-
monltensis.

Sample 496-30-3, 45-47 cm contains several speci-
mens of Lithopera thornburgi, a short-ranged species
from the upper part of the middle Miocene. In this sam-
ple, radiolarians are common and well preserved and in-
dicate the Dorcadospyris alata Zone.

Cores 31 through 40 are all probably from the Calo-
cycletta costata Zone of the lower Miocene. Although
C. costata is rare, the presence of Dorcadospyris den-
tata, Liriospyris stauropora, Eucyrtidium diaphanes,
Carpocanopsis cingulata, and Didymocyrtis violina in
greater numbers than D. tubarius and the absence of
Lychnocanoma elongata indicate the D. costata Zone.

Nannoplankton

Hole 496 nannoplankton are well preserved. The
amount of nannoplankton ranges from rare to abun-
dant; the usual abundance is few to common.

The interval from Core 1 to Core 24 contains typical
Quaternary assemblages. In Cores 13, 16, and 19 very
rare reworked Neogene discoasters are present (Disco-
aster brouweri, D. quinqueramus, D. deflandrei).
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Core 25 to Sample 496-26-3, 30-32 cm are placed in
the lower Pliocene Discoaster brouweri Zone. That as-
semblage includes D. brouweri, D. pentaradiatus, D.
variabilis, C. rugosus, and others. The assemblage of
Sample 496-26-3, 67-69 cm belongs to Reticulofenestra
pseudoumbilica Zone and is remarkable for the pres-
ence of small sphenoliths.

Assemblages of Cores 27 to 28 contain D. intercala-
ris, D. berggrenii, D. quinqueramus, D. variabilis, D.
brouweri, D. surculus, and other species of the upper
Miocene D. quinqueramus Zone.

The interval from Cores 29 to 30 contains a single
sample (496-30-2, 40-42 cm) with pure nannoflora. This
sample may belong to the Discoaster exilis Zone (middle
Miocene).

The lowermost part of Core 30 (Sections 7, 8 and the
core-catcher sample) corresponds to the Sphenolithus
heteromorphus Zone.

Beginning with Core 31 and continuing downhole to
Core 40, assemblages have a nearshore character. Nan-
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noplankton of this interval include Helicosphaera am-
pliaperta, S. heteromorphus, D. deflandrei, D. signus,
and other species of upper lower Miocene H. ampli-
aperta Zone. In Cores 37 and 40 rare, reworked upper
middle Eocene Reticulofenestra umbilica, Cruciplaco-
lithus delus, D. barbadiensis occur.

GEOCHEMISTRY

Organic Geochemistry

The location of Site 496 with respect to both water
and proximity to previous exploration made it manda-
tory that the shipboard hydrocarbon monitoring pro-
gram be conducted in a thorough and expedient man-
ner. The program consisted of three independent mea-
surements. Gas samples were taken through the core
liners and analyzed with the Carle and Hewlett-Packard
chromatographs. An Imco fluoroscope was used to check
possible petroleumlike material for fluorescence. The
Rock-Eval was used to check for samples with unusually
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Figure 9. Stratigraphic series at Site 496.

high indigenous hydrocarbon concentrations. Gas sam-
ples were collected from every core that had suitable re-
covery, whereas fluoroscope and Rock-Eval determina-
tions, both of which require hand-picked samples from
slabbed core, were made only at irregular intervals.

Figure 12 shows the methane/ethane ratios for Site
496 samples. The ratio values are greater than 100,000
for sub-bottom depths of 0 to 100 meters. Ratios de-
crease with depth until, at about 320 meters, the values
are less than 5500. Finally, gas samples taken from core
material at approximately 350, 360, and 370 meters sub-
bottom depth have C;/C, (methane/ethane) ratios of
1200, 1650, and 1050, respectively. The last three sam-
ples also contain hydrocarbons up to pentane (Cs). The
C, and heavier hydrocarbon species are taken as evi-
dence of proximity to petroleum; thus at approximately
370 meters sub-bottom depth, drilling at Site 496 was
terminated for both safety and environmental consider-
ations.

Figure 13 shows the methane and ethane concentra-
tions as a function of depth. The methane content grad-
ually increases from about 75% at 100 to 120 meters (av-
erage of four samples in 96-123-meter interval is 74.4%)
to about 85% at 315 to 350 meters (average of four sam-
ples in the 316-350-meter interval is 85.3%). Deviations
from this systematic increase appear to be the result of
sampling problems. Ethane concentrations are very low
(less than 15 ppm) from sub-bottom depths of 0 to 150
meters. At about 170 meters, concentrations of ethane
begin to increase. Between 170 meters and T.D. (total
depth of the hole), ethane levels undergo an average in-
crease of about 30 ppm per 10 meters of penetration.

Thus evidence provided by the gas-monitoring program
indicates that continued drilling at Site 496 might have
resulted in penetration of the stratigraphic horizon that
is the source of the ethane.

Figure 14 shows the distribution of neopentane (a C;
isomer) and isobutane (a C, isomer). Analyses of Site
494 samples suggest a diagenetic relationship between
these two species. It was postulated that neopentane, by
loss of a methyl group, might be converted to isobutane,
Isobutane levels are greater than those of neopentane
throughout most of the hole, although the greatest dif-
ferences exist at 40 to 80 meters, 150-190 meters, and
230-360 meters. Greater differences in the lower one-
third of the borehole may provide subtle evidence that
the relation suggested at Site 494 is in effect. However,
lack of neopentane concentrations that are greater than
isobutane levels in the upper portion of the hole consti-
tutes a problem for the proposed relation. Alternatively,
the neopentane-to-isobutane conversion may have al-
ready occurred or the species are unrelated in this par-
ticular setting.

Inorganic Geochemistry

Figure 15 shows the results of shipboard pH, salinity,
chlorinity, alkalinity, calcium, and magnesium determi-
nations. The pH values are essentially uniform from the
top to the bottom of the hole, Salinity, alkalinity, chlo-
rinity, and magnesium concentrations show increases
(or remain constant) from 0 to 80 meters and then all
four parameters decrease drastically with depth. Cal-
cium content remains fairly constant from about 8 me-
ters to T.D. (total depth).
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Figure 10. Sedimentation rate at Site 496. (Numbers in Biostrati-
graphic Position column refer to cores and sections of Hole 496.)

SUMMARY AND CONCLUSIONS

Drilling at Site 496 ended 500 meters short of the tar-
get, a landward-dipping reflector at the top of a high-
velocity body thought to be ocean crust (Ladd et al.,
1978; Ibrahim et al., 1979). The sediments above the
dipping reflector appear to drape unconformably the
sediments and rock that make up the bulk of the con-
tinental margin. Drill samples from Site 496 show that
the cover includes an upper sequence of Quaternary bio-
genic mud (0-226 m), and a lower sequence of similar
but semilithified Pliocene to Miocene sandy mudstone
(226-387 m). Both units are rich in terrigenous detritus
and contain some volcanic ash and rare lignite.

All microfossil groups were recovered from this sec-
tion. Radiolarians are diluted by terrigenous debris, and
reworked older species indicate a source of older rock.
Nannoplankton are rare to abundant. Above 283 me-
ters, the calcareous nannoplankton assemblages are oce-
anic; below 283 meters, they are typical of shallow wa-
ter. Benthic foraminifers also indicate subsidence of this
area in the Miocene, from shelf to lower bathyal depths.
A well-defined reduction in rates of sedimentation or

perhaps a hiatus occurs in the upper Miocene and Plio-
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Figure 11. Paleobathymetry on the basis of benthic foraminifers at
Site 496.

cene. Alternatively, a buried slump block may have been

penetrated.

Physical-properties measurements show a clear dif-
ference between the upper, soft mud and the lower,
semilithified mudstone. No velocity measurements were
possible because of gas content. The upper sediment ap-
pears underconsolidated, whereas the lowermost sedi-

ment appears overconsolidated.
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Figure 13. Methane and ethane concentrations at Site 496.
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FORAMINIFERS

FOSSIL
CHARACTER

NANNOFOSS!
AADIOLA]
DIATONS

SECTION

GRAPHIC
LITHOLOGY

METERS

DRILCTRG.

SAMPLES

LITHOLOGIC DESCRIPTION

uMIT
BIOSTRATIGRAPHIC
ZONE

TIME = ROCK

FOSSIL
CHARACTER

FORAMINIFERS

NANNOFOSSILS

RADIDLARIANE

DIATOMS

SECTION

GRAPHIC
LITHOLOGY

METERS

[BRCCTNS

SAMPLES

LITHOLOGIC DESCRIPTION

QUATERNARY

€. doronicoides—, huxleyi (N)

. egger (F}

A. ypsiton (R)

FG

voID

||J|$|H_L

Lol iaalini

A AP ISR

i

peily

Livagliiy

S I JL T AL

8

r_;uq

Jogpglbbiy

DIATOMACEOQUS MUD
Dingassing vaids throughaout.

SMEAR SLIDE SUMMARY
2482

5Y 312 Sanid s
Y 311 ashy patches

Clay

COMPOSITION:
Quarz 0
Faldupar L]
Clay minerals 0
Glauconite 20
Foraminiters 55

(«— Benthic forsminifers

CARBON-CARBONATE %)
2,102-104

‘Organic Carbon 239

Taotal Carbonste 50

QUATERNARY

N. eggeri (F] €. doronicoides—E. huxleyi (N}

A, ypsilon (R}

AL
vas

T SUET
&6

=

%@

LN
8%

kT4
by

BERI TR NS
%
A

v

Bra

AL

NPT
Brae

Py by

|

TN
&

o

‘F
<
9
g

il il g

NPT
&

bt

@ 5P

T

s

&

B

&
G

¢

B

i

I.||.Jl L_Ll.l.l_l_ll
%
i

-~ Earaminiigrarich patch

6Y 372

& Patch of benthic

foraminiters

Intermittent
wolds

=4— &Y 7/3 wh pach

Untermithant
voils

DIATOMACEQUS MUD
Degassing voids throughout, Some drill
laminations beginning to form in Section 2

SMEAR SLIDE SUMMARY

208
TEXTURE:
Sand

Silt

Clay
COMPOSITION:
Cuartz

ER-E

H

Fiit

E
-]

Silicoflsgeliates
Ostracods

o
g
worulone

CARBON.CARBONATE (%)
2.31-34

Drganic Carban 244

Totsl Carbonate an

96y 4.LIS
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SITE 496 HOLE CORE 11 CORED INTERVAL 93.0-1025m SITE 486 HOLE CORE 12 CORED INTERVAL 102.5-112.0m
FOSSIL g FOSSIL
" CHARACTER v s CHARACTER
2 E 3 zl ez 8 l=.lel= z| =
e |22 S| g GRAPHI Ew 3 |2
5 HHE § R Piticsdy ot N LITHOLOGIC DESCRIPTION SE = H B g £l e, LITHOLOGIC DESCRIFTION
g HHHUBEE = A HHHUBEE +5E
r HHHE : SR g
il= a B 2 _|slzle g E
£ 7 o E
3 5 DIATOMACEOUS MUD 3
R o E DIATOMACEOUS MUD
Dark alive gray (5Y 3721 Section 2: mottied =1 Diark olive gray (5Y 32}, Section 2, 4370
uj{ " - | aspect; tOIO—HEUmrlqan.inq fractures. Section 3. ﬂ-‘: 5Y3? om: degesaing fractures. ALZ0 am in Section 8
1 = 5 O-45 em: deganing fractures. 1 - wond fragment .
+H i 3 voID
1.0 [ a— Patches of 1.0
¥4 f ; aeamle g SMEAR SLIDE M“cc - B SMEAR SLIDE SUMMARY
B TEXTURE o e 2120 120
Sand 1)
3 Sand -
- 3 N it 2 4 S w0 %
] Am R : } i o ” e ] Clay n
23 '_1 i i COMPOSITION 3 COMPOSITION:
z % 1 H Oul.rw 2 3 Quariz - 4
g|s 2 e -0 Pyrite i 2| 7 Feldipar TR
L= 7 o Clay minerals « 3 Pyrita 2 B
a 3 Voloanic gravs % - Faraminitera-rich patch: Othar hesvy
- Glaucanite 3 z o . unususl concentration af mseraly 1 =
+ Calc. Dato,-Asag 8 = 1 planktonic fosaminiters Clay minerals * 0
Foraminifers 5 = - Vaoleanic glass - ]
- Chatoms 10 = B ) Glaucanite 6 1
g Aad-clarians a 2 = Foraminifers ®» TR
§ pniiosomon i u T — Y 32412 Cole, nannofossits 20 12
s icoflageliates i . Diatoms - ®
= ; 3| Radiolarians - T
) - ! 4 mnm-c.-ksoml'r;l_t:‘ ) 7 Spongespiculm TR 3
=1 Organic Carbon 283 - voio Siicoflageliates  — 1
Total Castonate 55 s CARBON-CAREONATE (%}
o . 2.40-43
Organic Carbon 222
z Total Casbangte 210
g i
z
= =D
g 4 vom
4 3
s ]
a =]
- 1
= i
5 q
=
B &
<
i ’ '
CC|

96% A.LIS



91

SITE 496 HOLE

CORE_ 13

CORED INTERVAL 112.0-121.5m SITE 496 HOLE CORE 16 CORED INTERVAL 131.0-140.5 m
g FossiL El FOSSIL
§ s CHARACTER 5 § CHARACTER
MR 2 g l=.lel3 =
G -3 w o T
1 HEE g g | Snamie LITHOLOGIC DESCRIPTION cr Eﬁ El 3 g § i | onames. LITHOLOGIC DESCRIPTION
w3 g% i s|3|8| 8|2 3 g 5 A HEIE gl e 3 s
s B HHEE E S ] H HELE c ;
R HEIEE 3 R HEHE FEH
Fa 3 : 37 i
B
z 3 NANNOFOSSIL MUD ~ NANNOFOSSIL MUD
= os-:] Black (5 2/2) and many small degasiing voids. 0.5 sy am Dark olive gray (6Y 3/2), Section 1 -_Iuw
} Biogenic components wariable with ne 3 mu,hu_u of foraminifera. Section 4:
g 1 a carresponding colar change. 1 nannofossil-rich, clauconitic mud,
g 10 103
'E 3 BY 272 SMEAR SLIDE SUMMARY j SMEAR SLIDE SUMMARY
1 1130 VoI
TEXTURE: 3 ;E;TUHE: 2
7 Sand 3 3
E 3 Stk 20 3 ‘s:‘m :
AR v Clay 7 z 3 ny
g|¢ 3 e COMPOSITION: = ] COMPOSITION:
Ouart o Otz 2
B 2 % & 2 E pr 1
< Faldgar TR § -1 o :
2 — Pyrita 3 ¥ _"
e - =3 VoID Clay minerals 46 "IJ' ] Clay m!nmh 2
< ] Voleanic glas 1] 1 ;dunu:lxm :
£ i 2 " laucon
§ = s ?3:“ “ 1 g} Foraminiters ]
: 7 Foraminiters 3 b Cale. nannafassils 43
= Cale. nannofossili 18 e 2:?:.« ?
= e Diatosrs L] AT i
[ 3 B - Radiolarians 5 9 o g Sponge tpicules 10
] Sponge spicules 3 3 ]
$ 3 == voID Silicoflagellotes TR % 73 CARBON-CARBONATE (%)
g =] z —t 2,76-78
< |* S — CARBON-CARBONATE (%) i ] Organic Carbon 204
2, 3-34 < B Total Carbonate 1no
Organic Carbon 115 3 .
Totsl Carponate 150 -
o 3
= ]
SITE 496 HOLE CORE 14 CORED INTERVAL 121.6-131.0m % — =
] 4
] FossiL = n =
« |E CHARACTER = 1
FEMAE z| » Ra b
S 2 gl & =
SE|EE| ] § H Lﬁ%’:‘u‘gr LITHOLOGIC DESCRIPTION +H
A HHE TR HE Rk :
g |5 |3[2]8]2 E w
3 |% 2 H E £ voIn
:A_: NANNOFOSSUL MUD = =
] Wery dack gray (57 301}, Forammiters show up = » -
e :.l.' - white spats sgainst dark hackpround s &
1 I, 4 g
:.I__l_| &Y 31 .
1044 SMEAR SLIDE SUMMARY <
> | e ¥ T | 270 ] ce \
El= 3, - TEXTURE:
Z E L Sand 5
= P gl | Siit %
*
'If = = "'"J_ Clay n
2 i COMPOSITION:
(=) ) — _L‘L Quare 2
4_"" Pyrite 1
c 2 S * Clay mineraly 30
5 =Ly ] Valcanic glass 5
é q4-,t Glavconite 2
g s Cale-Dolo-Arg. &
=, b i Foraminifars 5
-~ - | = Cale. nannofossils 80
Diatoma 2
Radiclarians 3
Sponge ipicules 2
Silicaflageilstes. 1
Mant debris 2
CARBON-CARBONATE %)
2,32
Organic Carton 202
Total Carbonate 120
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SITE 496 HOLE CORE 16 CORED INTERVAL 140.5-160.0 m SITE 496 HOLE CORE 18 CORED INTERVAL 168.5-168.0 m

m 3 o FOSSIL
§ ; m:m“ G ; CHARACTER
MEEE Z| g MEMHEE HE
= (= GRAPHIC - 1221 2 9 GRAPHIC
‘f; EE|E § E £ w LITHOLOGY LITHOLOGIC DESCRIPTION (5 :E £ - E o LITHOLOGY LITHOLOGIC DESCRIPTION
I HHHARHE Tif SaHHHARHE :
z |5 H g E = ; |5 E HEE a'
g |B|2]2]3 3 Ll L |
¥
Fa HEMIPELAGIC MUD cc
4 AM| Not ooze becauss of [mportant terrigenaut ey NANNOFOSSIL MUD
zlz compinent. Dageiing-aicl and K, odhe = Dack olive gray (5Y 472), Total recovery sppros-
g = 1 throughout. Smear slide from relatively stiff = mately 12 cm. Odor of WS,
= E portion of core (representative of groundmass), 2
B 3
= = 5Y 32 SMEAR SLIDE SUMMAR z
3 —— voip 1-140 i
= cc . TEXTURE:
(3 I Sand 8
5 Silt A0 é:.‘
E Clay 52
g COMPOSITION
. Onsartz 2 (1]
% Faldspar 3
Pyrite ]
Clay mineral 50
Voleanic glass [:]
Glauconite L)
Zeolie 2 SITE 496  HOLE CORE 19 CORED INTERVAL 168.0-178.5 m
CaleDolo-Arsg. 20 ] FOSSIL
Distam TR g CHARACTER
inpet MO EE gle | o
thss e |22|=]| § o RAPHIC
Iant debiris 2 |§ ;é H E § 5 g LITHOLOGY e - LITHOLOGIC DESCRIPTION
¥ 3 5 * -
g :
CARBON.CARBONATE (%] H § E HE £ H ")
1,112-118 _’E HEIHH E
Owrganic Carbon 388 - r—
Total Carbonate 2] OF. -{ i
] voID BIOGENIC-NANNOFOSSIL MUD
0.5 = | Gas-charged voids and Hy5 ador.
=] voio
SITE 496 HOLE CORE_ 17 CORED INTERVAL 150.0-159.5 m 1 . .
s FOSSIL - 5Y 32472 SMEAR SLIDE SUMMARY
§ ; CHARACTER 10 = 173
Zul2|2 Zl 8 - = :
ou 2 . = - Sand 12
L HHARHHE:S? s wimHoLoGic oEscrpTioN z E z
w3 g™ 2 1 g gl ¥ 3 8 & 4 Clay B4
E g é g E H g‘ 7 COMPOSITION:
2 HE E 3 ] voio Ouartz 2
@ £lz)l=|& B '? = oy a2 a :
% 2 = Mica 2
3 = Pyrity 2
NANNOFOSSIL MUD =1
M ) 8 . har
5Y 32 Ganwy sequence — degassing wokds comeman. H,Sm. g =] Dlm“::;\r F
Srmasr dide rapressntative of groundmss. E 3 Clay minerals "W
. SMEAR SLIDE SUMMARY E 4] = ;f.mmmir“ :
x TEXTURE: i : ] Zealite s
x| o : i = 7 voID Calc-DoloAreg,. 3
z|% il 2 = h Eoraminifers 2
= % ml‘, by S T 5 —— Caic. nannafossils 31
* E.g 1
g = voID COMPOSITION : s 3 7 | ::::n.:m “;
a Faldapar 1 = iz :
Mics 2 Spor
T Pyrite 5 % '3 voID Plant debiis 3
P Clay minaraly 20 : .
3 FG Volcanic glass 2 = — uuaoumm.:'r:,%
g‘ &c-nu:.-mn. l: ca 3 Owganic Carbon 20
< T Foraminifers 4 G ° Total Carbonate 1]
Calc. nannofossils 30 —]
Distoms 8 = P .
Radiotarians 5 = -1
Spange spicules 8 3
] - wvoip
CARBON-CARBONATE (%) § .
2,7-8 —
Organie Carbon 202 < e
Total Carbonate 60 .
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SITE 488 HOLE CORE 20 CORED INTERVAL 178.5—188.0 m SITE 496 HOLE CORE 21 CORED INTERVAL 188.0-187.6 m
= FOSSIL g2 FOSSIL
- 5 CHARACTER ‘ 5 CHARACTER
8 | reT= z| e - EMAEE HE:
oy H = e |E = £ GRAPHIC
T Ealt g g g E Pl 8 5 LITHOLOGIC DESCRIPTION !!; R Sl E | uology L2 LITHOLOGIC DESCRIPTION
wS = < £ g = z
£ |3 3 g % £ 215|322 ! S
F |3 H Fl EElE = 2 < F
H 3z 2 3 £ FEHEHEE : S s bl
' 3 | NANNOFOSSIL MUD
Y 3 HEMIPELAGIC MUD 0.5 Section 3, 0 om-—Section 4, 150 om: Bentiic
I More coberent intervals generally contain much 7 | foraminiters seatiored theoughout. White
| b ingenic componants 1 3 ~ . tests lighlighled aginst black matrix.
| 10 | EMEAR SLIDE SUMMARY
1 176 870
om| SMEAR SLIDE SUMMARY | | feirie
> 27 B | Sard w5
|z TEXTURE: = it 0 I
& s & 3 | -—sY22 7
£ | Silt n B COMPOSITION
o | Clay | Quarte 3
-] AM COMPOSITION Fotyoar = 2
] | Quartz 1 2 Pyrite 2
a . Faldspar 2 Dithee heavy
FG | Pyritn 4 i minarals 2 i
i voip Othar fweavy Clay mirersh 2 @
mineeals 1 5 Valeanic glass i s
Clay minerals [ 7 _i_ o S g;n:c:um 6 -?
i o ol B L i s B il T
; glan ‘_“'“’ 8 i Calc-DoloAssg. 3 -
— lce aucanite 2 by F
= B A Cabc.-Dala.-Ar 3 eramaniten L] 5
L ,_L " 1 ] Calc. mannofonsils 28 25
kS Catc. nannatowsils 4 B u
= i 3 g iatoms _
8 L iegigid & -1 - Radictariam 5 2
2 Radiolarians 1 1 Spangs specules 15 2
< Seange spicules 1 4 Plant detrin Ll 4
CARBON-CARBONATE (%) 3 o CARBON-CARBONATE %)
2,70-76 ] 5 317 P
Crganic Carbon 267 F s B Organic Carban 245
Total Carbanate 3.0 % 7 Total Carbonete an
A ]
E | |
]
>
= =
| E -]
2| .
o] -E 5| ]
5|« =
3 E
£ 3
- Dark oive
I b A ranolont
= ] mid
& a ——EY32-472
1 with §¥ 272
re - ks
7| 4 — voip
= Voo
sl 3
é B Parallel laminations

96¢ 4.LIS
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SITE 486 HOLE CORE 22 CORED INTERVAL 187.5-207.0m SITE 496 HOLE CORE 23 CORED INTERVAL 207.0-216.5m
g FOSSIL B FOSSIL
. E CHARACTER " g CHARACTER
M EMAE 2 g |3 ry z
= w =
e 22|48 g 3 § w GRAFWIE LITHOLOGIC DESCRIPTION HAEH 5 2 g GRAPHIC LITHOLOGIC DESCRIFTION
HiHH = G| 5 | wmoLoey - 12 |ES £ G| E | vmowosy b
S HHE Y 4 S HHHAREE 50
al AEHHE £ LH i BHHHE TEH
s |o)z13|5 3 S HHE E
= [e] 3+ 1]
3 o NANNOFOSSIL MUD dy- o NANNOFEOSSIL MUD
7 & Daek olive gray (5Y 372) and HySodor, 5] 1 Vo Dark ofive gray (5 3/2) and HyS cdor. Degamsing
II&—_ Aather homageneous throughout cors. 4= faatures (bleby and fractures). Hemipelagic mud
1 - E 5Y 312 1 1.~ 5Y 32 in Section 7 and Core-Catcher.
10 SMEAR SLIDE SUMMARY 7 Mg s CARBON-CARBONATE (%)
N Q 256 i Pl & 2, 8288
- TEXTURE: I L Drganic Garbon L
3 Sand 5 +-_. Totsl Carbonate  14.0
- Site 15 S
o Clay B0 .
] COMPOSITION: 4
Quartz 2 :H‘_l.
. i . Pyrite 3 = i
2| Clay minerals a0 2| -,
. Glaueanite 1 B
= Zwalie 4 i 1, -
. Foraminifers 1 i
. Calc. nannofossils 35 =
B = e Distoms 5 =
Spangs spicules 2 AG T
Others T e
= T,
CARBON-CARBONATE (%} -
3 2,107-11 3
# Crrganic Carbon 198 3| 7
3 Totsl Carbonate B85 =3
Ina 3 ——5Y32-472 =
= - voID
z|e = =
2|4 ] :
w g 7 3 I
= & 3 }
3 3 -
al< M is 3
4 3 4 1 wvoin
3 | . ]
] = E
- s EE 7 !
=
R &k 1
) | i .
= | EX 1 wvoio
] =] ]
5 ] | 5 .
= ' 2
3] | lRm .
y | 3
R | s -
- Diilling irsduced 77 .
& 7 = | 4 persifel ioninstions " ]
. | 5Y B2-4/3 1
1 = | I =
led 3 =
k6 7 o

96% H.LIS
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AL 216.5-226.0 m

NTER SITE 496 HOLE CORE 26 CORED 226.0-2355m
3 FOSSIL 2 FOSSIL
 |E | _cnanacren « |E | cwanacten
N EMAE z| m 8 le lelaTy z| e
€ |2 a ! ol % GRAPHIC S EEIH R o| & GRAPHIC
V3 :E E 3 -4 [ e LTHOLOGY LITHOLOGIC DESCRIPTION ] .;§ § s - g o LITHOLOGY o o LITHOLOGIC DESCRIPTION
g2 1875|535 S ¢ R HESE g2 PaEd &
SR EHELE = C N HEE = ;
MHEHHE 3 R HEIEE 3
(o]
I HEMIPELAGIC MUD | SANDY MUD
G P Degassing vaids throughout and H,S odor. 05 x T svan 2& afive v.;\; 1::5!:'.:;91”&“ .|n¢;oi¢|
oughout . o 4 green
1 o 5Y 32 1 4 15G 4/2] patches scattored thioughout.
o] SMEAR SLIDE SUMMARY 7 i
3130 SMEAR SLIDE SUMMARY
0 TEXTURE: L L PRERFEN
Q Sand 0 u TEXTURE:
O 5Y 4/3-4/4 Silt s Sand n
In soupy portions. Clay 2 i ® 18
O COMPOSITION: s 8
Chasrtz 3 5
= Pyrita 2 ca 5
Clay minerals 0 15 ]
2 Volcanic gias 15 2 » 2
AG Zealite 5 &= =
CaleDolo.-Arag. 5 g =1 - 3
| Faraminifers s § = 5 55
o Moty vaid Cale, nannofosih 2 = —2 g
Dimams E =
Radiolaran 3 m VoIlD N
Spangs pcules 2 = 5 0
Others 1% E ;R -:
3 CARBON-CARBONATE [%) 3 15 5
3, 126-131 e 2
w Organic Carbon 264 w | _
z M Total Carbonate a0 z2l = CARBON-CARBONATE (%}
(5} . 5y 4/2-312 g 3 5Y 6/3-5/3 4127133
=] =1 2 sarddy mud Organic Carbon 105
z a g ' Total Carbanate 80
o« - e | o5 Dark tuifececus sand
w L = RG
a - & o -
[ ~ [ Iy o+ pumice ot 32 om
2| = = 2l I Sandy mud
§ sl 4
= — 5Y 8/1 msh
W
z
= Palg olive #sh E
= - voip
= = 3
[
- 5 g 5
s 2
£ | Tutfaceous mud H
£ g
a Homipelagie mud g
8 black (5Y 2/1) sl lea
B
L]
icc
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SITE 496 HOLE CORE 26 CORED INTERVAL 235.5-245.0 m SITE 496 HOLE C[%_F_l_E 27 CORED INTERVAL 245.0-254.6 m
E] FOSSIL 2 FOSSIL
z CHARACTER CHARACTER
x |F H
-MEMABRE a ] MAE z| e
HAEHE & -E-i E | e § LITHOLOGIC DESCRIPTION IE I E § g £ e, LITHOLOGIC DESCRIPTION
HAHHHHREE £ FF HHHHHREE 1 H
E & iz H E 5 E E HEHEE = 3
A HE HE *E A HHEE E
- 1
- |
- " SAND’
3 05 i i i DIATOMACEOUS SANDY MUD
£ J- i e R Praslaes Dark olive gray (5 342} with 5Y 4/3 patches
§ 3 1 Glauconite gralng seamasned throughout.
3 Ll - i st " ~—5Y 312-412
g 1.0 ! s e
E - 1DE SUMMARY
g 7 | TEXTURE b 280 c0
= ] i a » TEXTURE:
i il 0 Py % B
= | o R sin 0 »
> a EYan Clay 55
@ -+ ?“lld'“ e COMPOSITION:
& - 8 In;mr Cuarez 12 ]
§ — 3 3 ot 2 2l o X Faistspar oo
= = = | E mlﬂr.ll = s L.
J | = = Clay minerals 10 = ik . %
- s ] Glauconite 80 - B
£|s 13 minerals TR TH
£z — E CARBON-CARBONATE (%1 4 s W
m b = Valganic glass ® 8
H Orgariic Carbion 114 = i X
3 ! Tatal Carbarate 40 B Sl e OE
= w
g 7 | AN w| g Cale.numnotosils 5 18
— 3 [*9j%e e o Dinoms 5w
i 3 8 4 $ Rodiolsion - 1R
2 = =5 Spenge spleuter 2 3
2 | = M Fecal pellers ™ -
3 | & Silicoflagailares  — 1
® ihia : % CARBON-CARBONATE (%1
. ﬂ] o ] 4, 86-71
. o e ca ] Organic Carbon 055
- fa z = Totsl Cartiorats  10.0
2 i -
& p —
w 4 7 8_ 4 . o
g : : ] ;
B - voio £ : s
[ . — 4
g s - 5 u §
P g - | & o
Z E ]
i 1 | -
b - | g ¢
] = 1
5| | s| J4
| H 19
6 i =
| 9? =
1A
s, E B 1
_lec = 35 [
= 5
=53 51
B 3
(=}
(A 7
.
CC|
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SITE 496 HOLE CORE 28 CORED INTEAVAL 254.5-264.0 m SITE 496 HOLE CORE 29  CORED INTERVAL 264.0-2735m
g FOSSIL ) FOSSIL
£ CHARACTER ) ; CHARACTER
= =
Gul2|2|% sl & GRAFHIC Sulz| 2|2 gl &
§§ ® E E E E LITHOLOGY LITHOLOGIC DESCAIPTION ;; EalE i E E o lﬂ;’:‘mgv LITHOLOGIC DESCRIPTION
HHEIHBEE F3:H S HHHEREE ++H
HHHE ik N HHEHE E
H z|z|B 3 FHEIEE 3
. J0
] o 1ovan NANNOFDSSIL MUD SANDY MUD
05— Gray-olive green (10% 3721, Section 5: sandy SYan Dark olive gray I5Y 3720, At 113.cm in Section
] tuftaceoos mud. 1 lots of glaucanite pellets. Glauconite grains shd
1 ~ voID pumice grains scattered theoughout Sectian 2.
= Glsuconita patlets and voids between each biscuil
19 SMEAR SLIDE SUMMARY i Sectian 6.
B an ce!
3 TEXTURE
Sand 5 3 SMEAR SLIDE SUMMARY
1 wvoio silt 5 7 218" a3’ ser!
z 4 Clay o0 o0 TEXTURE:
pre s COMPOSITION Sand 30 225 20
g s Cuartz 14 sity % 3 50
El < Feldspar 1 TR Clay 45 50
2
P Pyrite 1 COMPOSITION:
—1."".1 Clay minerals 45 15 T 2 5
2 i R Volcanic glass 1 1 Faldspar 8 L] L]
: -, - Calc-DalocAng. - B0 Pyrite T
& o i
H] e e | Foraminiters 7 - Other heavy
o pu | el | = Cale. mannofossily 45 — mingraly 20 2 a
1] o 't Diatams 2 - Clay minarals 45 @
] b o SY 4/3-302 Radiclariam i RP AP Volcanie glas w15 40
o _ Crganic matTer 1 - Glauconite 1 Yoy s
w 4 wvoip Zeolite - 't o
Z c6 e T Taken trom petible fclast), proitly not Cale. rannofossibe: TH: — -
= L e p I ! representative of core in genral, Radiolarians - T
o e | Spongs spicules 1 - -
; \id -+ Focal pellets 3 0 10
E 3] CARBON-CARBONATE (%) t
9 3, 40-53 2.19; sandy mad; 4:39: tutfaceous mud, and
= i Organic Carbon 103 587: tuttatecus mud
@ . Nl o b T Raters to 1 0., not quantity,
w — w
§ z 3 ila Mattled CARBON-CARBONATE (%)
z 4 b gz 3,07-72
s Cy = Organic Carbon 0.58
E - s¥an § g s Towl Carbonste 0
al g
H gl &
g |
CG
Voo
5 Ghamconite paflets
= voin
a
o
al
af
a
a
o
-
8
a Drilling fractures and biscuits
o
Grilling fractures
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SITE 496 HOLE CORE 30  CORED INTERVAL 2735-283.0m SITE 486 HOLE CORE 31  CORED INTERVAL 283.0-2925m
2 FOSSIL ] FOSSIL
§ ; CHARACTER - § CHARACTER
Bu(B2|2 zZlg 8 le, 29Ty z| =
= [22]8 2| & |  orawic g (ou|flz] 2 S| 2 | anasmic
'S Es £ E ] £l E LITHOLOGY o LITHOLOGIC DESCRIPTION 12 |ES| & s 3 HE: LITHOLOGY LITHOLOGIC DESCRIPTION
S|3Nls < Bl 2 ] w32z = g "
g3 = 3 gl 2 3 & H H ] & =
i 1 HHE Fi A ;
= 8 3 5 & =15
SANDY MUD sY 32
Olive gray [5Y 3/2), Gleuconite paflets in NANNOFOSSIL m&
Sections 3, 4, and 6 and scattered glauconits = _smlllﬂ 1, 30=120 cm: (ive gray (5 343} )
4 z ¥
! 5Y 32 i Secion 2 1 graded?, maximum pebble size sporoximately 1 em.
* Section 3: 10Y 4/2 mudstone, BY 6/1 aah; and
SMEAR SLIDE ml}? N ? BY 211 mh,
s’ se2
TEXTURE 3 SMEAR SLIDE ww‘::,w
Sand 5 80
sit 90 15 g TEXTURE
Clay 5 5 = :-'.'.'d 2:
COMPOSITION: w = =
5 s : : a 2 T COMPOSITION:
i o 10y 472 Ouarts 3
Pyrite 1 2 = |- Faldspar TH
Other heavy ;- Pyrite 2
minurals - ] il
al
WVoleanic glas 80 1% o 5'" m::::l': ::
Glauconite - 1 e L d oscanic
e Glawsoonite 3
E:I:.-nuo';l::ug. ? i - Imtmrmittent Calc-Dolo-Arsg. TR
™ Colc, mamnatossils 1 — 3 + Q woids Cale nannfossils 48
|ca Radiatarians - TR = } nlmmupiwm g
3 Sponge Hucules - 1 I Silicotlageiiates 1
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Vitrle ash 114200
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SITE 496

3, 127132
081
85

232

REE RUN mgu-oman--o

minarals
Clay mingrsly

Section 3, 100150 em: glauconite abundant in

biscuits.

GLAUCONITIC MUDSTONE/DRILLING BRECCIA

EMEAR SLIDE SUMMARY
CARBON-CARBONATE (%)

Cale. nannofossils

Cale.-Dolo. Arsg
FAadiolarians

Faraminiter

Fecal pelleti
Ovganic matter
Owgarie Carban
Tetal Carbanate

COMPOSITION:
Volcanic glass
Glavconits
Sponge spicules

TEXTURE:
Ouartz

Sand
Sily

Foldspas

Pyrite

Other heavy

Clay

LITHOLOGIC DESCRIPTION

311.5-321.0m
SGY 4/2-312
Undarmagad eece shawing
A itial linations andd
little tractures
- Abundant glauconite

- Aburdsnt GELConite

SIS .

[T
LT TREIT TS

GRAPHIC
LITHOLOGY
VoID

34 CORED INTERVAL

VoID
VoID

TTTT ._“_.___.___._. ._I_Iﬁ

NOILD3S - ~ ™ - = © | 3

SHALaw

CORE

swoLwia
SNVINYI0NYY £

FUESOONNYN |

u‘-n.!!‘nuw_w ] 8
ANOZ
JIHIVEOILYH LSO (M) BLBfdue i) N

LINn
e LN INIDOIN HIMOT

FOSSIL
CHARACTER

SITE 496  HOLE

TR
45
5
a
1
1
0
™
2
1
™R
4138141
058
60

% arg =-«

minerals
Clay minarals

SITE 486, CORE 32, 20253020 m: NO RECOVERY.
NANNOFOSSIL MUDSTONE AND DRILLING

BISCUITS AND BRECCIA
probably primary state of the s and breceiated

it ita presant form, Sectbon 4: dlightly sandy

live green (10 472). Mannotoss] mudstome
alauconstic grayish-olive mud,

SMEAR SLIDE SUMMARY

Cale.-Dodo. Arag

Foraminifers

Cale, nanmofossils

Distoms

CARBON-CARBONATE (%}

Total Cartonate

Volcanic glass.
Glaueonie
Sponge spicules
Siticoflageitutes
Fecal pellets
Organic Carbon

COMPOSITION:
iz

TEXTURE

Feldipar
Orthas haawy

Pyrite

LITHOLOGIC DESCRIFTION
Sand
Sitt
Clay

302.0-311.5m

Pumice fragments
Nannotossil muditane

o dervied by diilling
fram mudstone

10Y 472
voID

EYR 5/1 mh
BGY 41
uphole
Voo

SGY 4/2

GRAPHIC
LITHOLOGY

33 CORED INTERVAL

SHIALIW

CORE

NOILD3S S ~ = - “ o ~ 18

ENOLYIO

| SNV Y I0KYY 4

FNSSTIONNYN

FOSSIL
CHARACTER

SHAAININYEOS

INoZ
JIHIVHOILYHLS0IE [N epscterciuad ‘4 1) LN

LiNn
oD anL INIO0IN HIMOT

SITE 49 HOLE

170




ILI

SITE 496 HOLE CORE 35 CORED INTERVAL 321.0-3305m SITE 496 HOLE CORE 36  CORED INTERVAL 330,5-340.0 m
3 FOSSIL FOSSIL
P H CHARACTER * CHARACTER
g |z [l HIF g FE 2
2 = e w =
e :% i ! £ u | e, LITHOLOGIC DESCRIPTION SEIE HHE E E B | e, LITHOLOGIC DESCRIPTION
> < 5 ¢ 3 w3 3R] E < g w 3
H ; g E £ : H 3 HE 2= E ;
F E E
E g E = 5 z g 3 B
x @ ~—Drill Fractures o
] i MUD AND a Braz MUD AND MUDSTONE
0.5 l—— VOID Biscuited. Alternation of mud and mudstone and o Olive gray (5Y 4/2), Voids from gas escape,
pe Y42 some shells — Section 1. Raraly, banthic foraminifers Very traciured st 45—B0 om in Section 8.
Ll ; visible in hand lens [Section 3. 1 ol
1.0 o|
4 SMEAR SLIDE SUMMARY Sectian 7: Schistosity at 1520 em. None
= iy o of the structured
3 {mannotouil mud) a orientations s
- - parallel 1o corm
-1 ;::TUHE' 7 a o Veim toarrw,
-1 Sitt 30 -
M B Clay o 7
2 - 3 COMPOSITION: 2 . VOID
3 Ouartz 6 cG —
. e Feidspar 1 il 2
~ £ Pyrite 3 of
7 o Clay mineraly %
7 o Wolcanic glass " o
- Glauconie F o & SMEAR SLIDE SUMMARY
- | Cale.Dodo.-Arag 1 of &1
o | Foramnitern 2 a lash lwyer)
RP i) Cale, nannofossils 18 i TEXTURE:
— Radialatians ' 3 o Sand a5
3 pu Spange wpiciles 3 E = Sl 12
z N Silicollageilates 1 7 Clay
=1 Fecal paliets ] — COMPOSITION:
5 3 h Ouartz a
_% - CARBON-CARBONATE (%) 7 Pyril Tr
- 4,83-02 3 - voin e
: -1 Oganac Carbon 152 s - Volcansc glivs a0
% * 7 Totsl Carbonate 25 — Glawconite TR
wl g B ; ]
S| . CARBON-CARBONATE (%)
= E _ Je————] 3,61-63
« 4 7 2 4 10 Organic Carbon 055
w o - - Totsl Carbonate B0
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z 2] gl g 4.
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SITE 496
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ELT

SITE

HOLE

CORE

40  CORED INTERVAL  3885-378.0m

uNIT
BIOSTRATIGRAPHIC
ZONE

TIME - ROCK

FOSSIL
CHARACTER

PADIOLARIANS
DIATOME

SECTION

METERS

GRAPHIC
LITHOLOGY

LOWER MIODCENE

N7 (F)

H. ampiiaperta (N}

C. costata (R)

M

VoID

EXTRUDED

pea byt lyiid

voIip

SAMPLES

LITHOLODGIC DESCRIFTION

%.
f

o

CC

MUD AND MUDSTONE
Blogenic, very gasy, dark olive gray [BY 2/2-3/2),

ICE

SMEAR SLIDE SUMMARY
860

TEXTURE:

Sand

Sitt

s83

Cloy
COMPOSITION:
Quartz

Feldspar

Pyrite

Clay minerals
Walcanic glass
Glauconite
Cale.-Dolo.-Arag.
Foraminiters.
Caic. nannofossils
Diatnera
Radiokstians.
Spange spicules

CARBON-CARBONATE %)

3, 104-106
Organsc Carbon 088
Totsl Carbonate BS

wunvowsSdusw
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SITE 496
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R Site 496
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Site 496

7,CC

8-1
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9-5

SITE 496

9,CC
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SITE 496

i Site 496

10-6 113 11,CC

10-7 10,CC
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Site 496
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12, CC
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SITE 496

13,CC
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SITE 496

Site 496

—150 29 122
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SITE 496

16-1 16,CC 1741 17-2 17,CC 18,CC 19-1 19-2 19-3 19-4 19, CC 201
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SITE 496
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SITE 496

S
23-4 23-5 23-6 23-7
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SITE 496

24, CC

23,CC
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SITE 496

Site 496

256 25,CC  26-1 - 266 26,CC 271
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SITE 496
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SITE 496

rO cm

Site 496

30-7 30-8 31-1

31-3 31,CC
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Site 496

33-7

33,CC

34,CC

35-1

SITE 496
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SITE 496

O Site 496

35-6 35,CC  36-1 36-2 36-3
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SITE 496
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