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The descriptions of sites, cores, and data included in these site reports were completed within one
year of the cruise, but many of the topical chapters that follow were finished several months later.
More data were acquired and authors’ interpretations matured during this interval, so readers may
find some discrepancies between site reports and topical papers. The timely publication of the Initial
Reports series, which is intended to report the early results of each leg, precludes incurring the delays
that would allow site reports to be revised at a later stage of production.



2. SITE 565!

Shipboard Scientific Party?

HOLE 565

Date occupied: 13 January 1982, 1600 hr.

Date departed: 19 January 1982, 0400 hr.

Time on hole: 132 hr.

Position: 09°43.69'N; 86°05.44' W

Water depth (sea level; corrected m, echo-sounding): 3099
Water depth (rig floor; corrected m, echo-sounding): 3109
Bottom felt (m, drill pipe): 3111

Penetration (m): 328.3

Number of cores: 34

Total length of cored section (m): 328.3

Total core recovered (m): 287.28

Core recovery (7o): 87.5

Oldest sediment cored:
Depth sub-bottom (m): 328.3
Nature: dark greenish gray mudstone
Age: early Pliocene-late Miocene
Measured velocity (km/s): 1.8

Basement: not reached

Principal results: Only 328 m were drilled at Site 565, which was aban-
doned about 500 m short of the main target because the drill string
was sticking. A continuous sequence of Quaternary to latest Mio-
cene homogenous dark greenish gray mud at the top of section
through well-consolidated mudstone toward the base was recov-
ered. Two thin layers of sandstone were observed, and only two ash
layers were recovered.

The mud was very stiff at the top of the section. In the Pleisto-
cene sequence, folds were observed; deeper, we noted that the
mudstone does not show any faults or folds. Thus a normal strati-
graphic sequence is suggested.

On the basis of calcareous nannofossils and benthic foramini-
fers, lithostratigraphy is identified as follows:

0.0 to 105.5 m—Pleistocene;

105.5 to 276.5 m—Ilate Pliocene;

276.5 to 286.0 m—early Pliocene;

286.0 to 328.0 m—early Miocene-late Miocene.

No reversal of faunas was observed, which confirms a normal
stratigraphic sequence.

! von Huene, R., Aubouin, J., et al., [nit. Repts. DSDP, 84: Washington (U.S. Govt.
Printing Office).

2 Roland von Huene (Co-Chief Scientist), U.S. Geological Survey, Menlo Park, Califor-
nia; Jean Aubouin (Co-Chief Scientist), Département de Géatectonique, Université Pierre et
Marie Curie, Paris, France; Miriam Blatuck, Scripps Institution of Oceanography, University
of California, San Diego, La Jolla, California (present address: Department of Geological
Sciences, Tulane University, New Orleans, Louisiana); Robert Arnott, Department of Geolo-
gY, Umvtrsny of Oxford, Oxford, United Kingdom Lpresem address Shell International, The
Haag, Holland); Jacques Bourgois, Dép e Gé Université Pierre et
Marie Curie, Paris, France; Mark Fil Union 011 G , California; Roger
Helm, Institut Fiir Geologie, Ruhr-Universitit Boch Boch Fod.cra.l Republic of Ger-
many; Keith A. K Iden, U.S. Geological Survey, Menlo Park, California; Barry Leinert,
Hawaii Institute of Geophysics, University of Hawaii, Manoa, Honolulu, Hawaii; Thomas 1.
McDonald, Department of Oceanography, Texas A&M University, College Station, Texas;
Kristin McDougall, U.S. Geological Survey, Menlo Park, California; Yujiro Ogawa, Depart-
ment of Geology, Kyushu University, Hakozaki, Fukuoka-Shi, Japan; Elliott Taylor, Depart-
ment of Oceanography, Texas A&M University, College Station, Texas; Barbara Winsbo-
rough, Espey, Houston, and Associates, Austin, Texas (present address: Department of Geol-
ogy, Pri University, Pril New Jersey).

Ecologic analysis of the benthic foraminifers indicates a grad-
ual uplift from abyssal depths (4000 m) in the early Pliocene-late
Miocene to lower middle bathyal depths (1500-2000 m) in the late
Pleistocene, and perhaps a subsidence to the present depth of 3100 m.

Hydrocarbon gases C, to Cs were found in samples from Site
565, with C,; being the dominant gas. Ratios of C; to C, increase
by two orders of magnitude from 7.5 m to 54 m, then decrease ex-
ponentially, as commonly observed at DSDP sites.

Cores containing high concentrations of gas were recovered be-
low 175 m. Gas hydrates were recovered two times: at sub-bottom
depths of 285 m (Section 565-30-1) and 318 m (565-33,CC). The
last sample gave a volume of gas 133 times greater than the volume
of water, the gas being predominantly C, (89.1%), the water salini-
ty being only 1.1%o.

BACKGROUND AND OBJECTIVES

The Nicoya Peninsula of Costa Rica is composed of
an ophiolitic complex that has been studied by several
investigators since Dengo (1962, 1967) first described it,
and many believe it to be an accretionary complex. In
1977, on the UTMSI (University of Texas Marine Sci-
ences Institute) ship Ida Green, J. Watkins made a seis-
mic reflection record from the Nicoya Peninsula across
the Middle America Trench that shows the structure of
the Costa Rican margin seaward of the Peninsula (Shi-
pley et al., 1982). Reflections from the ocean crust dip
gently landward and can be followed about 60 km from
the Middle America Trench under the landward slope of
the margin to within 2 or 3 km of the shore. Above the
ocean crust is a wedge of seismically unstructured rock
that is in turn overlain by a thick blanket of stratified
slope deposits. Site 565 is on the lower part of the slope
where the blanket is sufficiently thin so that the Glomar
Challenger could sample the unstructured seismic base-
ment. The site is about 20 km landward of the Trench
axis and 1700 m above it at a water depth of 3111 m.
The slope deposits here are approximately 900 m thick,
and the reflections within it appear to be generally un-
deformed.

The seismic data were interpreted by R. Buffler (Ship-
ley et al., 1982) indicating a Mesozoic accretionary com-
plex, similar to the Nicoya complex, or similar to the
rock encountered at Site 494 near the Middle America
Trench off Guatemala. Buffler and his colleagues pro-
posed drilling at a site that would establish the age and
lithology of the basement. A range of various informal
interpretations proposed, on the one hand, that the age
of the basement is Mesozoic or early Cenozoic, and on
the other, that the basement consists of an accreted
complex, if the seismic record is interpreted in accord
with the constant accretionary model; in this case, the
age of the basement should be about late Miocene. A
spread of ages between late Miocene and Cretaceous
should have been easily tested, if the acoustic basement
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were recovered, and this was one of the main objectives
at Site 565.

A second objective at Site 565 was the study of gas
hydrate. Several bases of gas hydrate reflections were noted
in the suite of seismic records off Costa Rica that were
made by the University of Texas (Shipley et al., 1979),
and although none appears in the seismic record on
which this site was located, the presence of hydrate was
suspected. The development of gas hydrate in the ma-
rine environment is a poorly understood phenomenon.
Our understanding of it would benefit greatly not only
from recovery of a hydrated sample, but also from knowl-
edge of the organic and inorganic constituents in the as-
sociated pore fluid and gases. Thus pressure cores and
ample monitoring of hydrocarbons were required for
the hydrate study as well as for reasons of safety.

OPERATIONS

Glomar Challenger transited 2.5 days from Panama
to Site 565 operating geophysical instruments. The ship
intersected the University of Texas seismic track line CR-7
at 1400L (local time) 13 January and was positioned not
only from points on land but also by a satellite position
that was received shortly after turning on line from 270°
to 302°. A geophysical line about 20 mi. long across the
proposed site locations and the Trench was necessary to
identify some bathymetric features that could be used in
establishing the desired position. The Challenger posi-
tions and those established from water depths and fea-
tures on line CR-7 differed consistently by 1.5 to 2 mi.
Because the Challenger seismic system was unable to pen-
etrate sufficiently deeply to identify the acoustic base-
ment feature on which the site was selected, the site po-
sition was determined by the bathymetric configuration
and depths. An 8-knot wind was setting the ship, mak-
ing navigation by dead reckoning uncertain, and just
prior to the beacon drop a second satellite position was
received indicating ship’s position about 1 mi southeast
of the positions given for CR-7. Because the depth and
bathymetric configuration were correct, the beacon was
dropped at 1732L, 13 January. Subsequent satellite po-
sitions indicate a 1-mi. difference between the Challeng-
er and the CR-7 positions for the equivalent bathymetric
features at the site, an error that is permissible in the
CR-7 navigation.

Once on site the Challenger received a message to stand
by for written permission from the government of Costa
Rica prior to any operations. The Challenger dead time
was used to make a detailed bathymetric survey around
the site until 0600L, 14 January, using the beacon as a
primary navigational aid. The survey confirmed the pre-
vious indications of a suitable site position and thus no
offset on the beacon was thought necessary.

At 1010L, 14 January, permission from Costa Rica
was received, and the ship was allowed to begin opera-
tions. Lowering of the drill string began immediately,
but the loss of operation time severely jeopardized some
objectives off Guatemala so we reluctantly decided to
omit logging. At 1600L a Costa Rican ship brought two
observers to the Challenger and, to make room for them,
took two DSDP persons ashore.
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The first core was recovered at about 0400L, § Janu-
ary, and normal operations continued. Core recovery was
excellent until the last six cores. Gas content was suffi-
cient from top to bottom for vacutainer sampling. The
sediment became increasingly gassy with depth, and the
first gas voids appeared in Core 27; icy hydrates were re-
covered in Cores 30 and 31.

New drill string was used at Site 565, and it was no-
ticed, after several cores had been recovered that the core
length was slightly longer than joints used on previous
legs (which were 9.5 m). A correction for the cumulative
error of 4 m was made at Core 31, and a core length of
9.6 m was used thereafter.

Drilling time increased from top to bottom during
drilling of Core 32, rotation began to be difficult and the
pipe had a tendency to stick. Drilling of Cores 33 and 34
was very difficult; the tendency of the drill string to
stick was very high, and it was necessary to pull 30 m of
drill stem from the hole. Finally, after recovering Core
34 at 0825L, 18 January, and trying unsuccessfully to
drill deeper until 1500L we decided to abandon the hole
because of the high risk of sticking. Cementing of the
hole was achieved at 1900L, 18 January, and the drill
string was aboard at 0500L, 19 January.

The Glomar Challenger departed immediately to ren-
dezvous with a Costa Rican coastal patrol boat off Ca-
bo Blanco, Costa Rica. At 1200L 19 January, the two
Costa Rican observers disembarked and the two DSDP
personnel embarked.

At 1230L, 19 January, Glomar Challenger was en route
to Site 566 off Guatemala.

Table 1 shows the coring summary for Site 565.

LITHOSTRATIGRAPHY

Site 565 is located at a water depth of 3111 m on the
lower slope of the landward side of the Middle America
Trench, about 27 km east of the Trench axis and only
42 km west of the mountainous coast of Costa Rica
(Fig. 1).

Hole 565 was cored continuously with excellent re-
covery to a depth of 328 m; one lithological unit was re-
covered over this entire length except for a small section
of probably redeposited limestone recovered in the core
catcher of the last core (Core 34). Figure 2 summarizes
the lithostratigraphic sequence recovered.

Unit I

Unit I comprises Cores 1 to 34, 0 to 328 m sub-bot-
tom depth, and ranges from upper Pleistocene to lower
Pliocene.

Major lithology. This is a very thick, relatively uni-
form Pliocene-Pleistocene section of generally massive
dark olive gray to dark greenish gray (5Y 3.5/2 to 5GY
4/1) mud and mudstone.

Sedimentary structures, although rare within the
unit, are mainly found in the upper half of the section.
They are composed of subtly graded silt beds up to 2 cm
in thickness (Cores 4, 5, 9), thin silty laminae (Core 5),
and a few isolated silty beds of a slightly lighter color
(Cores 2, 6, 7). Small clasts (up to 2-3 cm in diameter



Table 1. Coring summary, Site 565.

SITE 565

Depth from Depth below
drill floor seafloor Length Length
Core Date (m) (m) cored recovered  Recovery
no. (Jan. 1982) Time Top Bottom Top Bottom (m) (m) (%)
1 15 0431 3111.0-3121.5 0.0-10.5 10.5 9.66 92
2 15 0553 3121.5-3131.0 10.5-20.0 9.5 9.66 100+
3 15 0705 3131.0-3140.5 20.0-29.5 9.5 9.03 95
4 15 0828 3140.5-3150.0 29.5-39.0 9.5 6.46 68
5 15 0945 3150.0-3159.5 39.0-48.5 9.5 9.69 100+
6 15 1310 3159.5-3169.0 48.5-58.0 9.5 9.78 100+
7 15 1435 3169.0-3178.5 58.0-67.5 9.5 9.02 95
8 15 1555 3178.5-3188.0 67.5-77.0 9.5 9.25 97
9 15 1730 3188.0-3197.5 77.0-86.5 9.5 9.43 99
10 15 1905 3197.5-3207.0 86.5-96.0 9.5 9.56 100+
11 15 2300 3207.0-3216.5 96.0-105.5 9.5 9.68 100+
12 16 0029 3216.5-3226.0 105.5-115.0 9.5 9.57 100+
13 16 0200 3226.0-3235.5 115.0-124.5 9.5 9.61 100+
14 16 0331 3235.5-3245.0 124.5-134.0 9.5 9.25 97
15 16 0440 3245.0-3254.5 134.0-141.5 9.5 9.16 96
16 16 0846 3254.5-3264.0 143.5-253.0 9.5 8.14 86
17 16 1015 3264.0-3273.5 153.0-162.5 9.5 9.17 97
18 "16 1145 3273.5-3283.0 162.5-172.0 9.5 9.42 99
19 16 1319 3283.0-3292.5 172.0-181.5 9.5 9.10 97
20 16 1455 3292.5-3302.0 181.5-191.0 9.5 8.96 94
21 16 1631 3302.0-3311.5 191.0-200.5 9.5 9.55 100+
2 16 2036 3311.5-3321.0 200.5-210.0 9.5 9.69 100+
23 16 2236 3321.0-3330.5 210.0-219.5 9.5 9.71 100 +
24 17 0024 3330.5-3340.0 219.5-229.0 9.5 9.67 100+
25 17 0211 3340.0-3349.5 229.0-238.5 9.5 9.58 100
26 17 0350 3349.5-3359.0 238.5-248.0 9.5 9.59 100+
27 17 0530 3359.0-3368.5 248.0-257.5 9.5 9.63 100+
28 17 0715 3368.5-3378.0 257.5-267.0 9.5 3.15 33
29 17 0911 3378.0-3387.5 267.0-276.5 9.5 9.24 97
30 17 1140 3387.5-3397.0 276.5-286.0 9.5 9.37 99
31 17 1444 3397.0-3406.5%  286.0-295.5 9.5 7.66 81
32 17 1858 3410.5%-3420.1 299.5-309.1 9.6 1.60 17
33 18 0245 3420.1-3429.7 309.1-318.7 9.6 2.75 29
34 18 0825 3429,7-3439.3 318.7-328.3 9.6 2.49 26
Total 328.3 287.28 88

a New drill string was use at Site 565; it was noticed after several cores had been recovered that the core
length was slightly longer than joints used on previous legs (which were 9.5 m). A correction for the
cumulative error of 4 m was made at Core 31 and a core length of 9.6 m was then used.

and of the same lithology as the matrix mud) character-
ize parts of the upper half of the section (Cores 1, 3, 4,
6,7,9, 11, 17, and 27). Yellowish mottling (10YR 2/1)
at the top of the section grades downsection into more
clearly defined calcareous burrows (2.5Y 7/6). The ex-
tensive bioturbation common throughout the length of
the hole may help to explain the paucity of distinct sedi-
mentary structures and compositional horizons.

The average sand-silt-clay percentages for this unit
based on shipboard examination of smear slides are 6,
13, and 80%, respectively. The major detrital compo-
nent is clay, with minor amounts of quartz, mica, pla-
gioclase feldspar, and other terrigenous material present
in the coarser fractions. Fresh-appearing volcanic shards
occur throughout the length of the section dispersed
within the mud. Distinct ashy horizons (Cores 8, 9, 10,
25, 26, and 34) are remarkably rare considering the
proximity to on-land volcanism in Costa Rica. Glauco-
nite occurs in very small amounts (usually less than 3%)
throughout the hole. The carbonate content of the ma-
jor lithology is seldom greater than 1% except within
burrows, where it may be as high as 30%. Sandy hori-
zons (Cores 21 and 3) also seem few in view of the high
sediment accumulation rates (see the Biostratigraphy
section) and the proximity to land of high relief.

Nannofossils and foraminifers are generally rare and
of mediocre preservation, as are diatoms and radioar-
ians (see the Biostratigraphy, section). The benthic fora-
minifers represent upper bathyal (Cores 1-4), lower to
middle bathyal (Cores 5-6), as well as abyssal provinces
(Cores 7-29). Carbonized plant remains are also present
throughout the cores.

A postdepositional penetrative fabric, best described
as a “scaliness,” is common in the upper half of the
hole (Cores 11, 12, 13, 14, 16) and is interbedded with
massive bioturbated mud or laminated sediment. There
is strong evidence of an inherited in situ fabric, because
the scaliness pervades through a wide range of sediment
induration and corresponding degrees of drilling distur-
bance (commonly present in the centers of biscuits, i.e.,
stiff mud or mudstone broken into squarish chunks dur-
ing drilling). A similar postdepositional structure has been
described for Legs 66 and 67 in the Middle America
Trench and Leg 78A off Barbados.

Minor lithologies. Fine-grained, muddy limestone
(5GY 4.5/1) containing angular sand-sized grains of pos-
sibly volcanic origin was recovered at two horizons (Cores
25 and 34,CC). The latter contained reworked Miocene
and Cretaceous foraminifers (see the Biostratigraphy
section).
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Figure 1. Bathymetric map of the Costa Rica margin showing the location of Site 565 (Volpe and Shipley, this volume).

A dark brownish (10R 4/1) tuffaceous sand about 15
cm thick, recovered in Core 21, comprises predominantly
angular grains of quartz, plagioclase feldspar, minor
hornblende, augite, K-spar, zircon, apatite, and authi-
genic pyrite or marcasite. Another dark brownish sandy
layer (5Y 2.5/1) was recovered in 565-33,CC. The angu-
lar grains contained a broad range of unweathered vol-
canic rock fragments.

DOWNSLOPE SEDIMENT TRANSPORT AND
SEDIMENTARY PROVENANCE

The lower slope of the landward side of the Middle
America Trench is dissected by deep submarine canyons.
Drilling at Site 565 penetrated between two canyons into
a thick sequence of fine-grained slope deposits. Coarse-
grained sediment probably bypassed the slope through
the submarine canyons, accounting for its absence in the
cores recovered.

Several lines of evidence support the argument that
much of the sediment at Site 565 was derived from sources
upslope (Baltuck et al., this volume). Evidence from re-
worked benthic foraminifers clearly demonstrates down-
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slope movement of sediment, whether by mass move-
ment or deposition by turbidites from an environment
1.5 km shallower than the present seafloor (see Biostra-
tigraphy section). Scattered paleomagnetic data indicate
a disturbed sedimentary section, particularly below 50
m sub-bottom (see Paleomagnetics section). Observa-
tions of physical properties show that by Core 3 (less
than 20 m) the sediment is firmer than would be expect-
ed from normal overburden pressures (see Physical
Properties section). This overconsolidation could have
resulted from an earlier, greater pile of sediment over-
burden that has since been removed by mass flow.

Sedimentary facies encountered at Site 565 show that
the predominant mechanism of downslope movement in
between canyons was mass movement. The main sedi-
mentary facies encountered are: (1) scaly mud-mudstone,
(2) pebbly mud-mudstone; and (3) massive mud-mud-
stone.

The scaly mud of much of the section could be an ex-
pression of microshearing of clay particles during mass
flow downslope, as was suggested by Leg 78A data. De-
bris flow deposits are commonly characterized by dis-
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Figure 2. Lithostratigraphy at Site 565. See Introduction and Explanatory Notes chapter (this volume) for

an explanation of lithologic symbols.

persed pebbles within massive mud, which indicates that
during transport there was sufficient matrix strength to
prevent internal sorting. The massive mud contains sand-
and silt-sized grains dispersed through the core. These
could originally have been contained within bedding that
was subsequently disrupted or “homogenized” by mass
movement. Evidence of slumping was visible in core
one that contained folded bedding. Bioturbation occurs

throughout the section and may account for the further
admixture of the sediment, both during sedimentation
and after redeposition.

The presence of mass flow deposits might also ac-
count for the relatively high sediment accumulation
rates (160 m/10% yr. for Cores 1-8, 150 m/106 yr. for
Core 9, and 125 m/10% yr. for Cores 10-32—see Biostra-
tigraphy section) in an area of predominantly silt or mud
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deposition. Bioturbation occurs throughout the section
and may account for the further admixture of the sedi-
ment, both during and after deposition of the mass flow
deposits.

The source of the sediments is problematical, and four
main alternatives are suggested: (1) the Mesozoic Ni-
coya complex exposed onshore in Costa Rica; (2) Ter-
tiary and Quaternary volcanics outcropping extensively
onshore in Costa Rica; (3) strata now covered by slope
deposits west of the Costa Rica shore; and (4) strata dis-
placed laterally or vertically by faulting.

The second alternative is favored, although the sedi-
ment does not contain a high enough percentage of pris-
tine volcanic shards to positively indicate derivation from
the Tertiary and Quaternary volcanic rocks that outcrop
in Costa Rica, at least not without extensive mechanical
reworking and diagenetic alteration.

Several observations of diagenesis were made through-
out the core. Volcanic glass and mafic minerals (horn-
blende, augite) lacked any alteration. Early carbonate
diagenesis was noted from the lithification of sediment
within burrows throughout the hole. In Cores 24 to 34,
authigenic pyrite or marcasite is common. The sulphur
was possibly derived from organic material. All of the
glauconite was detrital, and the dominant clay mineral
was a montmorillonite. Montmorillonite is probably de-
rived from weathering of volcanics, a phenomenon com-
monly observed at DSDP sites.

BIOSTRATIGRAPHY

Introduction

A thick section of Quaternary-late Neogene homoge-
neous trench slope deposits was continuously cored to
328 m (Fig. 3). Benthic foraminifers occur consistently
throughout the cored section in relatively abundant, well-
preserved numbers and offer good statistical data to iden-
tify paleobathymetries and downslope terrigenous ad-
mixture. Calcareous nannofossils are also present through-
out, but in low abundances with moderate preservation
typical of sediments deposited in close proximity to a
terrigenous source. Several key nannofossil zonal mark-
ers occur with enough consistency, however, to allow utili-
zation of Gartner’s (1977) and Okada and Bukry’s (1980)
zonation. Diatoms occur in low abundances through
much of the section and can only be utilized for general
Pleistocene ages at this site.

Early to late Pleistocene sediments are present from
the surface to 565-12-4, 74 cm and can be subdivided by
four nannofossil zones. Late Pliocene sediments occur
from 565-12,CC through 565-30-4, 130 cm, whereas 565-
30,CC is early Pliocene, on the basis of nannofossil da-
ta. Late Miocene benthic foraminifers occur sporadically
in Cores 29 and 30. Cores 565-31 through 565-34,CC con-
tain sediments that range in age from late Miocene-early
Pliocene, on the basis of both nannofossils and benthic
foraminifers. Reworked Late Cretaceous nannofossils are
most prevalent in 565-30,CC through 565-34,CC.

Sediment accumulation rates uncorrected for compac-
tion (Fig. 4) are high through most of the cored interval.
Late Pleistocene sediments (approximately 0-80 m) ac-
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cumulated at the rate of 165 m/m.y. The 10-m interval
from 80 to 90 m is bracketed by two nannofossil zones
and represents close to 1 m.y. of sedimentation, which
yields an accumulation rate of 13 m/m.y. or suggests
the occurrence of a slight unconformity. Sedimentation
resumed a high rate of accumulation in the early Qua-
ternary-late Neogene (90-328 m), when the average rate
was 125 m/m.y.

Ecologic analysis that is based on benthic foraminif-
eral faunas indicates a gradual uplift from abyssal depths
(=4000 m) in the early Pliocene-late Miocene to lower
middle bathyal depths (1500-2000 m) in the late Pleisto-
cene and then subsidence to the present depth of 3100 m.
Throughout the Pleistocene and late Pliocene, material
was transported from the upper and middle slopes.
Transported specimens compose over 50% of the ben-
thic fauna and thus obscure the abyssal fauna. During
this interval, water depths may have been great enough
to have encountered the foraminiferal CCD and thus be
responsible in part for the low numbers of in situ speci-
mens. In Sample 565-29,CC and below, transport from
the upper and middle slopes decreases abruptly. In this
lower interval, transported specimens from the lower
middle bathyal and lower bathyal biofacies occur in as-
sociation with well-developed abyssal faunas.

Calcareous Nannofossils

Calcareous nannofossils occur consistently through-
out this section in rare to frequent abundances, with pre-
servation ranging from poor to moderate because of dis-
solution. Heavy terrigenous mixing throughout the in-
terval and close proximity to the nannofossil CCD, es-
pecially in 565-7,CC to 565-28,CC, as documented by
benthic foraminifers, are the significant factors contrib-
uting to the low nannofossil abundances and etched
preservation. Species that indicate cold surface-water tem-
peratures, such as Coccolithus pelagicus, are extremely
rare, which suggests that paleotemperatures were not
prohibitive.

Nannofossil zonal markers, though rare, are present
throughout the section and allow utilization of Gartner’s
(1977) detailed zonation for the Pleistocene and Okada
and Bukry’s (1980) zonation for the Pliocene and older
(see Fig. 3). Low diversity of the Discoaster assemblage
until terrigenous admixture became less (565-29,CC)
does not allow a precise subdivision of Bukry’s Discoas-
ter brouweri Zone, but both the top and bottom of this
zone are well defined by last appearance datums (LAD)
of both D. brouweri and Sphenolithus neoabies.

Reworking of Cretaceous nannofossils is rare to ab-
sent from the Pleistocene to late Pliocene interval through
565-29,CC. Late Cretaceous reworking becomes more
prevalent within the late Miocene to early Pliocene in-
terval from 565-30,CC to 565-34,CC. Very rare species
reworked from the Oligocene and Pliocene are also in
565-5,CC (Pleistocene) but are never a significant as-
semblage constituent.

Core 1 is tentatively assigned to the Emiliania huxleyi
Zone and contains frequent Emiliania cf. huxleyi.

Section 565-2-1 through Sample 565-8-2, 109 ¢cm are
assigned to the late Pleistocene Gephyrocapsa oceanica
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Figure 4. Sediment accumulation rates (uncorrected for compaction) for Site 565.

Zone and are dominated by Calcidiscus leptoporus and
small Gephyrocapsa spp. (sensu Gartner, 1977). Core 7,
which has a common abundance of nannofossils with
moderate preservation, contains the first rare but con-
sistent appearance of the reworked Cretaceous species
Watznaueria barnesae. Soft, light gray angular calcare-
ous blebs in Core 2, Section 3, which are well lithified in
Core 4, Section 4, contain overgrown Neogene species
and are therefore not reworked from significantly older
sediments.

The interval at 565-9-4, 106 cm through 565-9,CC is
barren of nannofossils, but 565-10,CC contains the first
appearance of Helicosphaera sellii along with Pseudo-
emiliania lacunosa. The combined presence of these two
species is indicative of the early Pleistocene Helicosphaera
Zone.

The interval of 565-11,CC through 565-12-4 contains
the first rare appearance of Calcidiscus macintyrei, which
would place it within the early Pleistocene C. macintyrei
Zone.

The first consistent occurrence of Discoaster brouwe-
ri occurs at 565-12,CC which indicates that the Plio-
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cene/Pleistocene boundary falls within Core 12; 565-
12,CC through 565-30-4, 130 cm are assigned to the late
Pliocene Discoaster brouweri Zone and contain a nan-
nofossil assemblage that is not of sufficient diversity to
warrant further subdivision. Discoaster brouweri ranges
throughout this interval, but other important Discoaster
zonal markers such as D. pentaradiatus and D. surculus
are absent until 565-29,CC. Discoaster tamalis and oth-
er significant early Pliocene-late Miocene Discoaster spe-
cies were not observed.

Section 565-30,CC contains the first appearance of
Sphenolithus neoabies and is assigned to the early Plio-
cene Reticulofenestra pseudoumbilica Zone. Reworked
Late Cretaceous species, including the late Maestricht-
ian species Micula mura, become most consistent within
this core and continue to occur with regularity to 565-
34,CC.

Sections 565-31,CC to 565-34,CC contain the same
low-diversity nannofossil assemblage present in 565-
30,CC, along with the rare occurrence of Miocene spe-
cies Catinaster aff. mexicanus and very rare Discoaster
berggrenii. A specific zonal assignment for this interval



is not possible, and only a general age designation of
late Miocene-early Pliocene is applicable.

Benthic Foraminifers

Pleistocene through latest Miocene benthic assemblages
are recognized at Site 565. The Pleistocene assemblages
(Cores 1 through 11) are dominated by numerous spe-
cies of Bolivina and Uvigerina (U. peregrina, U. hispida,
and U. rustica). Most of these species are living today
off Central America (Smith, 1964). Pliocene assemblages
are recognized in Cores 12 through 28. Bolivinid species
disappear from the assemblages, whereas the uvigerinids
and buliminids (Bulimina mexicana, B. rostrata, and B.
marginata) dominate. Because downslope transport re-
mains high throughout these intervals, this faunal change
is only partially the result of the increased water depths.
A Pliocene age is corroborated by the nannofossils.
Core catchers of Cores 29 and 30 are interpreted as early
Pliocene, based on nannofossils. Cibicidoides bradyi and
Nodosaria lamellata, which are thought to range no
higher than the Miocene/Pliocene boundary, are rare in
this interval. These species may be reworked into the
lower Pliocene. In Cores 31 through 34, the benthic fo-
raminiferal assemblage changes and numerous new spe-
cies appear. Rare to few Miocene species such as Pleuro-
stomella alternans, Cibicidoides bradyi, C. kullenbergi,
Osangularia culteri, and Nodosaria lamellata appear.

Benthic foraminiferal species at Site 565 indicate that
deposition occurred in the lower middle bathyal to abys-
sal biofacies. These biofacis today correspond to depths
of 1500 to 4000 m (Smith, 1964; Ingle, 1980). Faunas in
Cores 1 and 3 are dominated by lower middle bathyal
species such as Uvigerina hispida and U. rustica. Trans-
ported specimens are from the upper bathyal and upper
middle bathyal biofacies. Lower bathyal species appear
rarely in 565-3,CC and commonly in 565-5,CC thus sug-
gesting an increase in water depth downhole. Transport
from the upper bathyal and upper middle bathyal bio-
facies continues to be high. These lower bathyal faunas
are dominated by the smoother forms of Uvigerina (U.
hispida and U. senticosa), smoothly finished agglutinat-
ed species (Eggerella bradyi and Karreriella bradyi),
abundant gyroidinids, and Pullenia bulloides. Abyssal
species are rare in the upper cores but become a signifi-
cant portion of the fauna in Cores 7 to 34.

In Cores 7 to 28, abyssal species (Bulimina rostrata,m
various species of Cibicidoides, and Laticarinina pau-
perata) constitute 5 to 10% of the fauna, diversity is rel-
atively low in this interval (less than 30 species/sample),
and transported slope species are abundant. In Cores 29
to 34, the abyssal faunas become more dominant. This
change is accompanied by a rapid drop in the amount of
transported shelf and upper-slope species. Transported
specimens are not principally from the lower middle bathy-
al and lower bathyal biofacies.

Diatoms

Siliceous microfossils are rare in abundance through-
out most of Hole 565. Preservation is also generally poor.
The siliceous remains consist mostly of small diatom
and radiolarian fragments that exhibit effects of both dis-
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solution and mechanical destruction. Selected intervals
were cleaned of organic matter and concentrated in the
hope of obtaining an assemblage with sufficient diag-
nostic species to allow for biostratigraphic interpreta-
tion.

Relatively high diversities were encountered in Cores
1, 2, 4, 8, 13, and 16. Below 565-16,CC there were no
significant accumulations of diatoms or radiolarians.

The most stratigraphically useful diatom species that
occur at this site are Coscinodiscus nodulifier, Hemidis-
cus cuneiformis, Nitzschia reinholdii, Roperia tesselata,
Nitzschia cylindrica, Thalassiosira oestrupii, Pseudo-
eunotia doliolus, and Rhizosolenia praebergonii. P. do-
liolus occurs in Cores 1 through 8. This diatom makes
its earliest appearance in the lower part of the Olduvai
Event (Burckle, 1977a), suggesting that the Pliocene/
Pleistocene boundary falls below this interval. Rhizoso-
lenia praebergonii ranges from mid-Pliocene to just af-
ter the Olduvai Event in the lower Pleistocene (Burckle,
1977a). This species was encountered in Cores 1, 3, 4, 8,
and 16. An increase in abundance of Thalassiosira oes-
frupii, which occurs just below the Brunhes/Matuyama
boundary in the lowermost Pleistocene (Burckle, 1977a), is
further support for the placement of the Pliocene/Pleis-
tocene boundary below Core 8. Mediaria splendida is a
species that became extinct by the mid-Miocene (Bar-
ron, 1976). Its occurrence in Core 8 is an indication of
reworking of Miocene sediments. The top or last occur-
rence of Nitzschia cylindrica is put in the middle of the
Gilbert, or lower Pliocene (Saito et al., 1975). It also oc-
curs in Core 13, which places the Pliocene/Pleistocene
boundary above this interval.

The silicoflagellate Mesocena elliptica is reported to
have been deposited from the late Pliocene to early Pleisto-
cene (Burckle, 1977a and b). Its occurrence in Core 13
suggests an age of late Pliocene at the earliest. Low
numbers and poor preservation prevent any age determi-
nations other than to suggest that the core represents a
range from middle or early Pleistocene to middle or late
Pliocene, with reworked Miocene material included.

PHYSICAL PROPERTIES

Methods

Measurements of bulk density, water content, shear
strength, and sonic velocity were performed on samples
from this site. Bulk density measurements obtained by
continuous analog GRAPE are questionable because of
the amount of gas disturbance within some cores and
the undersized core resulting from the use of a smaller-
diameter bit. Two-minute GRAPE counts were utilized
for the bulk densities discussed as well as to calculate
porosity, assuming a grain density of 2.65 Mg/m? and a
fluid density of 1.025 Mg/m? (an exception is a lime-
stone sample for which the grain density is assumed to
be 2.70 Mg/m?). Water content was obtained by drying
and also utilized in combination with bulk density to
provide another measurement of porosity. Vane Shear
(shear strength) measurements were performed utilizing
a hand-held Torvane on split cores, perpendicular to the
bedding plane. Sonic velocities were measured in the Ham-
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ilton Frame velocimeter. Further discussion of methods
may be found in Boyce (1976).

Results

Bulk density, wet-water content, and porosity for the
sediment column are shown graphically in Figure 5. Bulk
densities show an inverse relationship to wet-water con-
tents and porosities, as expected. Wet-water content shows

a rapid decrease in the upper 20 m from 60 to 40% and
then becomes variable around an average, decreasing to
approximately 35% at 300 m. Porosity and bulk densi-
ties show similar trends of gradual decrease and in-
crease, respectively. The variability of these data points
reflects the presence of gas-charged sediments, which
upon release of in situ pressure become disturbed to var-
iable degrees. Sampling for physical properties was lim-
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Figure 5. Index properties of sediments from Site 565.
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ited to least-disturbed sediments and to lithified chunks
of mudstone encountered below a depth of 126 m. These
mudstones often show scaly or platy fracture and were
easily crumbled when they were prepared for 2-minute
GRAPE and sonic velocity measurements.

Sonic velocities obtained show an overall increase
with depth from approximately 1.5 km/s at surface to
about 1.7 km/s at 300 m subsurface (Fig. 6). The sharp
decrease shown between 40 and 70 m is probably the
result of the degassed structure of unindurated sedi-
ments and their corresponding high attenuation. Below
90 m the velocities follow the overall trend, although at-
tenuation was also quite high at times. The degassing in
more indurated sediments may have occurred along bed-
ding planes and thus preserved the sediment structure,
allowing more successful measurements of the received
sonic signal.

Shear strength measurements were performed until
the gas disturbance within the cored sections had altered
these to the extent of making any further measurements
simply a study of sediment remolding, not at all charac-
teristic of the in sifu condition. Figure 7 shows the rapid
increase in shear strength encountered in the drilled col-
umn and also plotted is the effective overburden for the
uppermost 35 m. Gas is present below 20 m, causing ex-
treme variability of results, although a few points may
still be indicative of the true rate of change in shear
strength with depth. This rate increases abruptly from
10 kPa at 2.5 m to 58 kPa at 27.9 m; then a slower rate
emerges, which is questionable because it is difficult to
assess the degree of disturbance caused from degassing.

Discussion

The physical properties from Site 565 reflect the lith-
ologic continuity and presence of gas within the sedi-
mentary column. Two interesting observations from the
obtained data are (1) the rapid increase of shear strength
within the upper 30 m, also reflected in the rapid in-
crease of bulk density and decrease of porosity and wet-
water content, and (2) the uniformity of the remainder
of the column. These profiles are typical of many ma-
rine sediments as presented by Hamilton (1976). The rapid
decrease of water content and porosity may in effect re-
flect the typical dewatering stage in consolidation of
clays, suggesting good permeability paths that may also
provide a mechanism for loss of generated methane to
the water column in the upper sedimentary column.

GEOPHYSICS

The geophysical data around Site 565 include some
bathymetric records and magnetometer measurements
made by the Challenger, a University of Texas (UT)
common depth-point (CDP) seismic reflection record
crossing the Trench and extending up the slope to within
2 or 3 km of the Nicoya Peninsula, and three measure-
ments of temperature in the drill hole to a depth of 200
m. This section also discusses evidence of possible ele-
vated pore pressures at about 300 m depth where the
hole seemed to constrict around the drill pipe, finally
causing us to abandon the site.

SITE 565

Passing Cabo Blanco at the southeastern end of the
Nicoya Peninsula and transiting about 50 km north to
the UT seismic transect, the Challenger’s echo sounder
defined a broad canyon in the landward slope of the
Trench (Fig. 8). This canyon is a broad swale in the charts
of general bathymetry. Just beyond, on a rilled slope to
the northwest, is the UT seismic transect. Smaller chan-
nels were revealed in bathymetric records from the Chal-
lenger survey around Site 565 (Fig. 9). Thus the Trench
slope just seaward of the Nicoya Peninsula is character-
ized by canyons tens of kilometers across to channels
hundred of meters across. A detailed survey might re-
veal individual sites of deposition or erosion and tecton-
ic escarpments only suggested by the present data.

The CDP seismic reflection record was made in 1977
using a Maxipulse sound source and a 24-channel re-
cording system. Emphasis on the low frequencies in the
processing of these data brought out reflections from
the igneous ocean crust. This crust can be traced from
the Middle America Trench essentially to the Nicoya Pe-
ninsula (Fig. 10). At the Trench, sediment being sub-
ducted with the ocean crust is seen clearly in the first 12
km before the strata are obscured by seismic noise. Above
the subducting ocean crust is a body of rock that ap-
pears seismically structureless. This body of rock is an
extension from the Nicoya Peninsula of the rock that
forms the continental framework. It has velocities char-
acteristic of consolidated sedimentary rock or altered ig-
neous rock (i.e., serpentinite), although its velocity struc-
ture has not been established in detail. A somewhat ir-
regularly stratified sequence of slope deposits has cov-
ered the structureless body. The drilling at Site 565 was
in the upper part of the slope deposits.

At Site 565, reflections in the lower part of the slope
deposits have high amplitudes. These reflections are bro-
ken by a series of small normal and reverse faults (Fig. 11).
The upper part of the slope deposits have few reflec-
tions, and thus little structure can be seen. The low am-
plitudes of these reflections are consistent with the mas-
sive mudstones recovered.

The magnetic anomalies observed during the Chal-
lenger transect show a smooth, 130-gamma seaward de-
crease in the Earth’s total magnetic field values. This
fact suggests an absence of igneous materials in the rock
sequence that makes up the continental framework sea-
ward of the Nicoya Peninsula, however serpentinite or
the product of low-temperature diagenesis could have a
low magnetic field also.

Temperatures in the hole were measured during drill-
ing with the in situ probe. The first of three measure-
ments is suspect, but good results were obtained from
the last two attempts (Fig. 12). A minimum gradient of
10°C/km can be read using only the subsurface points,
but a conservative maximum value using the tempera-
ture of the water at the seafloor is 25°C/km. The latter
value is consistent with the temperature gradients mea-
sured off Guatemala.

The last 30 m of the hole were difficult to drill be-
cause the bottom-hole assembly became stuck as the hole
constricted. This sticking was accompanied by back
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pressures measured at the drill rig of 250 to 350 Ib, and
during 5- to 10-min. periods water flowed out of the
drill stem at the rig floor, which is 10 m above sea level.
This reverse flowage could have been caused by (1) a
normal back flow from settling of the weighted column
of fluids carrying chips up the anulus of the drill hole or
(2) a zone of overpressured fluids and resultant heaving
or closing of the drill hole where sticking began. The
zone of drilling difficulty corresponds to the zone of re-
coverable gas hydrate.

The drilling evidence for distinguishing between ele-
vated pore pressure and back flow is inconclusive. None-
theless, elevated pore fluid pressure is a likely phenome-
non in zones of convergent tectonism, and its presence
was anticipated along the Costa Rican subduction zone.
The 300 m of rapidly deposited massive mudstone will
impede any fluids migrating from below. If large amounts
of sediment are being subducted and underplated at the
front of the margin, as suggested by the seismic records
and by the rapid uplift at Site 565, the pore fluids are
quickly in disequilibrium and they will tend to migrate
upward.

PALEOMAGNETICS

At least one oriented sample was taken from each 1.5-m
section of core where the core material was consoli-
dated. Unconsolidated core material was not sampled.
Samples were taken by pressing 2.5-cm plastic cubes in-
to the flat split core surface. The natural remanent mag-

Q
o
E —0
m
Eo
23
<0 -
(I s
I!|||||| Il N E
T 1000 <
a
@
L=
=
I~ o
—
il i|
| - 2000

Figure 8. Bathymetric profile made by Glomar Challenger in transect to Site 565.
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Figure 9. Detailed bathymetry around Site 565 from a survey made by
the Glomar Challenger. Track lines are shown by ticks on con-
tours. Further detail is shown in sketches of the fathometer re-
cords, with black arrows indicating locations.

netization (NRM) of each sample was then measured
using the on-board Digico spinner magnetometer.

The NRM inclinations and intensities for Hole 565
are plotted in Figure 13. Inclinations are calculated with
respect to the horizontal plane, assuming that each core
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was oriented vertically, and are positive in the down di-
rection, corresponding to normal magnetic polarity at
this site. The inclinations are scattered, with many show-
ing very high positive values much greater than the ex-
pected value for a site at this latitude (11°N). However, a
tentative assignment of polarity zones is presented in
Figure 13, along with ages of magnetozone boundaries
that are relatively well defined. The NRM intensities are
initially high (105 emu/cm?) but drop rapidly to about
10~ emu/cm? at a depth of 20 m. Between depths of 20
and 40 m the intensities are very scattered. A possible
reason for this scatter is the inclusion of relatively large
fragments of magnetic material, possibly tuffaceous.
Below 40 m the intensities decrease fairly smoothly to
the mean value for the remainder of the hole; approxi-
mately 2 x 10-7 emu/cm?. Detailed alternating-field-
demagnetization experiments were performed on several
of the samples. The change in intensity of magnetization
for one of these samples is shown in Figure 14. During
demagnetization, the magnetic inclination decreased
from an initial value of —30° to —7° at 350 Oe peak
field. It then remained fairly constant up to 650 Oe.
This behavior indicates the presence of two magnetic
components, with the least stable one being responsible
for almost all of the initial NRM intensity. All samples
down to a depth of 100 m were demagnetized at 150 and
350 Oe. Below 100 m, the samples were too weakly mag-
netized to measure after demagnetization. Stratigraphic
plots of the demagnetized inclinations did not differ
greatly from the NRM data in Figure 13, with little or
no decrease occurring in the scatter at either 150 or 350
Oe. However, the magnetic intensities were very low af-
ter 350 Oe demagnetization, and much of the scatter oc-
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Figure 10. Seismic profile CR-7 of the Middle America Trench and slope off Costa Rica.
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Figure 11. A. Seismic record processed by Shipley et al. (personal communication). Large arrow shows approximate location of left (SW) boundary
of line drawing (B.). B. Line drawing interpretation showing reflections and small faults.

curring at this point could have resulted from instru-
mental noise.

GEOCHEMISTRY

The shipboard geochemistry program for this site was
designed to study the history of hydrocarbon gas gener-
ation in order to gain background information on the
origin of gas hydrates (in case they were encountered
here). Although no bottom simulating reflector (BSR)
characteristic of the base of gas hydrate had been ob-
served on seismic records crossing this site, other seismic
lines from offshore Costa Rica commonly show BSRs
which suggested that gas hydrates might be present (Shi-
pley et al., 1979). In addition, the observations of gas
hydrates during drilling on Leg 66 (Moore, Watkins, et
al., 1979) and Leg 67 (von Huene, Aubouin, et al., 1980)
on the landward wall of the Middle America Trench,
offshore Mexico and Guatemala, point to the likely oc-
currence of gas hydrates in similar geologic settings off-
shore Costa Rica.

Gas Analyses

Gases were obtained directly from gas pockets that
developed as sediment separated in the core liner as a
result of gas expansion. Gas pockets were sampled by
means of a hollow punch with a valve to prevent imme-
diate gas release. After the punch penetrated the core
liner, gas was vented through the valve into standard 20-
ml evacuated containers called vacutainers. The collect-
ed gases were analyzed by gas chromatography. Hydro-
carbon gases, methane (C,), ethane (C,), propane (C,),
iso and normal butane (i-C4 and n-C,), and iso, normal,
and neopentane (i-Cs, n-Cs, and neo-Cs) were measured
in gas pockets developed below about 57 m depth sub-
bottom (Table 2). C, was the dominant gas; C,/C, ratios
decrease exponentially with depth (Fig. 15, a trend com-
monly observed at many DSDP sites; Claypool, 1976).

In addition to the analyses of gases in gas pockets,
two sets of sediment samples were collected for gas anal-
yses by headspace techniques. One set was analyzed on
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Figure 12, Temperature measurements and geothermal gradient at Site
565 and off Guatemala; SFC = sediment surface.

shipboard (Kvenvolden and McDonald, this volume) and
the other on shore (McDonald et al., this volume).

Gas Hydrates

Cores containing high concentrations of gas were gen-
erally recovered at sub-bottom depths below 175 m. At a
sediment depth of 285 m, a white, icelike material (about
1 X 1 x 0.3 cm) was observed through the core liner in
a region of degassing sediment, indicated by bubbles.
The core liner was cut at this point and two pieces of the
material were removed. The pieces decomposed before
appropriate analyses could be made. The behavior of
the material suggested gas hydrate.

At a sub-bottom depth of 319 m the material expelled
from the lower end of the core barrel of Core 33 con-
tained several pieces of muddy sandstone that fizzed and
were cold to the touch. When these pieces were broken
open, the expulsion of gas increased and fizzing contin-
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ued. No quantitative measurements could be made on
these samples, but the samples very likely contained gas-
hydrated sediment.

In the core catcher of Core 33, probably just below
the sandstone bed, was a 1.67-g (about 1.5-cm?) piece of
white, icelike substance that was recovered from very stiff
mud. This sample was placed in a pressure device. The
calculated volume of gas released upon sample decom-
position was about 133 times greater than the volume of
water. Salinity of this water was determined to be 1.1
parts per thousand (%o).

A sample of this released gas was analyzed by gas
chromatography aboard ship. Of the gas within the pres-
sure device, 89.1 vol.% was C,; and the remainder mostly
air that could not be purged from the device before the
gas samples were removed for analyses. C, and C; were
present in amounts of 444 and 5 parts per million (ppm)
by volume, respectively. Of particular interest is the fact
that the relative concentrations of gases larger than i-C,,
that is, n-Cy, i-Cs, and n-Cs, are essentially absent (i-Cs
was present in concentrations less than 1 ppm). This ob-
servation contrasts with the distribution of hydrocarbon
gases recovered elsewhere at this site where C, through
Cs hydrocarbons commonly are present (Table 2). The
results from the pressure device indicated that the white
substance was probably gas hydrate, because the ob-
served distribution of gas could be explained on the ba-
sis of the sizes of the cages in the hydrate structure. Hy-
drocarbon gases larger than i-C, cannot be included in
gas hydrate structures, whereas C,;, C,, Cs, and i-C, fit
within the cages (Hand et al., 1974).

Therefore, three lines of evidence indicate that the
white, frothing, icelike substance sampled in Core 33 was
gas hydrate: (1) The ratio of the volume of C, to the vol-
ume of water resulting from the decomposition of the
substance was about 133 to 1. The maximum, theoreti-
cal ratio for fully saturated C,; hydrate is 170 to 1. In
contrast, the solubility of C; in water at the in situ pres-
sure-temperature conditions of this sample is about 4 to
1. Clearly, the amount of C, released exceeds its solubil-
ity in water by a factor of about 30. (2) The salinity of
the liquid remaining after sample decomposition is
1.1%. This value contrasts with the pore fluid salinity
of nearby sediment of about 25%o. The low salinity val-
ue suggests water from a decomposed gas hydrate, be-
cause in gas hydrate formation inorganic ions are ex-
cluded from the lattice structure of water molecules. (3)
The distribution of hydrocarbon gases recovered from
the decomposition of the sample can readily be ex-
plained in terms of the crystallography of the gas hy-
drate structure.

Interstitial Water Chemistry

Inorganic geochemical parameters measured from the
pore water samples were calcium, magnesium, chlorini-
ty, salinity, alkalinity, and pH (Fig. 16). The trends of
these parameters approximate trends seen earlier on Leg
67 (Hesse and Harrison, 1981). The unusual decrease
with depth of salinity from about 35 to 24%e and of chlor-
inity from about 19 to 14%o may result from the presence
of gas hydrate.
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Figure 13. Stratigraphic plot of NRM data for Site 565. A tentative correlation of magnetozones with the
standard polarity time scale appears on the right-hand side (black areas indicate normal, white, reverse

polarity).

Summary

How the gas hydrates are distributed in sediments at
Site 565 is not known. Most of the gas hydrate may have
decomposed as a result of the drilling process. Appar-
ently the gas hydrate at this site does not form massive,
solid layers. The gas hydrate may be dispersed through-
out these fine-grained mudstones, but preferentially may
favor the sandstone encountered. Gas in hydrate and

SITE 565

nonhydrate form is probably intimately associated in the
sediments at this site with the gas hydrates more likely to

be found in the more porous sediments.
SUMMARY AND CONCLUSIONS

Site 565 on the landward slope of the Middle Ameri-
ca Trench off the Nicoya Peninsula of Costa Rica was
drilled in 3111 m of water to 328 m below the seafloor.
The site is about 27 km landward of the Trench axis on a
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Figure 14. Alternating field demagnetization of Sample 565-1-7, 39~
41 cm.

small raised area between two of the numerous small
canyons, spaced 1 to 3 km apart, that are common to
this slope.

The problems that brought Glomar Challenger to this
site are revealed in a seismic reflection record taken in
the field by J. Watkins with the University of Texas facil-
ities and studied by R. Buffler and T. Shipley (Shipley et
al., 1982). The record has three basic geologic units.
The upper unit is a somewhat irregularly stratified slope
deposit in which the upper part has reflections of low
amplitude and the lower part has more continuous high-
amplitude reflectors. (The hole was only drilled through
the low-amplitude upper part; about 550 m of lower
slope deposits were undrilled.) At the base of the slope
deposits, a strong and commonly diffracted reflection
marks the top of the next unit and indicates a funda-
mental geologic break. This unit has few reflections and
shows little structure. The main tectonic objective was
to identify the age and characteristics of the rock that
makes up either the front of the continent or an accre-
tionary complex. The seismically structureless unit is in
turn underlain by clear reflections from the subducting
oceanic crust. The crust can be traced in this seismic re-
cord from the Trench to the Nicoya Peninsula, and at
the site the crust is about 5 km below the ocean floor.
Along the first 12 km of the subduction zone, clear re-
flections from strata are seen above igneous ocean crust
that indicate extensive subduction of sediment. No struc-
ture indicating an imbricated accretionary prism can be
seen.
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Figure 15. Ratios of methane to ethane (C,/C,) with depth at Site 565.

Another objective at this site was to recover and study
naturally occurring gas hydrate. Gas hydrate from two
cores was not only observed visually but was contained
prior to total decomposition and was studied physically
and chemically.

The first 30 of the 34 cores recovered at Site 565 con-
tained a dark, olive gray mud and mudstone with only
two recognizable ash layers and two thin beds of sand-
stone in the 328 m drilled. Despite sediment accumula-
tion rates of more than 100 m/m.y., the sediment be-
came surprisingly stiff in the first 30 m. The sediment
was locally highly bioturbated, showed two small slump
folds, and locally contained calcareous mudstone clasts
of older materials in a pebbly mudstone lithology. At
Core 30, a 10-cm thick, hydrated, muddy, fine-grained
sandstone was recovered that seemed to mark a major
lithologic change. Drilling rates indicated hard and soft
layers, but recovery was very poor and consisted only of

Table 2. Distribution of hydrocarbon gases at Site 565.

Sub-bottom

depth C Cy c3 g "C4 neocs iCs "Cs
Core-section (m) (%) (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm) (ppm)
6-6 56 50 16 2.9 1.10 0.17 — 0.48 0.08
19-4 177 85 110 5.2 1.90 0.28 0.02 1.70 0.07
21-3 195 78 100 7.8 2.40 0.37 0.01 2.70 -
223 204 80 97 6.8 1.90 0.42 - 2.00 —
22-6 209 80 92 6.1 1.80 0.38 0.03 2.20 0.03
23-5 217 79 130 5.2 1.60 0.27 0.02 1.50 0.04
25-6 236 43 7 4.9 1.40 0.26 - 1.00 0.03
26-4 243 55 130 6.2 1.80 0.23 1.10 —
27-2 250 48 140 s ) 2.30 0.32 —_ 1.30 0.03
29-2 270 65 280 11.0 3.00 0.43 — 1.30 —
31-5 293 32 130 1.5 0.85 0.11 0.11 1.00 0.04
34-1 320 69 280 5.7 1.70 0.26 - 1.50 0.16

Note: — indicates no perceptible quantity.
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Figure 16. Interstitial water geochemistry at Site 565.

hard mudstone; the softer materials were probably washed
away. The upper slope sequence thus consists of a hemi-
pelagic mudstone, and perhaps its position in an inter-
canyon channel area explains the very small amount of
sand recovered. The lithologic evidence of abundant re-
worked material from upslope, slumping, and the dis-
ruption and mixing of ash layers and perhaps sand-
stones all argue for considerable downslope mass move-
ment and some density current transport on a slope that
averages about 2.5° and is locally 5°.

Nannofossiis, benthic foraminifers, and diatoms in-
dicate a normal stratigraphic sequence from Quaternary
probably to the top of the Miocene. The benthic forami-
niferal communities from upslope are abundant and show
the same downslope transport as seen in the lithostratig-
raphy. At Core 30 a change in provenance with a marked
decrease in upper slope materials and an increase in
mid-slope components corresponds with the change in
lithology. Also beyond Core 29 the nannofossil flora
contain a significant number of reworked Cretaceous
forms, one of which is restricted to the Maestrichtian
period. It would appear that a Cretaceous outcrop oc-
curred in the upslope of this site during the latest Mio-
cene or early Pliocene.

Physical properties measurements show a very rapid
increase of shear strength in the upper 30 m and a slow-
er rate of change thereafter. These measurements indi-
cate probable overconsolidation at the top of the section
and an underconsolidation near the bottom. One expla-
nation for the overconsolidation consistent with the oth-
er observations is a disturbance from downslope mass
movement that rearranges particles, thereby releasing gas
or draining fluids from the upper part of the sequence.
The scatter of paleomagnetic poles and weak remanent
magnetism are attributed to this process also. The possi-
ble underconsolidation cannot be attributed convincingly
either to degassing or to elevated pore pressure, but the

latter is also one of two explanations for the behavior of
the drilling fluids as the hole conditions deteriorated
and finally caused us to abandon the hole.

Core and geophysical data indicate very little tecton-
ism in the upper 300 m of slope deposits at Site 565. In
the last 3 to perhaps 8 m.y. the upper plate of the Mid-
dle America Trench subduction zone seems to have been
uplifted. The upper plate has not been faulted or folded
sufficiently to produce a detectable surface scarp, or to
show faults at the tens of meters resolved in the seismic
reflection record, or to produce faults at the scale of the
core. These observations indicate considerable decoupling
of the upper from the lower plate, because in 3 m.y.
about 300 km of ocean crust have been subducted. De-
coupling could be caused by high or near lithostatic
pore pressure, as suggested for thrust faults by Hubbert
and Ruby (1959), but at Site 565 such overpressure could
not be convincingly documented. The uplift must result
from some form of underplating, because the slope de-
posits are not rotated by the successively imbricate slices
observed elsewhere in subduction accretion complexes.

Three lines of evidence document the recovery of gas
hydrate: (1) the 133 to 1 ratio of the volume of methane
gas to the volume of water resulting from decomposi-
tion of the white icelike substance, or 30 times more meth-
ane than can be contained in methane-saturated, nonhy-
drated water; (2) a water salinity about 25 times lower
than the salinity of the pore fluids; (3) the composition
of the liberated gas, which is most easily explained in
terms of the crystal structure of hydrate. The interstitial
water chemistry is also appropriate for the existence of
gas hydrate in this sediment, as suggested by Harrison et
al. (1982). But just how the hydrate is distributed in the
sediment was not resolved. The hydrate at this site does
not appear to form massive layers. It was not found in
the massive mudstone except perhaps in very small
amounts dispersed in fractures or other rare voids. De-
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spite a careful watch for hydrate as the core came on
deck, no amounts large enough to remain in the solid
form during core recovery were seen. Hydrate appeared
in associated with a 10-cm sandstone and in a zone that
may have been relatively more porous because of frac-
turing, as suggested by poor core recovery and unstable
hole conditions. Gas hydrate may be dispersed in small
concentrations throughout the massive mudstone but it
appears to form 1- to 3-cm masses in fractures or it fills
the voids in a sandstone. Thus free gas and gas hydrate
may coexist at this site, with gas hydrate found preferen-
tially in porous sediment.
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‘fg §§ g § i E § tﬁw&'gv F LITHOLOGIC DESCRIPTION ‘TE g% § E E E g Lﬁ?ﬁ;ﬂo’gv LITHOLOGIC DESCRIPTION
A HHEH B $5E N HEEH EoEd S
sl BHEHEHE THH - AHEHHE £l

upper Plaistocens
Gephyrocapss ooesica

£9¢ HLIS

.

Dominant litholagy: massive mud with comman mottling Daorminant lithology: massive mud with mottiing comman

throughout the core, Color; dark greenish gray (G 4/1)

Whitisn [5Y 8/1] ; dark h gray (BGY 4/1),
. Wi Color: dark greenish gray (BGY 4/1) Mottting
f BY /8
i & SMEAR SLIDE SUMMARY (%):
] SMEAR SLIDE SUMMARY (%) 1,133
i . 1,20 2,127 162 4,89 . “
ity yollow oM M Texture:
i (EY 7/B) bayer p— N Sond 10
| Sand 3 3 w2 8 st 12
Siit 17 B 2 30 ARy Clay 7%
] Dk arganic g:mmiﬁon- x| R } Yoliowts: B2 ::::mw 6
; - trfinig of
motiing Quartz 8 1 1 8 e Q"%Sj Feldspar H
Feldspar 2 1 - 3 Haavy minerals Tr
Hesvy mimeraly 1 3 1 k] Chry 78
Clay 8 78 78 Volcanie glas T
" Valcanic glass 2 W = - Glaucunite 3
Glauconita ' ¥ = 7 Slight trace o1 Focal peliers 10
Zrolite - 1 - 1 carbonate (<1%)
Cale. annofossii —  — B4 — CARBONATE BOME (% CaCO4l:
. Fecal patiets - - 42 - 1, 15em=0
[ CARBONATE BOMB (% CaCOy).
*L &Y /6 mottiing, 1,80em=0
sightly harder,
20% Cal0y
P 2
H
! ¢ §
! g
4 5
1 &
H
i El 5 ellowish mottling s abave
t 3 o
E 5G 4/2 mottling

. BY 7/8 mattling
slightly

| e cemented

Light clamt (sh?}

Yellowish
motting
a3 abave

I Graysh wilr layer

Mattling s
above




S| 565  HOLE CORE CORED INTERVAL 77.0-86.5 m sub-bottom SITE 565  HOLE CORE 10 CORED INTERVAL B6.5-96.0 m sub-bottom
2 FOSSIL 1 ] ===
. |% CHARACTER . [% CHARACTER
& |zu(z]2]2 zZ|l 2 MR EE @
2 5| = w 3 2 w
1 EHHEE o R e LITHOLOGIC DESCRIFTION S EHHEE E s | GRAPHIC, LITHOLOGIC DESCRIFTION
a 2 o P - -4
S HEEHBHE g A HE A :
= |z % ] 3|z £ F § : z|E £
EREEIHE i = [2)3]z]d E
Ashy particle
Stighly Dominant lithology: massive mud with mottiing commin Dedminant fithology: massive mud with comman mettiing
calcarsous theougheut 1he care. Color: dark greenish gray (SGY 4711, i throughout the core. Color: dark greenish gray I5G 4/1),
manthing Durk mattling as 3t base of Section 7 Pl ightly
1 - 1 mottiing SMEAR SLIDE SUMMARY [%):
2,65 3,82 3,1237,28
SMEAR SLIDE SUMMARY (%) 5 D D
LB 2,13 4 157,78
LR 5 2z 2 2
== Light tuflseeous Texture: 10 10 - 18
of EERYS St = T g B? 85 88 0 8
Silt 6 © 4 1
Clay @ @ 8 70 5 % i i
Composition: 2 3 1 2
5 s, 3 } 1 ® LR (R (I
2 Fhidaper & : 1 5 2 Heavy mineraks 1T T 1
Nice T = = cly B 93 0 86
Huewvy mineraly - ' 1 5 - Valcanic glats - 2 5 2
| Void Clay [T 1] B 15 - Glaucanite 3 1 - T
' Voleanic gl ] - Firlls S =
Glsiconite 1 1 ] Car " & % t
B oy P L O = Stightly Radiolarians - 2
Diatoems Te - T - . darker B - B N N N
Fadiolalsn T - 4 mottling L
pads, e = W = - CARBONATE BOMS (% CaCOy):
3 3 7 2.86-T0em=0
CARBONATE BOMB (% CaCO5):
2.85-67 em =0 e | =
g 3
el § H %
| -
HE A4
4 Mattling as above A
Slighty
Tirmar laynre
i this section s'uu"'“.!,.,
mattling
5 5
Maottling as sbowe
6 6
Dark (5Y 31} ulfaceous layar 1 White [5Y 8/1) twlfacsous mottiing
7 Joid 7 2
CC) Dark marting a5 a1 base of Section 7 M CCi .

Sy

$9¢ HLIS



SITE 565 HOLE CD’H_E 1 CORED INTERVA 96.0-105.5 m sub-bottom SITE 565 HOLE CORE 12 CORED INTERVA 105.5-115.0 m sub-bottom
g FOSSIL g FOSSIL
= |2 CHARACTER « |E CHARA
g |=u[2TaTs zle g |z, [e]= z| m
= o = = =
“_:'5' EE = 2 E ® L?T’:I%P:ggv LITHOLOGIC DESCAIPTION ‘f‘;‘ Eg 2 a § g - J’ri?:'f'&gv LITHOLOGIC DESCRIFTION
$S1271515(3(y| (8| T EA HETF A 2 FE
g = g " 2 |- |2 B - =
|5 |22 HE =g |z g HE EEE
g |8]3 E = |2 HE Eifn 2
Domingnt lithology: massvs mud  altarnaring through
Dommant lithology, massee mud alternating i parta of masch of the core with varying degrees of saly febric
the core with a tlightly witser mud. Mottling s comman Mottlirg % o commen Inature. Color: dark gramnish gray
1 thegughout the core. Color. dark geenish gray (BY 471) IBGY 61 to BGY 4/1), Dendnisg mortiing of dightly
Scaliness continues o varying degrees Ihroughoul oo darker thade (5GY 4010 s eommaon throughout eone
Silty convshution
5Y 82 and SMEAR SLIOE SUMMARY (%) SMEAR SLIDE SUMMARY (%)
wilt chart 2.3 B 140 1,68 8 110 6,38
=} M [+} o n
Texture: Toxture
Scaly fabeic in Sand 0 Sandd " 5 B
In gowa¥ Sin 10 3 St = 15
Clay B0 o E Clay ] 85 B0
; Cormponit o LB G
Contorted tedding Cuartz 1 - £ g Quattr Tr 2
e Feldipse Rl S § o o -
Mica o | E Wice LU O
~W, ‘a‘:wl«um Hawey ittt g = L] Howey mineish Tr -
of ity £Y 873 oy - A Clay @ e
Glauconite 1 = Valeanic gass - I 1
Pyrite 1 1 Glaugonite 1 1 2
Cambonate e, — ar Pyrite. - 1 -
Radiotariany T - Carbonate unpec 1]
Racalarians Tom -
1 CARBONATE BOME (% CaCO41: Spange spiculis Tr T
g 11 Zem= 18
&
5
4
-
5
3|3
1
ila
i
.
&
Siltsrone clans BY 53
7
AP cc Glauconitls pebbile i 1 )

§9¢ 4LIS
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SITE 565  HOLE CORE 13 CORED INTERVAL 115.0-124.5 m sub-bottom SITE 565  HOLE CORE 14 CORED INTERVAL 125.5-134.0 m sub-bottom
£ FOSSIL E FOSSIL
« |E EHARACTER 1 « |& CHARACTER
g |z l2]=] El 2 , -NMENEE g
= w Fi
=E E'é' oy E 2|8 AP LITHOLOGIC DESCRIPTION =c|B2l5) 5 g g 5 fiitep i LITHOLOGIC DESCRIPTION
S dl = y sl 2 | umowsey | . R H R 5|5 | LrHoLoay 3 =
._ £
- H I ETH Fkd S A HHEHHBEE FaEg o
HlHHHE £ £
s |213]8]|& 3 & [2|2]2]|2 3
)
°laa . E,?
Damengnt lithology: masive mud containing angubsr-wuib- " Dominan: lithology: massive mud alternating with thinly
r anguiar clasts of silt altrnating with scaly mud. Mestly i Bedded ardd possibly graded sitty mud, Busrowing and mot-
L ey structurcliss @though some wispy remains of bedding can S T - ting are comman throughoul the core, wsually stightly vl
e duscerned through the dilling distu bance, Allerration 3 it (0 color and mom cemented [comtalning 8 few 1o
ore an the oder of 4 frw tens of om, Mud is stightly cah | several e of percnt carbonatal. Color mestly dark
caremn m some horizons although carbonate s sall wnder bl b areeish gray (SGY 4714
10%, Colar: mastly BGY 471 |
SMEAR SLIDE SUMMARY [%):
SMEAR SLIDE SUMMARY (%] CR 1,100 5, 83
2,53 4,60 n
g,
o =} oyl Texture
. Tonture: ' Samd 8 11
Sandt 015 g " Sitt o 1
Sin 8 2 2 a | Clay LFE
i [ Con
CO‘F‘:WIIO" = | Ouarts - B 3
Ouarte 1 ai. Faldspar 1on
Faldspar 1 3 g |1 Mica T T
Mics = T ] Huwry misnrais 4 2
Heavy minerals - 1 o Clay woon
Clay 80 58 H E . Valcanic glass 32
Woleanic glass 2 4 ] = ol 1 Palsginits 5 -
Gleemi 1 & g I Glougonitg B
Catioriate unspee.  — o ¥ 3 Zeoli Tr
Faraminifers 1 - E h Sponge spicules 1 -
g Dty 1= z
Faciolariam I
[ Tp—— 1 é i
2 g Fecal pailets 8 s 1
04
R 5
4
5 .
'
!
“
&
'
1
'
7
Al . M cc) 1 -
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HOLE

CORE

15

CORED INTERWVA/

134.0-143.5 m sub-bottom

upper Pllocens

BIOSTRATIGRAPHIC
LONE

FOSSIL
CHARACTER

NANNOFOSSILS

AADIOLA RIANS

DIATOMS

SECTION
METERS

GRAFHIC
LITHOLOGY

TAITLTRE
BT

AT

SAMPLES

LITHOLOGIC DESCRIFTION

wpper Discoaster browwer!

NN

NN RN N E K]

il ity

—_— e g T L

Arara

~

bee cw— —— —gaeT

1

Deminent lthology: mesive mud with 1ome waly levers
and mottling and bioturhation throughout the core. Meny
oWy ore better cemented mvd contain seveldl persenl
carbonate, Caloe: mostly dark olive gray (5Y 3771

SMEAR SLIDE SUMMARY (%)
1,114 B, 46
o o

Tewtuie:

Sand

Bilt

Clay

Compositian

Qusrz

Feldupar

Mica

Heavy mineals

Clay

‘olcanic glass

Glauganite

Zolite

Spange spicules

Fish remains

Prant debicis

Bse
835

sl aFaduvene
anBl maw

[T

CARBONATE BOME (% CaCO4)
6. 122cm=5

0% earbonate in burrow

SITE 6566 HOLE CORE 18 CORED INTERVA 143.6=153.0 m sub-bottom
=3
2 FOSSIL
£ | ceanacien
E I E ; gl g GRAPHIC
HEIEEE ElE LITHOLOGIC DESCAIPTION
12 |5 i LITHOLOGY
R HHHAREE £ +B
F 18 15|3||s EHE
a |2]2|3)& 3 i
Jja
3 Domanant lithology: mestly massive mod 1o gilt, with mm.
nant wiaps of bodding ant motiling snd burrowing snemen
°D throughaut the core. Several scaly layars a few tem af em
1 0 thick oceur eapecially toward the bottom of the cote.
o Coluw: musthy grownish gray (SGY 61)
1.0
1 g SMEAR SLIDE SUMMARY (%)
] 1,116 4,106 5, 144
D o D
] Tentur.
— Sand T 5 n
= Silt 7oBom
. Clay B 80
2 j Compasition
. - Ouartz 3 L} 2
—r % Feldspar 2 5 2
3] . Mica Te 2
E . Hirawy amvirwraty 1 - -
E - Clay 2 7’ W
2 2 ] Valeanke glaw t T o=
§ = Glauconite 1 1 4
§ 5 + Zoalite - T T
e Foraminitens 1 -
:"?" Caie. nannolossils  — 1 =
3 ;< Spange yecules - U 1
+ Fish remaim LI =
Plant debris - 2 Tr
= Focal pellers 3 - -
- CARBONATE BOMS (% CaCO5):
| 2, 12Bcm - 16
a =
-
5
.
]
A ccl ¥
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SITE 565 HOLE CORE 17 CORED INTERVA 163.0-162.5 m sub-bottom SITE 565 HOLE CORE 18 CORED INTERVAL 162.5-172.0 m sub-bottom
2 FOSSIL g FOSSIL
x |& |_characTeR 3 2 |_cwanacter
g |5u|k|2 gl ¢ MBEHE EH R
= (=] = =
= = {H g g = ngr LITHOLOGIE DESCRIPTION TE £ i g E Ef | (BhAC, LITHOLOGIC DESCRIPTION
o z N|Z =
e (EV5[5)2(5| || 2 FE A HHHREE 23 o
- gls E E |z |2|%|5|5 ;§ g
g |8 ila 3 R HEHEE 3
3 13
e Dominant lithalogy massive mud with wises of sty ii Daminant ithology: Mud, mostly structursies with urrow
b Mharizons and Wioturbation motling and burrows comsman - mottling snd soft glasconitel?) clasts. Biturbation com
o throughout the core. Burrows ame shightly more calcsieous % man, lgaving slightly mare calcareous motties of yellowith
1 : wndd lighter in cobor, Saity clts occur throughout the cors 1 calor, Colar: gresnish gray (BGY 5/11. Mottling is mestly
I ™ Color: mostly greenith gray (5GY /1) } 2.5Y 106 with samua bbuish green (EGY B/1)
1
SMEAR SLIDE SUMMARY [%): ) SMEAR SLIDE SUMMARY (%}
1,84 5,106 6,108 ks 1,40 21N
:] M
Texture: Texture:
Sanat & W 4 Sanef 7 o
sitt (LR T 1 d Silt 2 5
Clay B0 T M @ Clay 81 BS
Compasition 8 Compasitien:
2 Quarts [ | 2| ] Quartz 3
Faldupar 3 4 T! 1 i‘ ::k‘hnl 2 :
Mica V- ' - . ica i
Huavy minerals 2 7 3 - i . Heavy maneraly 1 2
5 Chay ® Mmoo 5 - Clay 75 &
| Voleanic glass ™ 2 1 Volganic glass 1 1
Glmcanite 5 1 1 . e Glauconite 5 1
T T - £ o Cal rofossit  — 40
I SR . e X o 11 Cirbanhs bonit Distoma. o
Distoms Tr — : - 3 T LA Radialarians ' 1
3 s Radiolarians "= - H 3 ‘l" 3 Sponge spiates 5 -
(] Spange spicules 2 1 1 s ‘ Siticallagaliates L
L] Fish remains - 1 - & . Figh remains - 1
5 | Plant debess D E- t Fecal pilet Z: 5
z I CARBONATE BOMB (% CaCOg): § 5 CARBONATE BOMB (% CaCO4):
§ B B, 106 am = 20 g | 2, 108em=7
2 .
()
l 4
E 4 | a I
5 A4
i %
[ r
= 5
] A
°
5 i 5 !
H
1| =
¥ 1}
| !
|
{
& & 6
e a
| fun = 3
- ,
7 7 i
- gz . AP cc

$9¢ A.LIS
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SITE 665 HOLE CORE 19 CORED INTERVAL 172.0-181.5 m sub-bottom
2 FOSSIL
§ [ CHARACTER
Zull % Z|l 2
== [22]3 £ 2|5 GRAPHIC -
12 |28|2 H £ B | urholoay g LITHOLOGIE DESCRIPTION
RN HEE HE FEH
g |E : = g2
(=] - = E
& § z|5 5 ;5
T
. '
=) Darmnan fithalogy: mavsive musd with biaturbating mat
o5 . ting ol ightly more calewwous composition, Cobor:
3 ey » 5G 471 10 5BG 411, matting slightty mease yalliy (257 7/6]
- 4t
1o - SMEAR SLIDE SUMMARY (%}:
7 1,114 4,86
3 n o
Texture:
= Sand 6 a0
-1 il 1w w
=} Clay 85 50
Composition:
2 = Chasrtz 1 )
4 Feldspar 1 |
- Mica 3 =
3 Clay w5
7 Glousconim 2 -
ol Byiile 1 I
Carbonate umsiee. 2 5 50
1 Aadiolariam '
Sponge splcules 1
'
]
§ 3 ¥ ) Fecal petlets
T
g g
H
4
4 1
1
Al -
i
i
H
H
1)
i
H
R
L
5 |
N
i
H
|
tla
i
P
: )
i
H
6 H,
L
"
i
5™
\
cef 7| S Vol
FM| === ==11 -

L
=1
m
&

= |

UNIT
BIOSTRATIGRAPHIC
ZONE

TIME - R

HOLE

CcO

RE_20

CORED INTERVA

181.5-191.0 m sub-battom

FOSSIL

RACTERA

| FORARMINIFE RS

o
MANNGEORSIS | T

FADIOLAMANE.

DHATOMS

SECTION

METERS

GRAPHIC
LITHOLOGY

AT

A

~{OWTTwG
id

LITHOLOGIC DESCRIPTION

upper Pliocene

upper Ciscoaster frouwen

I NEEN Jlll?ll |T||||

yigal iy

slidigl iy

-

Daminant lithotogy: mud with matting st teoterbited
Iayers throughoat the core, Butrows and motiling sre ight
Iy highet | cabcareows content. Color mostly SG 401 with
Dt Frnist el 50 571

SMEAR SLIDE SUMMARY [%]-
2,138 2137

Texture

Saral 3 !
Sily 1

Clay BE @5
Compasition
Ouartz 5
Fuldspae 3

Mica -

Heavy mincrals 3

Clay BO az
Volzanie glass 1
Glaueonie 1

Pyritn T

Zeohie Te
Foaraminiters 1
Raialsian, T
Spangy sgeculs T T
Fisty romaain T

Cale. fecal petlans  — 2

CAHBONATE BOMB (% [.'J:usl'
114 em - 20
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SITE HOLE CORE 21 CORED INTERVAL  191.0-200.5 m subbottom SITE 565 HOLE CORE 22 CORED INTERVAL 200.5-210.0 m sub-bottom
5 FOSSIL g FOSSIL
§ 5 TER « |5 CHARACTER
MBI E|le - -l EMAE 2
g =2 -4 - ]
f% E§ HE E £ § Lﬁmﬂgv L 5 LITHOLOGIC DESCRIFTION - EE E i g g E Lﬂm;_"ggv s LITHOLOGIC DESCRIPTION
£7127 (58| 2(8] |2 E A HEE oS s
H
S AHEHE ] N RHHHE s
EHEEH : R HEIEE E E]
o
.
Dominant lithology: mud and muditons with sbundant o Daminant kthalogy: mudstone snd mud. Burrowesg of
motling sl Burrowing of slightly highes carbonate oon 1 slightly higher carbonate content and shaley clasts art com:
tent and shaley clasts throughout the core. Color: mostly mon thioughout the core, particulaly in the middie sec
! dark guanish gray (SG 41} with mottiing yellow [5Y 7/8) 1 tiors Colos: mostly dark greenish gray 15G &/1) with
o, slightly vallowsr (5 7781 mottling,
L
SMEAR SLIDE SUMMARY (%) a
157 4,83 4,186 v SMEAH SLIDE SUMMARY (%)
L] M L [ 2,682 2.68
Tixrure: s oM
Sand w0 . Teture:
Sih 0 W10 o Sand s 2
Clay 0 40 20 [ Sile woon
Campasition: ] . Clay BE 70
2 3 L Cuartz 1 T} 2 o Composition
4 v Felispar 1 w0 L Ouartz 1 1
= 0 Mica L = = = . Feldipar = 1
- Hinavy rnoerali - - 15 5 'o Mica 1 1
. Clay 0 1w W -8 o Huavy ménarals 1T
3 Volcanic glasy = - Tr 3 ; 3
o & Paligonite > Tr g | s Glaucanite 1 3
z ] Glaucoriite 1 - T a Pyrite [
§ ¥ — Pyrite T 157 [ Fecal pellers 1% 30
£ - Zealite - - T B
-§ 1 ] Faramnitin " - - 3 e CARBONATE BOMS (% Cat0y|
5|3 B Diatoms T - - 5,109 em =0
- 3 Carbanats bamb Sponge wecules Tr -
0 - on burow (10% CaCOy) Cale. fecal pellons 25 89 - "
7] Carbonate bomb 4
- - wri shabey clast
= 0% CaCO4} CARBONATE BOME (% CaCO4): v
4 3, 10em=0 e
-4 1}
s L)
4 ] 4 0
1 . ]
[
a
" 10R 411 i 2
0
o
]
5
5
[
i .
0
b
L]
.
]
1]
L ]
L]
L
L]
L]
.
7 a
tu cc %

AM|
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[
=
m

zs
|

TIME - ROCK
uNIT

BIOSTRATIGRAPHIC

I

$9S HLIS

uppar Pliocsns

565  HOLE CORE 23 CORED INTERVAL  210.0-219.56 m sub-bottom SITE 566 HOLE CORE_24 CORED INTERVAL  219.5-229.0 m sub-bottom
L H ossIL
| _cHARACTER « |3 CHARAGTER
wl® 2 M EMAERE zl e "
HH é g Rl li o LITHOLOGIC DESCRIPTION SE E § HE E ElE P AL R s g LITHOLOGIC DESCRIFTION
" 5
HHEHBEE 5 A HHH G FeE e
] = ] alE
HHHE Tl B EHE T+
=
= il
Dominant lithology: moutly structureles mud with sume Jd Dominant lithology: Mostly mastive, structuroben mud
burrows and matiling throughout care. Highly tractured 1 With some annaaled fractures of & few am lengih and amall,
by deilling. Color: mostly dark grasnish pray (SGY 41 u Wightly calearenus burrows that are usially canesntrated in
of b rathar discrate tayers. Color: mostly dark greenish gray
aft (SGY 4/1] with aghter mattling usually 5Y 614 10 5 /3.
Q
SMEAR SLIDE SUMMARY (%): o
5, 140 ML SMEAR SLIDE SUMMARY (1.
o [ | o 1,150 2, 67
Taxurn: i L M
Sard 15 o Texture:
sit 8 af f Sand 5 AU
Clay 5 e | Site o0 B0
Composition: | ¥ Clay 5 -
Ouerte T } Compusition:
Faldwpar 1 | Ouwts Te -
Mica T Feldipas 2 15
Clay ar Haavy mineraly 1 (1]
Glaueanim T [ Clay L)
Pyrite 2 - Vaoleanic glass - it]
Sponge spicules T g Glauconite T
d Pyrite Tr Tr
CARBONATE BOMS (% CaCOy): ¥ Radiolarians T =
3, 130.om = 13 [bomb anslysis of mottie} 'a Sponge sphcule e -
g al,, CARBONATE BOME (% CaCOs):
b o LiZem=0
£ a
- Carbonate bamb of mattle |16% CaCO4) E o
3 =]
& |
o
Ll
o
[}
l {
R
1}
H
H
E
[ §
5 573 mottling 6 It
with 1ame carbonate aly
. ol
=]
u
o
"
AP * - -
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SITE 565 HOLE CORE 25 CORED INTERVAL 229.0-238.5 m sub-bottom SITE 565 HOLE CORE 26 CORED INTERVA 238.5-248.0 m sub-bottom
2 FosSIL 2 08SIL
« |3 |_cwanacten - ; | cHARACTER |
g |z =T z| e FENAE ] |_ z| =
cuiE| = 2 £ |SE|E] 2 1% GRAPHI
5= HE g £l 8 | Locosy E LITHOLOGIC DESCRIPTION ] % I E L £l UTHOL By . LITHOLOGIC DESCAIPTION
2 £l &
g> =715 8|2 |8| 12| % - L2127 |5 5|5 (E) &) ® T
E |z HE E G HEHE £ 5
R HEEHEH 3 R EHEE EeRE
vy
Dominant [ithology: matsive mud with small calcareous [+] Dominant lithology! structurelss madstons with small,
urrows (n parts of the cors. Color: dark gresnith gray ] slightly calcareous. burrows throughout the core. Colo:
(BGY 4/1) with lighter (25Y §/2) matding. Secton 3 a dark greenish gray to dark grayish green (SGY 4/1 1o
" 96120 cm: BGY 45/1 limestone layer rich in burrows ) [} SGY 4.5/1), with mottling and burrows usually siightly
and dark {tutfscecui?) graim. = ; mare yellow (2,57 5/2 10 2.5Y 641,
| Vald b
i SUMM,
) SMEAR SLIDE SUMMARY (%) t SMEAR SLIDE ARY (%]
aly 1,144 4,85
164 39 | P
MM a . o
Texture:
Texture: Sand 3
g 7: m‘i silt 1210
= ] 1 Clay B8 87
Cloy ) = , Compotition;
2 Conapdeiriont 2 : Quartz v B
Feldspar 1 1 i Faldipar 2 1
Haavy minerkis = T vl o. Haavy minerals T B
Clay 0 48 H 8
Vaolzanic glass 1T \ Volcanic glass - T
Glauconite 2 - L Glusconite 2 1
Micronodules Tr ;0 | Pyrite Tr Tr
Corbonate unspes,  — ]
notossi n Cale. nannafossils 1
i.:;rm 22 r: : H - ot Radfivlarians LI
& = Sponge spicules 1
Spange saicules 1 - E Fecal pellits - 2
E 3 Silicoflageltates  Tr  — & k]
i B Cal0) CARBONATE BOME (% CaCl): g CARRONATE SO 1% CaC0)
3 3 3 2,100 em =5
& 1,107 em =0 }
g -1

L} 4 Agyi7) dark
¥ (2.5Y 370) layer
5 5
8 6
7 7
B jcC ol

ap iec!
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HOLE

CORED INTERVA

248.0-257.7 m sub-bottom

ZONE

BIOSTRATIGRAPHIC
FORAMINIFLHS

FOSSIL
CHARACTER

NAKNOFOSSILE
AT ARIANS
DHATOMS

CD,H_E 27

GRAPHIC
LITHOLOGY

SECTION
METERS

SAMPLES

LITHOLDGIC DESCRIFTION

sppar Pliccens

Dirscoaster brouwert

]

Dominant Ihology massive mud 1o madstons with small,
slightly calcarsous turrows thioughout the core. Sama
mall soft clasts ol shghtly darker mued occur in sami
wections, particailarly Section 1, in thin layers that attermate
with the ususl sbucwrelms mod, Color montly dark
yreenith gray (60 471 with some SGY 2710 Motiles sre
ightly tighter ard yeliow 12.5¥ G/}

SMEAR SLIDE SUMMARY (%)

1, 132610
o L
Tamiure:
Sarud -] 2
S 0 6
Ciay w80
Comomitian:
Chinrte L 3

Fosgminifars

Sponge wpicuies 1 1
Sileofiagnitates 1 1

CARBONATE BOME [% CaCO4)
6, 135 cm = 12 (bomis analysis on dark Leyer!

Shightly darker (BBG 611 ey

SITE 565
SULE

uwT

TIME - ROCK
HIOSTRATIGRAPHIC
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