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EXPLANATORY NOTES

INTRODUCTION

This Initial Core Description is presented here to aid investigators in selecting samples for detailed study. Samples from
this leg become available to the public about 8 months after the cruise, with the completion of this /nitial Core Description.

Potential investigators who desire to obtain samples should refer to the DSDP-NSF Sample Distribution Policy. Sample
request forms may be obtained from:

The Curator
Deep Sea Drilling Project, A-031
University of California, San Diego
La Jolla, California 92093

Requests must be as specific as possible: include site, core, section, interval within a section, and volume of sample re-
quired. The purpose of this publication is to aid interested investigators in understanding the (1) terminology, labeling, and
numbering conventions used by the Deep Sea Drilling Project {DSDP); {2} sediment classification and biostratigraphic frame-
work used; and in addition, (3) to present the preliminary lithologic and paleontologic data on core forms, so that sampling

can be guided. However, the investigator should be aware that the data is subject to future revision.

NUMBERING OF SITES, HOLES, CORES, SAMPLES

DSDP drill sites are numbered consecutively from the first site drilled by Glomar Challenger in 1968. Site numbers are
slightly different from hole numbers. A site number refers to one or more holes drilied while the ship was positioned over
one acoustic beacon. These holes could be located within a radius as great as 900 meters from the beacon. Several holes may
be drilled at a single site by pulling the drill pipe above the sea floor {out of one hole) and moving the ship 100 meters or
more from the previous hole, and then begin drilling another hole.

The first (or only) hole drilled at a site takes the site number. A letter suffix distinguishes each additional hole at the same
site. For example: the first hole takes only the site number; the second takes the site number with suffix A; the third takes
the site number with suffix B, and so forth. It is important, for sampling purposes, to distinguish the holes drilled at a site,
since recovered sedi‘ments or rocks from different holes usually do not come from equivalent positions in the stratigraphic
column,

There are two types of coring systems used on the Glomar Challenger: (1) the standard DSDP rotary-coring system, which
cuts ~9.5 meter-long cores and has been used since Leg 1; and {2) the Hydraulic Piston Coring (HPC) system, used since
Leg 64.

HPC holes are not assigned a special letter designation. The HPC operates on the principle of a core barrel which is lowered

inside the drilf string, hydraulically ejected into the sediment and retrieved. The pipe is then lowered to the next interval and



the procedure repeated. Disturbance can occur in the top 50—100 cm of HPC cores especially near the top of a hole. The
standard DSDP rotary coring system typically disturbs the cores in the upper 100 meters of any hole, and generally half or
more of each core is quite disturbed.

The cored interval is measured in meters below the sea floor. The depth interval of an individual core is the depth below
sea floor that the coring operation began to the depth that the coring operation ended. For example, in the rotary-coring
system, each coring interval is generally 9.5 meters long, which is the nominal length of a core barrel; however, the coring
interval may be shorter or longer (rare). “Cored intervals” are not necessarily adjacent to each other, but may be separated by
“drilled intervals”. In soft sediment, the drill string can be “‘washed ahead’’ with the core barrel in place, but no recovering
sediment, by pumping water down the pipe at high pressure to wash the sediment out of the way of the bit and up the space
between the drill pipe and wall of the hole; however, if thin hard rock layers are present, then it is possible to get “spotty’’
sampling of these resistant layers within the washed interval, and thus have a cored interval greater than 9.5 meters. In drilling
hard rock, a center bit may replace the core barrel if it is necessary to drill without core recovery.

Cores taken from a hole are numbered serially from the top of the hole downward. Core numbers and their associated

cored interval in meters below the sea floor are normally unique for a hole; however, problems may arise if an interval is
cored twice. When this situation occurs, the core number is assigned a suffix, such as *“S”* for supplementary.
In the rotary-coring system, full recovery for a single core is normally 9.28 meters of sediment or rock, which is in a plastic
liner (6.6 ¢m 1. D.), plus about a 0.2 meter-long sample {without a plastic liner) in the Core-Catcher. The Core-Catcher is a
device ét the bottom of the core barrel which prevents the cored sample from sliding out when the barrel is being retrieved
from the hole. The sediment-core, which is in the plastic liner, is then cut into 1.5 meter-long sections and numbered serially
from the top of the sediment-core (Figure 1). When we obtain full recovery, the sections are numbered from 1 through 7
with the last section possibly being shorter than 1.5 meters. The Core-Catcher sample is placed below the last section when
the core is described, and labeled Core-Catcher (CC): it is treated as a separate section.

When recovery is less than 100 percent, and if the sediment or rock is contiguous, the recovered sediment is placed in the
top of the cored interval, and then 1.5 meter-long sections are numbered serially, starting with Section 1 at the top. There
will be as many sections as are needed to accommodate the length of the core recovered (Figure 1); for example, 3 meters of
core sample in plastic liners will be divided into two 1.5 meter-long sections. Sections are cut starting at the top of the re-

" covered sediment, and the {ast section may be shorter than the normal 1.5 meter length.

This technigue differs from the labeling systems used on Legs 1 through 45, which had a designation called ‘‘zero section”.
On Legs 1—-45 there were seven sections labeled 0, 1, 2, 3, 4, 5, and 6. The new system used from Legs 46 to the present,
has seven sections, but they are labeled 1,2, 3,4, 5, 6, and 7.

When recovery is less than 100 percent, the sediment’s original stratigraphic position in the cored interval is unknown, so
we employ the convention assigning the top of the sediment recovered to the top of the cored interval. This is done for
convenience in data handling, and consistency. If recovery is less than 100 percent, and core fragments are separated, and if

shipboard scientists believe the sediment was not contiguous, then sections are numbered serially and the intervening sections

* Note that this designation has been used on previous legs as a prefix to the core number for sidewall core samples.
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Figure 1. Diagram showing procedure in cutting and labeling of core sections.



are noted as void, whether it is contiguous or not. The Core-Catcher sample is described in the visual core descriptions be-
neath the lowest section.
Samples are designated by centimeter distances from the top of each section to the top and bottom of the sample in
that section. A full identification number for a sample consists of the following information:
Leg
Site
Hole
Core Number
Interval in centimeters from the top of section
For example, a sample identification number of “75-631A-6-3, 12—14 cm" is interpreted as follows: 12—14 cm designates
a sample taken at 12 to 14 cm from the top of Section 3 of Core 6, from the second hole drilled at Site 531 during Leg 75.
A sample from the Core-Catcher of this core is designated as “75-631A-6, CC, 12—14 cm”,
The depth below the seafloor for a sample numbered at “75-531A-6-3, 12—14 cm”, is the summation of the following:
{1) the depth to the top of the cored interval for Core 6, which is 430 meters; {2} plus 3 meters for Sections 1 and 2 {each
1.5 meters long); and plus the 12 cm depth below the top of Section 3. All of these variables add up to 433.21 meters”,

which by convention is the sample depth below the sea floor.

HANDLING OF CORES CONTAINING SEDIMENTS

A core containing sediments is normally cut into 1.5 meter sections, sealed, and labeled; and then the sections are brought
into the core laboratory for processing. The following determinations are normally made before the sections are split: gas
analysis, and continuous wet-bﬂlk density determinations using the Gamma Ray Attenuation Porosity Evaluation {(GRAPE)
as described in Boyce (1976).

The cores are then split longitudinally into “work’ and “‘archive” halves**. Samples are extracted from the “work”
half, including those for determination of grain-size distribution, mineralogy by x-ray diffraction, sonic velocity by the
Hamilton Frame method as described in Boyce (1976), wet-bulk density by a static GRAPE technique (Boyce, 1976), water
content by gravimetric analysis, carbon-carbonate analysis, percent calcium carbonate {Carbonate Bomb), geochemical
analysis, paleontological studies, and others.

Smear slides or thin sections from each major lithology, and most minor lithologies, are prepared and examined micro-
scopically. The archive half is then described and photographed. Physical disturbance by the drill bit, color, texture {for
uncemented lithologies), and sedimentary and igneous structures and composition (+20%) of the various lithologies are

noted on standard core description sheets.

* Sample requests should refer to a specific interval within a core-section, rather than the level below sea floor.
** In the HPC system the cores are oriented relative to each other, thus, for example, all archive halves are on the same side

of the hole. We do not know, however, their orientation relative to the Earth’s magnetic north.
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After the cores are sampled and described, they are maintained in cold storage aboard G/omar Challenger until they can
be transferred to the DSDP repository. Core sections which are removed for organic geochemistry study are frozen immed-
iately on board ship and kept frozen. Frozen cores are presently stored at the DSDP West Coast Repository (Scripps Insti-

tution of Oceanography).

These core descriptions, smear slide descriptions (plus occasional peels and thin sections) and carbonate bornb (% CaCO3)
determinations {all of these data are determined aboard ship) serve as the data for the visual core descriptions presented here.
These samples, and their location in the core, are coded with a symbol on the core description sheets. The key to these codes,

in order to identify the samples, is in Figures 2—6.

SPECIAL CORES AND SAMPLES
Occasionally, special cores or samples are recovered that require specific identification. These are designated as follows:
X
Cc

miscellaneous debris or out-of-sequence core material.

center bit samples; i. e., samples obtained upon removal of the center bit (a device to prevent core recovery
while drilling or washing ahead for some interval}.

S = side-wall core; i.e., a core taken in the side of the hole, usualfly to obtain a sample of material not recovered
during previous coring.

H = a wash core; i. e., a core taken while washing ahead for an interval larger than 9.5 m (say, 50 m), but without
the center bit in place. Such a core may sample at several places in the washed interval, but their depths cannot
be specified within that interval.

B = bit material; i. e., material removed from core bits upon retrieval of the drill string following completion of
a hole, or prior to re-entry with a new core bit.

Cores or samples of these types are designated X1, X2, H1, H2, etc., each type in the sequence they were obtained. Ad-
ditional types of special samples may be designated by the shipboard party or cruise operations manager. The letter designa-
tion for these samples is chosen in consultation with the DSDP curatorial representative and laboratory officer, and is indi-

cated on each core description form.

DESCRIPTION OF SEDIMENTS
The following is the sediment description and classification scheme devised by the JOIDES Sedimentary Petrology and
Physical Properties Panel, and approved by the JOIDES Planning Committee in March, 1974, In the past, shipboard parties
have, in some instances, found it necessary to modify or amend the classification for their particular situation. Any modi-

fications to the classification for the cores described herein are presented in the section following the JOIDES classification.
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Figure 3. Graphic symbols corresponding to the lithologic visual core descriptions for sediment and sedimentary rocks.
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Primary Structures

Interval over which primary sedimentary structures occur

Current ripples

Micro-cross—laminae (including climbing ripples)

Parallel laminae

Wavy bedding

Flaser bedding

Lenticular bedding

Slump blocks or slump folds
Load casts

Scour

Graded bedding (NORMAL)
Graded bedding (REVERSED)
Convolute and contorted bedding
Water escape pipes

Mudcracks

Cross-stratification

Sharp contact

Scoured, sharp contact
Gradational contact
Imbrication

Fining-upward sequence

Coarsening-upward sequence

Bioturbation - minor (30% surface area)
Biotrubation - moderate {30-60% surface area)

Bioturbation - strong {more than 60% surface area)

Secondary Structures
Concretions

Compositional Symbols
Fossils in general (megafossils)

Shells (complete)

Shell fragments

Wood fragments

Figure 4. Structure symbol code for sediments.
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Figure 6. Class boundaries for terrigenous sediments.



CLASSIFICATION OF SEDIMENTS '

Several lithologic classifications designed for the construction of the several graphic core and hole summaries have been
used during the lifetime of the Deep Sea Drilling Project. The classification system described here has been devised by the
JOIDES Pane!l on Sedimentary Petrology and Physical Properties and adopted for use by the JOIDES Planning Committee
in March 1974,

Principles Used in Classification

1 This is a lithologic summary classification designed to generalize core descriptive material of greater detail into a form
suitable for standard core and hole logs. its systematic use will facilitate core to core and leg to leg comparisons.

2 The classification covers most of the lithologic types encountered so far but does not attempt to be comprehensive.
A category ““Special Rock Types” shows additional definitions and terminology at the discretion of the shipboard staff
for rock types not covered.

3 Sediment names are thase in common usage and have been defined within the limits of existing definitions.

4 Categories are based on sediment parameters measured on board ship. Refinement by shore laboratory data is possible
but not necessary.

5 The classification is descriptive and genetic implications are not intended.

6 The degree of detail of the classification is scaled to the space limitations of printed graphic hole and core summaries.

Shipboard Parameters Measured

Sediment and rock names are defined solely on the basis of compositional and textural parameters., The compositional
factors are most important for description of those deposits more characteristic of open marine conditions, with textural
factors becoming more important for the classification of hemipelagic and near-shore facies. Sediment names are thus based
solely upon these parameters as determined in smear slides aided by compositional and textural properties apparent to the
naked eye or under the hand lens. Other descriptive parameters include: induration, sediment disturbance, sedimentary
structures, and color. The determination of these parameters is as follows:

1) Composition — biogenic and mineral components are estimated in percent from smear slides. CaCO3 content is esti-
mated by using the carbonate bomb available on the ship. Even with rapid use, a value to 6% is achievable.

2) Texture — visual estimates from smear slide examination.

3) Induration — The determination of induration is highly subjective, but field geologists have successfully made similar
distinctions for many years. The categories suggested here are thought to be practical and significant. The criteria of Moberly
and Heath {1971) are used for calcareous deposits; subjective estimate or behavior in core cutting for others. There are three
classes for calcareous sediments; two for all others.

a) Calcareous sediments
(i) Soft:  Oozes have little strength and are readily deformed under the finger or the broad blade of a spatula.
(ii) Firm: Chalks are partly indurated oozes: they are friable limestones that are readily deformed under the
fingernail or the edge of a spatula blade. More indurated chalks are termed limestones (see below).

(i) Hard: Limestones as a term should be restricted to cemented rocks.

10



b) The following criteria are recommended for all but calcareous sediments:
(i} If the material is low state of induration as to allow the core to be split with a wire cutter, the sediment name
only is used (e. g., silty clay: mud).
(ii) If the core must be cut on the band saw or diamond saw, the suffix ‘stone’ is used {e. g., silty claystone:
mudstone; or shale, if fissile.)
4) Sediment Disturbance — Deformational structures are generally of the type found in piston cores, and are usually
simple to visualize and interpret.
a) Soft to firm sediment: The following categories are recommended.
(i}  Slightly deformed — bedding contacts are slightly bent.
(i) Moderately deformed — bedding contacts have undergone extreme bowing.
{iii) Very deformed — bedding is completely disturbed, sometimes showing symmetrical diapir-like structure.
(iv) Soupy — water saturated intervals which have lost all aspects of original bedding.
b) Hard sediments: There is also the need to indicate the degree of fracturing in hard sediments/rock. This is best
accomplished with a written description in the Lithologic Description portion of the Core Form (Figure 2).
c) Drilling “Biscuits” — semi-indurated sediments are broken into flat 3—5 cm or so “biscuits” which internally are

undeformed, but were rotated against each other resulting in lenses of soft, intensely deformed mud or coze in-

between. Description of this is also best accomplished using the Lithologic Description portion of the Core Form
(Figure 2).

5) Sedimentary structures — in many cores it is extremely difficult to differentiate between natural and coring-induced
structures. Consequently, the description of sedimentary structures is optional. The following approach is suggested as a
guideline, but the specialist is encouraged to use his own preferred system and set of symboals.

a) Median grain size profile: For the sections of terrigenous sediments, with interbeds of varying textural character-
istics, the construction of median grain size profile based on hand lens observations provides a rapid method for
illustrating graded and non-graded beds, bed thickness, and size distribution.

b) Sedimentary structures: A set of suggested symbols is provided for categories shown on Figure 4.

6) Color — According to standard Munsell and GSA color charts.

Use of the Core Form
1) Mandatory Graphic Lithology Column — This graphic column is based on the above classification scheme. Completion
of the column using the appropriate symboles {Figure 3) must be done for each site, and will be inclued in the /nitial Core
Description {ICD) and Initial Report Volume. The ‘‘Special Rock Type" category should be used for sediment types not in

the classification.

a) Optional graphic column: If circumstances or the special skills and interests of the shipboard staff indicate an
additional modified or different classification, another graphic column may be added to the right of the Mandatory
Column using definitions, terminology, and symbols that, in the opinion of the shipboard staff, will increase the

information yield. This Optional Column must not substitute for the Mandatory Column.
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2} Sediment disturbance column — Completion of the sediment disturance column using symbols and distinctions given
below is mandatory.

3) Sedimentary structure columns — Structures may be designated on the core form in the sedimentary structure column
parallel to the sediment disturbance column, and/or on the median grain size profile {for the sections of terrigenous sedi-
ments, with interbeds of varying textural characteristics). The median grain size profile is located in the lithologic description
portion of the core form. A set of suggested symbols for a few more common structures has been prepared by DSDP (Figure
4), but the shipboard geologist is free to use whatever additional symbois he may wish. These optional columns may not sub-
stitute for the mandatory sediment disturbance column and must be distinct from it.

4) Lithologic description column — Format, style, and terminology of the descriptive portion of the core sheets are not
controlled by the mandatory column scheme, beyond the minimal name assignment which should be derived from this classi-
fication. However, colors and additional information on structure and textures should normally be included in the textural

section of the core description,

Lithologic Classification Scheme
The following define compositional class boundaries and use of qualifiers in the lithologic classification scheme:
1) Compositional Class Boundaries

a) CaC03 content {determined by CaCO3 bomb): 30% and 60%. With a 5% precision and given the natural fre-
quency distribution of CaCO3 contents in oceanic sediments, these boundaries can be reasonably ascertained.

b)  Biogenic opal abundance (expressed as percent siliceous skeletal remains in smear slides): 10%, 30%, and 50%.
Smear-slide estimates of identifiable siliceous skeletal material generally imply a significantly higher total opal
abundance. The boundaries have been set to take this into account.

c) Abundance of authigenic components (zeolites, Fe, and Mn micronodules etc), fish bones, and other indicators
of very slow sedimentation (estimated in smear slides); semiquantitative boundary: common 10%. These com-
ponents are quite conspicuous and a semiquantitative estimate is adequate. Even a minor influx of calcareous,
siliceous, or terrigenous material will, because of the large difference in sedimentation rate, dilute them to in-
significance.

d)  Abundance of terrigenous detrital material (estimated from smear slides): 30%.

e) Qualifiers: Numerous qualifiers are suggested; the options should be used freely. However, components of less
than 5% (in smear slide) should not be used as a qualifier except in special cases. The most important component

should be the last qualifier. No more than two qualifiers should be used.

Description of Sediment Types
1) Pelagic clay — Principally authigenic pelagic deposits that accumulate at very slow rates. The class is often termed

brown clay, or red clay, but since these terms are confusing, they are not recommended.
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a)

b)

c)

Boundary with terrigenous sediments: Where authigenic components (Fe/Mn micronodules, zeolites), fish debris,
etc., become common in smear slides. NOTE: Because of large discrepancy in accumulation rates, transitional
deposits are exceptional.

Boundary with siliceous biogenic sediments: <30% identifiable siliceous remains.

Boundary with calcareous biogenous sediments: Generally the sequence is one passing from pelagic clay through
siliceous ooze to calcareous ooze, with one important exception: at the base of many oceanic sections, black,
brown, or red clays occur directly on basalt, overlain by or grading up into calcareous sediments. Most of the
basal clayey sediments are rich in iron, manganese and metallic trace elements. For proper identification they
require more elaborate geochemical work than is available on board. These sediments are placed in the “Special

Rock" category, but care should be taken to distinguish them from ordinary pelagic clays.

2) Pelagic siliceous biogenic sediments — These are distinguished from the previous category because they have more than

30% identifiable siliceous microfossils. They are distinguished from the following category by a CaCO3 content of less than

30%. There are two classes: Pelagic biogenic siliceous sediments (containing less than 30% silt and clay); and transitional

biogenic siliceous sediments {containing more than 30% silt and clay and more than 10% diatoms).

a)

b)

Pelagic biogenic siliceous sediments:

soft: Siliceous ooze (radiolarian ocoze, diatom ooze, depending on dominant component).
hard:  radiolarite porcellanite

diatomite chert

(i) Qualifiers:

Radiolarians dominant: radiolarian ooze or radioiarite.
Diatoms dominant: diatom ooze or diatomite,
Where uncertain: siliceous (biogenic) ooze, or chert or porcellanite, when containing >10% CaCO3,

qualifiers are as follows:

indeterminate carbonate: calcareous - -
or
nannofossils only: nannofossil - -
foraminifers only: foraminifer - -
nannofossil-foraminifer - - depending on dominant component

foraminiferal-nannofossil - -

Transitional biogenic siliceous sediments:

Diatoms <b0% diatomaceous mud: soft
diatomaceous mudstone: hard
Diatoms >60% muddy diatom ooze: soft
muddy diatomite: hard

Radiolarian equivalents in this category are rare and can be specifically described.
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3) Pelagic biogenous caicareous sediments — These are distinguished from the previous categories by a CaCO3 content in
excess of 30%. There are two classes: Pelagic biogenic calcareous sediments (containing less than 30% silt and clay); and
transitional biogenic calcareous sediments {containing more than 30% silt and clay).

a) Pelagic biogenic calcareous sediments:
soft: calcareous ooze
firm: chalk
hard: indurated chalk
The term /imestone should preferably be restricted to cemented rocks.
(i} Compositional Qualifiers <—
Principal components are: nannofossils and foraminifers.
One or two qualifiers may be used, for example:
Foram % Name
<10 Nannofossil ooze, chalk, limestone
10—25 Foraminiferal-nannofossil ooze
25-50 Nannofossil-foraminifer ooze
>50 Foraminifer ooze
Calcareous sediment containing more than 10—20% identifiable siliceous fossils carry the qualifier radiolarian, diatomaceous,
or siliceous depending on the quality of the identification. For example, radiolarian-foraminifer ooze.
b) Transitional biogenic calcareous sediments
(i) CaCO3 = 30—60%: marly calcareous pelagic sediments
soft: marly calcareous (or nannofossil, foraminifer, etc.), ooze {see below)
firm: marly chalk
hard: marly limestone
{ii) CaCO3 >60%: Calcareous pelagic sediments.
soft: calcareous (or nannofossil, foraminifer, etc.), ooze {see below)
firm: chalk
hard: limestone
NOTE: Sediments containing 10—30% CaCO3 fall in other classes where they are denoted with the adjective “‘calcareous.”
Less than 10% Ca003 is ignored.
4) Terrigenous sediments
a) Sediments falling in this portion of the classification scheme are subdivided into textural groups on the basis of
the relative preportions of three grain size constituents, i. e., clay, silt, and sand. Rocks coarser than sand size
are treated as ‘‘Special Rock Types.” The size limits for these constituents are those defined by Wentworth
(1922) (Figure 5).
Five major textural groups are recognized on the accompanying triangular diagram (Figure 6). These groups are

defined according to the abundance of clay (> 90%, 90—10%, <10%) and the ratio of sand tosilt { >1 or <1).
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The terms clay, mud, sandy mud, silt, and sand are used for the soft or unconsolidated sediments which are cut
with a wire in the shipboard core splitting process. The hard or unconsolidated equivalents for the same textural
groups are claystone, mudstone {or shale, if fissile), sandy mudstone, siltstone, and sandstone. Sedimentary
rocks falling into the consolidated category include those which must generally be cut with the band saw or
diamond saw. Sands medium-, coarse-, or very coarse-grained sands and sandstones according to their median
grain size.

(i}  Qualifiers — In this group numerous qualifiers are possible, usually based on minor constituents, for ex-
ample: glaconitic, pyritic, feldspathic. In the sand and sandstone category, conventional divisions such as
arkose, graywacke, etc., are, of course, acceptable, providing the scheme is properly identified. Clays,
muds, silts, and sands containing 10—30% CaCO3 shall be called calcareous.

b}  Volcanogenic sediments

Pyroclastic rocks are described according to the textural and compositional scheme of Wentworth and Williams

(1932). The textural groups are:

Volcanic breccia >32 mm

Volcanic lapilli <32 mm

Volcanic ash (tuff, indurated) <4 mm

Compositionally, these pyroclastic rocks are described as vitric (glass), crystal or lithic,

c) Clastic sediments of volcanic provenance are described in the same fashion as the terrigenous sediments, noting
the dominant composition of the volcanic grains where possible.

5) Special rock types — The definition and nomenclature of sediment and rock types not included in the system described
above are left to the discretion of shipboard scientists with the recommendation that they adhere as closely as practical to
conventional terminology.

In this category fall such rocks as:
Intrusive and extrusive igneous rocks;
Evaporites, halite, anhydrite, gypsum (as a rock]}, etc.;
Shaliow water limestone (biostromal, biohermal, coquina, oolite, etc.);
Dolomite;
Gravels, conglomerates, breccias;
Metalliferous brown clays;
Concretions, barite, iron-manganese, phosphorite, pyrite, etc.;
Coal, asphalt, etc.;
and many others,
The mandatory graphic lithology column should be completed by shipboard staff with appropriate symbols for inter-
vals containing special rock types. It is imperative that symbols and rock nomenclature be properly defined and described by

shipboard staff,
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Basement Description Conventions

Core Forms

Initial core description forms for igneous and metamorphic rocks are not the same as those used for sediments. The sedi-
ment barrel sheets are substantially those published in previous /nitial Reports. lgneous rock representation on barrel sheets
is too compressed to provide adequate information for potential sampling. Consequently, Visual Core Description forms,
modified from those used on board ship, are used for more complete graphic representation. All shipboard data per 1.5-meter
section of core are listed on the modified forms as well as summary hand-specimen and thin-section descriptions. The symbols
and a number of format conventions for igneous rocks are presented on Figure 7.

Igneous and metamorphic rocks are split using a rock saw with a diamond blade into archive and working halves. The
latter is described and sampled on board ship. On a typical igneous rock description form (Figure 8), the left column is a
visual representation of the working half using the symbols of Figure 7. Two closely spaced horizontal lines in this column
indicate the location of styrofoam spacers taped between basalt pieces inside the liner. Each piece is numbered sequentially
from the top of each section, beginning with the number 1. Pieces are labeled on the rounded, not the sawed surface. Pieces
which could be fitted together before splitting are given the same number, but are consecutively lettered, as 1A, 1B, 1C,
etc. Spacers are placed between pieces with different number, but not between those with different letters and the same
number, In general, addition of spacers represents a drilling gap (no recovery). However, in cores where recovery is high, it
is impractical to use spacers. In these cases, drilling gaps are indicated only by a change in numbers. All pieces have orienta-
tion arrows pointing to the top of the section, both on archive and working halves, provided the original unsplit piece was
cylindrical in the liner and of greater length than the diameter of the liner. Special procedures are used to ensure that orienta-
tion is preserved through every step of the sawing and labeling process. All pieces suitable for sampling requiring know-
ledge of top from bottom are indicated by upward-pointing arrows to the left of the piece numbers on the description forms.
Since the pieces are rotated during drilling, it is not possible to sample for declination studies.

Samples are taken for various measurements on board ship. The type of measurement and approximate location are indi-
cated in the column headed “Sample’’ using the following notation:

X = X-ray fluorescence analysis
= magnetics measurements
= sonic velocity measurements
thin section

= density measurements

T o - 0 =2
I

= porosity measurements
Up to seven such visual representations can be included on a single igneous rock core description sheet (Figure 9}, which

includes a summary core description, and petrographic and analytical data.
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Texture:

Used in graphic representation column

Aphyric basalt

Variolitic basalt

Porphyritic basalt
Olivine and plagioclase
phenocrysts

Olivine plagioclase
and clinopyroxene
phenocrysts

Vein with altered
zone next to it

~ Gabbro

Diabase and
Metabasalt

Serpentinite (shear
orientation approximately
as in core; augen shown
toward bottom)

Figure 7. List of symbols for igneous rock description forms.

Glass on edge
(rounded piece)

Altered rind
on rounded
piece

Fractures

Vesicles
{proportional
to size)

Breccia
{as graphic
as possible)

Local occurrences (indicate to
right of alteration column):

+ = altered olivine phenocryst
O = quartz crystals
C = calcite veins

, = clay-filled vesicles

b = calcite-filled vesicles

Vi =baked mudstone/chert selvage
R = red clays and/or iron hydroxides
G = green clays
B = blue-green clays
P = pyrite or other metallic sulfide
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Weathering: alteration
Used in alteration column

Very fresh
(no discoloration)

Moderately
altered (slight
discoloration)

ANy

Badly altered
{discolored, but
pices can have
fresh cores)

Almost completely
altered (completely
discolored, beginning
to disaggregate,
clayey)
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lgneous Rock Classification

Igneous rocks are classified mainly on the basis of mineralogy and texture. Thin-section work in general adds little new
information to the hand-specimen classification.

Basalts are termed aphyric, sparsely phyric, moderately phyric, or phyric, depending on the proportion of phenocrysts
visible with the binocular microscope {~x 12). The basalts are called aphyric if phenocrysts are absent. For practical pur-
poses, this means that if one piece of basalt is found with a phenocryst or two in a section where all other pieces lack pheno-
crysts, and no other criteria such as grain size or texture distinguish this basalt from the others, then it is described as aphyric.
A note on the rare phenocrysts is included in the general description, however. This approach enables us to restrict the
number of lithologic units to those that appear to be clearly distinct.

Sparsely phyric basalts are those with 1-2% phenocrysts present in almost every piece of a given core or section. Clearly
contiguous pieces without phenocrysts are included in this category, again with the lack of phenocrysts noted in the general
description.

Moderately phyric basalts contain 2—10% phenocrysts. Aphyric basalts within a group of moderately phyric basalts are
separately termed aphyric basalts.

Phyric basalts contain more than 10% phenocrysts. No separate designation is made for basalts with more than 20%
phenocrysts; the proportion indicated in the core forms should be sufficient to guide the reader.

The basalts are further classified by phenocryst type, preceding the terms phyric, sparsely phyric, etc. For example, a
plagioclase-olivine moderately phyric basalt contains 2—10% phenocrysts, most of them plagioclase, but with some olivine.

Other rock types which are less commonly recovered, such as gabbro, serpentinite, andesites, granite, or metamorphic

rocks, are classified using standard references such as Williams, et al. (1954) or Moorhouse (1959).
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ADDITIONAL DATA TO LEG 96 EXPLANATORY NOTES

Cores collected at Holes 615A, 616B, 617A, and 624A were designated geotechnical cores.
Cores from these holes were sectioned into 1.5 m-lengths, GRAPEd, left unsplit, stored
vertically in the shipboard refrigerator, and transferred to Texas A & M University for shore-
based studies by the Geotechnical Consortium. These sections are designated “GTC"” on the
core description sheets. Core Catchers from Holes 615A, 6168, and 617A were split and
described according to standard DSDP procedures. Core Catchers from Hole 624 A were left
unsplit and included with the rest of the geotechnical cores.

There was an abundance of reworked material recovered on Leg 96. Biostratigraphic samples
that consisted of reworked assemblages as indicated as such on the core description sheets by
circled abundance and preservation codes in the Fossil Character column. An example follows:

AG

The Leg 96 shipboard scientists chose to define class boundaries for terrigenous sediments in
a different manner than that shown in Figure 6. Terrigenous sediments were classified accord-
ing to their texture; sand, silt, and clay percentages were estimated under a microscope and
the data are shown with the smear slide data on the core description sheets. The class bound-
aries used during Leg 96 are shown in the diagram below.

CLAY

SANDY
SILT

SAND 1:1 SILT

SAND:SILT
RATIO

21



Two symbols used in the Graphic Lithology column of the core description sheets are defined
differently than that shown in Figure 3:

A Denotes both sandy mud and silty mud,
(1) T T4 as there is no symbol signifying the latter
—_—_—_- in Figure 3.
R TR
:°0°Q‘S::c;. Denotes gravel,
2) %:.'.:96. 31 SR2 rather than
o.%?:: : conglomerate.

As much of the material recovered on Leg 96 consisted of normally-graded turbidites, the
relative proportions of sand or silt and clay changed dramatically within a single turbidite

layer. This change in grain size within each layer is diagrammatically shown in the Graphic
Lithology column of the core description sheets as follows:

T6 T2 I

T2 Three normally-graded
T7 turbidite {ayers.
T7 T2

Portions of the Leg 96 cores that appeared brecciated due to drilling are labeled as such in the
Drilling Disturbance column of the core description sheets as follows:

o

Q
Og 09'50?"&'”:,‘;z&%° =

O,
S
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in addition to the standard sedimentary structure symbols shown in Figure 4, the foliowing
additional structure symbols are used in the Sediment Structure column of the core description
sheets:

= = = Indistinct paralle! bedding

—— Distinct laminations U
EEE Indistinct laminations <~ Load coasts

Flame structure

Scour

Fault/microfault

$ Irregular laminations

__L. Inclined aminations Vertical shear plane

<> Lenticular bedding A Mud chip

J777 Angular contact I-. Lignite

Designations for whole-round samples appear in the Sample column of the core description
sheets. These designations are codes as follows:

W = Interstitial water sample
OGP = Organic geochemistry sample
KB = Sample for geochemical studies by shipboard scientists

James Brooks and Mahion C. Kennicutt

BRY = Sample for physical properties studies by shipboard
scientist Bill Bryant and the Geotechnical Consortium

KOH = Paleontologic sample for shipboard scientists

GTC = Geotechnical Consortium sample

WHE = Sample for microbiological culturing and associated
studies by shipboard scientist Jean Whelan

Core type is indicated as follows:
= Hydraulic piston core
= Rotary core

H
R
X = Extended core barrel core
W = Wash core
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SAMPLE DISTRIBUTION POLICY

Deep Sea Drilling Project/International Phase of Ocean Drilling

Distribution of Deep Sea Drilling samples for investigation will be undertaken in order
to (1) provide supplementary data to support Glomar Challenger scientists in achieving
the scientific objectives of their particular cruise, and in addition to serve as a mechanism
for contributions to the /nitial Reports; (2) provide individual investigators with materials
to conduct detailed studies beyond the scope of the Initial Reports; and (3) provide the
reference centers where paleontologic materials are stored with samples for reference and
COMPparison purposes.

The National Science Foundation has established a Sample Distribution Panel to advise
on the distribution of core materials. This panel is chosen in accordance with usual
Foundation practices, in a manner that will assure advice in the various disciplines leading
to a complete and adequate study of the cores and their contents. Funding for the pro-
posed research must be secured separately by the investigator. It cannot be provided
through the Deep Sea Drilling Project.

The Deep Sea Drilling Project’s Curator is responsible for distributing the samples
and controlling their quality, as well as preserving and conserving core material. He also
is responsible for maintaining a record of all samples that have been distributed, ship-
board and subsequent, indicating the recipient and the natures of the proposed investi-
gation. This information is made available to all investigators of DSDP materials as well
as to other interested researchers on request.

The distribution of samples is made directly from one of the two existing repositories,
Lamont-Doherty Geological Observatory and Scripps Institution of Oceanography,
by the Curator or his designated representative.

I. Distribution of Samples for Research Leading to Contributions to Initial Reports

Any investigator who wishes to contribute a paper to a given volume of the [nitial
Reports may write to the Chief Scientist, Deep Sea Drilling Project (A-031), Scripps
Institution of Oceanography, University of California at San Diego, La Jolla, California
92093, U. 8. A., requesting samples from a forthcoming cruise. Requests for a specific
cruise should be received by the Chief Scientist TWO MONTHS in advance of the depar-
ture of the cruise in order to allow time for the review and consideration of all requests
and to establish a suitable shipboard sampling program. The request should include a
statement of the nature of the study proposed, size and approximate number of sampies
required to complete the study, and any particular sampling technique or equipment
that might be required. The requests will be reviewed by the Chief Scientist of the Project
and the cruise co-chief scientists; approval will be given in accordance with the scientific
requirements of the cruise as determined by the appropriate JOIDES Advisory Panel(s).
If approved, the requested samples will be taken, either by the shipboard party if the
workload permits, or by the curatorial staff shortly following the return of the cores to
the repository. Proposals must be of a scope to ensure that samples can be processed and
a contribution completed in time for publication in the /nitial Reports. Except for rare,
specific instances involving ephemeral properties, sampling will not exceed one-quarter
of the volume of core recovered, with no interval being depleted and one-half of all core
being retained as an archive. Shipboard sampling shall not exceed approximately 100
igneous samples per investigator; in all cases co-chief scientists are requested to keep
sampling to a minimum,

The co-chief scientists may elect to have special studies of selected core samples made
by other investigators. In this event the names of these investigators and complete listings
of all materials loaned or distributed must be forwarded, if possible, prior to the cruise or,
as soon as possible following the cruise, to the Chief Scientist through the DSDP Staff
Science Representative for that particular cruise. In such cases, all requirements of the
Sample Distribution Policy shall also apply.

If a dispute arises or if a decision cannot be reached in the manner prescribed, the
NSF Sample Distribution Panel will conduct the final arbitration.

Any publication of results other than in the /nitial Reports within twelve (12) months
of the completion of the cruise must be approved and authored by the whole shipboard
party and, where appropriate, shore-based investigators. After twelve months, individual
investigators may submit related papers for open publication provided they have sub-
mitted their contributions to the Initial Reports. Investigations not completed in time
for inclusion in the /nitial Reports for a specific cruise may not be published in other
journals until final publication of that /nitial Reports for which it was intended. Notice
of submittal to other journals and a copy of the article should be sent to the DSDP
Associate Chief Scientist, Science Services.

2. Distribution of Samples for Research Leading to Publication Other Than in Initial
Reports

A. Researchers intending to request samples for studies beyond the scope of the
Initial Reports should first obtain sample request forms from the Curator, Deep Sea
Drilling Project (A-031), Scripps Institution of Oceanography, University of California
at San Diego, La Jolla, California 92093, U. S. A. On the forms the researcher is
requested to specify the quantities and intervals of the core required, make a clear state-
ment .of the proposed research, state time required to complete and submit results for
publication, and specify the status of funding and the availability of equipment and space
foreseen for the research.

In order to ensure that all requests for highly desirable but limited samples can be
considered, approval of requests and distribution of samples will not be made prior to
2 months after publication of the Initial Core Descriptions (I. C. D.). ICD’s are required
to be published within 10 months following each cruise. The only exceptions to this
policy will be for specific instances involving ephemeral properties. Requests for samples
can be based on the Initial Core Descriptions, copies of which are on file at various
“institutions throughout the world. Copies of original core logs and data are ke pt on file at
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DSDP and at the repository at Lamont-Doherty Geological Observatory, Palisades, New
York. Requests for samples from researchers in industrial laboratories will be handled in
the same manner as those from academic organizations, with the same obligation to
publish results promptly.

B. (1) The DSDP Curator is authorized to distribute samples up to 50 ml per meter
of core. Requests for volumes of material in excess of this amount will be referred to the
NSF Sample Distribution Panel for review and approval. Experience has shown that most
investigations can be accomplished with 10 ml sized samples or less. All investigators are
encouraged to be as judicious as possible with regard to sample size and, especially,
frequency within any given core interval. The Curator will not automatically distribute
any parts of the cores which appear to be in particularly high demand; requests for such
parts will be referred to the Sample Distribution Panel for review. Requests for samples
from thin layers or important stratigraphic boundaries will also require Panel review.

(2) If investigators wish to study certain properties which may deteriorate prior to
the normal availability of the samples, they may request that the normal waiting period
not apply. All such requests must be reviewed by the curators and approved by the NSF
Sample Distribution Panel.

C. Samples will not be provided prior to assurance that funding for sample studies
either exists or is not needed. However, neither formal approval of sample requests nor
distribution of samples will be made until the appropriate time (Item A). If a sample
request is dependent, either wholly or in part, on proposed funding, the Curator is
prepared to provide to the organization to whom the funding proposal has been sub-
mitted any information on the availability (or potential availability) of samples that it
may request.

D. Investigators receiving samples are responsible for:

(1) publishing significant results; however, contributions shall not be submitted for
publication prior to 12 months following the termination of the appropriate leg;

(2) acknowledging, in publications, that samples were supplied through the assis-
tance of the U. S. National Science Foundation and others as appropriate ;

(3) submitting five (5) copies (for distribution to the Curator's file, the DSDP
repositories, the Glomar Challenger’s library, and the National Science Foundation)
of all reprints of published results to the Curator, Deep Sea Drilling Project (A-012),
Scripps Institution of Oceanography, University of California at San Diego, La Jolla,
California 92093, U. S. A;

(4) returning, in good condition, the remainders of samples after termination of
research, if requested by the Curator.

E. Cores are made available at repositories for investigators to examine and to specify
exact samples in such instances as may be necessary for the scientific purposes of the
sampling, subject to the limitations of B (1 and 2) and D, with specific permission of
the Curator or his delegate.

F. Shipboard-produced smear slides of sediments and thin sections of indurated
sediments and igneous and metamorphic rocks will be returned to the appropriate reposi-
tory at the end of each cruise or at the publication of the /nirial Reports for that cruise.
These smear slides and thin sections will form a reference collection of the cores stored
at each repository and may be viewed at the respective repositories as an aid in the
selection of core samples.

G. The Deep Sea Drilling Project routinely processes by computer most of the quanti-
tative data presented in the fnitial Reports. Space limitations in the [nitial Reports
preclude the detailed presentation of all such data. However. copies of the computer
readout are available for those who wish the data for further analysis or as an aid in
selecting samples. A charge will be made to recover expenses in excess of $50.00 incurred
in filling requests.

3. Other Records

Magnetics, seismic reflection, downhole logging. and bathymetric data collected by
the Glomar Challenger will also be available for distribution at the same time samples
become available.

Requests for data may be made to:

Associate Chief Scientist, Science Servives
Deep Sea Drilling Project (A-031)

Scripps Institution of Oceanography
University of California at San Diego

La Jolla, California 92093

A charge will be made to recover the expenses in excess of $30.00 in filling individual
requests. If required. estimated charges can be furnished before the request is processed.

4. Reference Centers

As a separate and special category. sumples will be distributed for the purpose of
establishing up to five reference centers where paleontologic materials will be available
for reference and comparison purposes. The (irst of these reference centers has been
approved at Basel, Switzerland.
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SUMMARY OF DEEP SEA DRILLING PROJECT - LEG 96

The scientific party aboard D/V GLOMAR CHALLENGER for Leg 96 of the
Deep Sea Drilling Project, International Phase of Ocean Drilling,
consisted of:

Arnold H. Bouma (Gulf Research & Development Co., Houston, Texas)
Co-Chief Scientist

James M. Coleman (Louisiana State University, Baton Rouge, Louisiana)
Co-Chief Scientist

James Brooks (Texas A&M University, College Station, Texas)

William Bryant (Texas A&M University, College Station, Texas)

Richard Constans (Chevron U.S.A. Inc., New Orleans, Louisiana)

Michel Cremer (University de Bordeaux, Talence, France)

Laurence I. Droz (Laboratoire de Geodynamique Sous-Marine,
Villefranche-Sur-Mer, France)

Toshio Ishizuka (University of Tokyo, Tokyo, Japan)

Mahlon C. Kennicutt (Texas A&M University, College Station, Texas)

Barry Kohl (Chevron U.S.A. Inc., New Orleans, Louisiana)

William R. Normark (U.S. Geological Survey, Menlo Park, California)

Suzanne 0'Connell (Lamont-Doherty Geological Observatory, Palisades,
New York)

Mary Parker (Florida State University, Tallahassee, Florida)

Kevin Pickering (University of London, London, England)

Claudia Schroeder (Dalhousie University, Halifax, Nova Scotia)

Charles E. Stelting (Gulf Research & Development Co., Houston, Texas)

Dorrik Stow (Edinburgh University, Edinburgh, Scotland)

William E. Sweet (Mineral Management Service, Metairie, Louisiana)

Andreas Wetzel (Geologisches Institut, Tubingen, Federal Republic of
Germany)

Jean K. Whelan (Woods Hole Oceanographic Institution, Woods Hole,
Massachusetts)

Audrey Wright (DSDP, Scripps Institution of Oceanography, La Jolla,
California)

Attached is a brief summary of the scientific activities of Leg 96.
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INTRODUCTION

DSDP-IPOD Leg 96 investigated a large deep-sea fan--the
Mississippi Fan, Gulf of Mexico--and two types of intraslope basins
on the continental slope off Louisiana. This was the first leg of
the Project dedicated to sedimentological studies of a specific type
of deposit.

Glomar Challenger left Fort Lauderdale, Florida on 29 September,

and arrived in Mobile, Alabama on 8 November, 1983. Several sites and
alternate sites had been approved; these sites are described in the
Leg 96 Cruise Prospectus. A total of 11 sites was drilled of which 9
were located on the Mississippi Fan and one each in Orca and Pigmy
intraslope basins'(Fig. 1).

One of the most dramatic of deep-sea accumulations typically
occuré seaward of large deltas and at the mouths of submarine canyons.
In very short periods of geologic time large volumes of sediment are
transported downslope from shelf environments, often via submarine
canyons, onto the lower continental slope and rise as well as the
abyssal plains, resulting in a thick sedimentary accumulation known
as a deep-sea fan. Research on modern fans has thus far been res-
tricted to geophysical and gravity and piston cqring studies that
cannot really address transport-depositional processes, distribution
of sedimentary facies, vertical sedimentary sequences, time frames,
and geochemical and geotechnical characteristics of deep-sea fans.

Comparisons with ancient turbidite sequences have been partially
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- unsatisfactory because of differences in scale of observations and
differences in data collecting techniques. Time equivalent deposition
of sands and large volumes of muds and clays are especially difficult
to document in modern environments when accumulation rates are high.
Such relationships can seldom be determined in ancient deposits, which
results in erroneous interpretations. Drilling of a modern deep-sea
fan on Leg 96 was a very constructive approach in attempting to better
understand ancient equivalents.

Drilling in the intraslope basins, formed between active salt and
shale diapirs, provided insight into another mode of deep water sedi-
mentation not yet recognized in the stratigraphic column. It was
hoped that drilling results in these basins would determine if their

depositional processes have any similarity to those on deep-sea fans.

MISSISSIPPI FAN

The Mississippi Fan is a semiconical, slope-rise depositional
system of Quaternary deposits extending about 600 km from near the
present Mississippi River delta onto the Sigsbee and Florida Abyssal
Plains. It covers an area in excess of 290,000 km? and has a volume
greater than 300,000 km®. The thickest part of this sedimentary
sequence (4.5 km) can be found in a water depth of about 2500 m at
the base of the continental slope.

Seismic studies reveal that eight acoustic reflectors have
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fan-wide occurrence and define at least seven depositional units.
Structure and isopach mapping of these reflectors shows that the in-
dividual units or fan lobes are not stacked vertically, but rather
that a shifting of both succeeding fan lobes and their submarine
canyons takes place with time (Coleman, Bouma, Prior and Adams, in
press). In addition, these fan lobes show a gradual progradation
into deeper water with time. Each fan lobe has a convex upward cross
section that forces the next one to be developed adjacent to it. The
youngest fan lobe was the main study target of Leg 96, although we
were able to drill into or through the next older one at a number of
sites and thus provide more data on the time-stratigraphic framework
of the Mississippi Fan.

The youngest fan lobe can be divided into four major zones, in-
cluding the submarine canyon. The structure and isopach maps indicate
that such divisions are characteristic of the underlying fan lobes
as well, although the finer details are obscure because of lack of
seismic resolution. The four major zones are:

1. An upslope erosional submarine canyon: Mississippi Canyon;

2. An upper fan lobe area at the base of slope, characterized
by a large, nearly filled, erosioﬁal channel;

3. A middle fan lobe area which is aggradational in character,
convex in cross section, and has a sinuous channel running along its
apex;

4, A lower fan lobe area which is an aggradational zone with

one recently active channel and several abandoned ones.
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The modern fan lobe of the Mississippi Fan contains a very char-
acteristic channel-levee complex. On the upper fan area this complex
consists of a large scour-and-fill structure that is nearly filled.
The channel in the upper (or northern) half of the area has a slightly
irregular course and frequently changes in cross sectional shape
because of the controlling influence of large diapirs. Further down
the upper fan lobe the channel becomes slightly sinuous, has well-
developed levees, and contains a recent central channel.

At the base of slope where the aggradational middle fan starts
we see the central channel becoming very sinuous with well-developed
levees and overbank areas. The size of the channel, as well as its
sinuosity, decreases downfan; while the channel has a width of about
3 km on the upper part of the mid-fan and a modern depth (topographic
relief) of 40-50 m, it is about 300-500 m wide and 10-25 m deep on
the the lower fan at a water depth of 3100 m. Although difficult to
distinguish on side-scan sonar, we see minor channel bifurcations
near the channel terminations on the lower fan. Sonographs also
reveal images paralleling the recent channel that are tentatively
interpreted as abandoned channels. These images suggest that the
channel shifts position frequently near the terminus of the fan-wide
channel complex.

Each of the seven fan lobes identified seismically has a maximum
thickness ranging from 300 to 600 m. The youngest lobe is about 400 m
thick in the mid fan area. The bottom of the channel fill in the

upper fan lobe is irregular in shape because of width variations but
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shows an average depth of 400-700 m below the mud line. This same
channel bottom is about 300 m below the mud line on the mid fan, and
about 150 m below the mud line in the zone where the middle fan
changes into the lower fan. 1In the outer part of the lower fan lobe
parallel acoustical reflectors obscure channel fills, Very likely,
‘they are minor and the small channels are short lived.

Four sites were drilled in the lower fan area: Site 614 to a
depth of 150 m sub-bottom, Site 615 to 523 m sub-bottom, Site 623
to a depth of 191 m sub-bottom and Site 624 to a depth of 200 m sub-
bottom (Fig. 1). An excellent set of well logs was collected at Sites
615, 623 and 624 providing stratigraphic information for many of the
poorly-recovered sections, especially those in the thicker sand inter-
vals.

A total of 5 sites was occupied on the mid-fan area, in an
attempt to investigate all the significant morphologic and seismic
characteristics of that region. Site 616 (penetration 371 m) proved
to be located on a different fan lobe rather than on the outer flank
of the modern fan lobe (Fig. l1). In addition, the upper section re-
covered at Site 616 has been interpreted as a large slump. For this
reason, this site is discussed in the lower fan lobe section below.
Sites 617, 620, 621, and 622 were all located along a cross sectional
transect over the central channel area, including levees and overbank
deposits (Fig. 1). Site 617 (penetration 191.2 m) was placed on the
inner side of a meander bend in a swale between two ridges. Sites 621

(penetration 214.3 m) and 622 (penetration 208.0 m) were both located
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within the central channel near the presently deepest part or thalweg
and near the inner bend, respectively. Site 620 (penetration 422.7 m)
was located on the northeastern flank or overbank area approximately
18 km from the channel. Core recovery was generally good to a depth
of about 60 m, below which both the Hydraulic Piston Corer and the
Advanced Piston Corer were unable to complete a full 9.5-m stroke.
The Rotary Corer was used at Site 620 with poor results; although this
was anticipated, it seemed the only tool capable of drilling deeper in
stiff muds with sand interbeds. Interpretation of the lithostrati-
graphy in the unrecovered intervals was accomplished at Sites 620, 621
and 622 with a suite of well logs.

The Safety Panels did not provide clearance to core through the
channel fill on the upper fan because of the potential problem of
free gas or hydrocarbons. This unfortunately makes a complete under-

standing of the total fan somewhat tenuous.

Middle Fan Lobe Area

Sites were drilled on the mid-fan area in three different morph-
ologic areas: Sites 621 and 622 in the central channel, Site 617 to
the southwest in a swale near the inner bend of the local channel
meander, and Site 620 in overbank deposits about 18 km northeast from
the channel.

The central channel on the apex of the mid-fan shows good sinu-
osity in the drilled area, as initially reported by Garrison, Kenyon

and Bouma (1982) based on GLORIA data and later recorded by Sea MARC I
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from Lamont-Doherty Geological Observatory during the pre-cruise sur-
vey and partially detailed by Racal-Decca with their deep-towed side-
scan sonar. The channel itself is about 3 km wide, shows bedforms on
the bottom, and is flanked by a series of ridges and swales. The
topographic and morphological characteristics suggest that the central
channel has a migratory nature; seismic records are not of sufficient
quality to confirm or deny this interpretation. Though we expected
that documenting the abundance of sand and silt at the different mid-
fan sites would help to unravel these problems, results at Sites 617
and 620 proved somewhat inconclusive; the findings at Sites 621 and
622 provided the answer.

Site 617 was cored to a depth of 191.2 m with the Advanced Piston
Corer. Recovery was about 86%. The main objectives at this site were
to study the characteristics of the sediments infilling the swales and
of the underlying levee deposits, and to obtain information about the
vertical sequence of sediments in the attempt at determining whether
the sinuous channel has displayed meandering tendencies during its
development.

The entire cored section consists of levee-overbank deposits,
characterized by thin fine-grained turbidites (Fig. 2). The vertical
sequence initially coarsens upward and then fines upward to the base
of the thin overlying Holocene unit. The Holocene (Ericson Zone Z;
Ericson and Wollin, 1968) consists of a 25-cm thick marly foramini-
feral ooze at the top; an accumulation rate of about 67 cm/1000 yr.

This grades downward into a section of thin-bedded mud turbidites,



muds with silt laminae and thin silt beds, and zones of "homogeneous"
muds. Seismic correlation of Ericson Zone X to this site gives an
accumulation rate of 1190 c¢m/1000 yr., which is much higher than at
any of the sites located further down the fan (Fig. 3). This ex-
tremely high sedimentation adjacent to the channel is surprising
considering the paucity of sand recovered.

Site 620 is located about 18.3 km north-northeast from the
central channel. It is just inside the area reportedly covered by a
large slump (see Site 616). This site was selected as being far
enough from the channel to ensure a more or less constant deposition
of overbank sediments without significant erosional unconformities.
Thin-bedded turbidites were expected, and the proposed site was
expected to penetrate through the upper two fan lobes and therefore
provide good data on the overall deep-sea fan framework.

Total penetration at Site 620 was 422.7 m. Because the entire
section was rotary cored in an attempt to reach the proposed total
depth (770 m sub-bottom) without getting the drill pipe stuck, the
quality of these unconsolidated mud and clay cores was very poor.
Total recovery was only 47%, but successful logging provided litho-
stratigraphic information for the poorly recovered intervals.

The upper 20 cm of the Holocene (Ericson Zone Z) consists of a
marly foraminiferal ooze. It has a computed accumulation rate of
25 c¢m/1000 yr. This is underlain by terrigenous clays and muds with
varying amounts of silt and fine sand intercalations (Fig. 2). About

80% of the cored section shows no discernible sedimentary structures.
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Its texture is about 20% silt and 80% clay. The gamma log supports
these visual observations. Two sequences were observed, both showing
a slight coarsening upward. Both belong to Ericson Zone Y and have a
sedimentation rate of 1175 cm/1000 yr. (Fig. 3). The deposits are
interpreted as fine-grained turbidites and hemipelagic sediments.
They must have originated from the channel as overflow during the
passing of major turbidity currents or other transport mechanisms.

Site 621 (214.8 m penetration) was located in the channel near
the deepest part of a meander. The objectives of this site were to
analyze the type of sediments that constitute the channel fill, and
to obtain insight into the major transport mechanisms that move large
quantities of sediment from shelf depths to the aggradational middle
and lower fans in a very. short geological time frame. We expected to
find either large amounts of sand or, in the case of a conduit, major
amounts of clays forming a passive fill.

The sediment section at Site 621 consists of a thin Holocene
marly foraminiferal ooze, underlain by muds with some thin sandy and
silty turbidites that gradually changed into "homogeneous" muds with
increasing silt contents downhole (Fig. 2). With the exception of a
few silt and sand beds and occasional color bands, it was a very
monotonous section. At a depth of about 160 m, the gradual downhole
coarsening trend became obvious because of an increase in the abun-
dance of thin-bedded turbidites. At a depth of 195 m, a pebbly
mudstone was encountered with pebbles ranging in size from a few

millimeters to 5 e¢m (long axis). The petrology is variable, ranging
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from mainly sedimentary to some metamorphics and igneous rocks. A few
large shell fragments were observed, This unit was underlain by a
thin interval of clayey muds and muds with some thin-bedded turbidites
and silt laminae. Part of it showed a well-developed "horizontal"
fold. The last core at Site 621 (211.8-214.8 m sub-bottom) contains

a sand underlain by a pebbly-sandy mud underlain by gravel (Fig. 4).
This clean gravel obviously was washed during coring and has to be a
sandy gravel or gravelly sand. Both the pebbly mud and the gravel
show up as high-amplitude reflectors on seismic records. The entire
cored section falls within Ericson Zone Y. The average sedimentation
rate is 1111 cm/1000 yr. (Fig. 3), although most of the sediments
probably accumulated from discrete instantaneous geologic events.,

The foraminifers in the channel fill sediments were mostly re-
worked and derived from neritic environments, similar to those found
on the lower fan. The sediments at the overbank area (Site 620),
however, contained a sparse population of reworked Cretaceous plank-
tonics and in situ benthics. This means both that most foraminifera
are transported as sand-sized clasts and do not overflow the channel.
Certain bathyal benthic species can live in the overbank environment
in spite of the high accumulation rate.

Drilling results at Site 621 clearly demonstrated the fact that
the channel was a deep conduit through which gravel, sand and most
silt moved by either turbidity current action and/or debris flows.
Some or all of these transport mechanisms must have included density

flows thicker than the channel depth to account for the large amount
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of overbank material; transport of nearly all of the coarser material
was confined inside the conduit. Based on the coring and faunal
determinations, the minimum depth of the channel may have been 110-
160 m.

Seismic records show an upward displacement of the channel floor
in steps coupled with discrete lateral movements. This means that the
channel is migratory in nature, and that its fill is mainly a lag
overlain by a hemipelagic fiill. Interpretation of the many ridges and
swales seen on high-resolution seismic records and side-scan sonar now
becomes possible: each time the channel became an active conduit it
built up its floor and constructed levees. The next pulse caused a
lateral move (migration), and the same process repeated itself. New
levees were formed and the tops of older ones were eroded. The over-
all process is quite similar to a meandering fluvial system. The
bedforms seen on the EDO side scan can only be interpreted as trans-
verse sand waves constructed in the upper foraminiferal ooze. Studies
other than coring or drilling will have to be used to further document
these features.

Site 622 would ideally have been located near the inner bend of
the same meander belt on which Site 621 was locafed. Because proxi-
mity to both the 13.5 and 16 kHz beacons prevented dropping of a third
beacon at the desired location, the site had to be moved to a com-
parable morphologic position in the next meander to the east. The
objectives of this site were to determine if any lateral sediment

distribution patterns were present that appear similar to meandering
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fluvial system. The hole was drilled to a depth of 208 m sub-bottom.
The overlying Holocene marly foraminiferal ooze was 25 cm thick, which
may be compatible to that at Site 621, if the influence of coring the
interface is taken into account. The sediment section at Site 622 is
very similar in overall aspect to that at Site 621. The pebbly
mudstone was drilled at a depth of 199 m sub-bottom, Overlying is a
fining-upward sequence of which the lower sands are much thicker (65

vs. 34 m) than at the thalweg site (Fig. 2).

Lower Fan Lobe Area

Four sites (Sites 614, 615, 623, and 624; Fig. 1) were occupied
on the lower fan to identify the sediment characteristics and modes
of sediment transport within the youngest fan lobe and to compare
those with the older, underlying fan lobes. Other main objectives
were to determine the biostratigraphic sequence and age relationships
of several succeeding fan lobes, to establish accumulation rates for
the uppermost fan lobes, and to identify the sediment provenance.
Successful well logs were run at Sites 615, 623 and 624 to obtain
more complete lithostratigraphic information than was possible in the
poorly recovered intervals.

Site 614 (penetration 150.3 m) was located near the terminal end
of the modern lower fan channels and their interfingering depositional
lobes. Extremely stiff clays prevented good core recovery, while
sands tended to be washed out. Poor core recovery prohibited accurate

determinations of sand/clay ratios, but our estimates suggest that the
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cored section contains 70% net sand. The recovered sediments were
generally barren of planktonic foraminifers, but contained sparse
benthics typical of inner and middle neritic environments. A thin
Holocene cover, about 1.5 m thick, has a thin marly foraminiferal ooze
at the top. The remainder of the cored section falls within Ericson's
Zone Y (late Wisconsin glacial stage) and consists mainly of
turbidites (Fig. 2).

Site 615 was drilled in the same general area, 21 km northeast of
Site 614. It was located on the western levee of the central channel.
The channel at this location is only about 400 m wide and 10 m deep.
Total penetration at Site 615 was 523.2 m using a combination of the
Advanced Piston Corer and the Extended Core Barrel. Three fan lobes
and the top of a fourth one were cored. The sediments were dominantly
graded muds containing only displaced fauna (Fig. 2). Planktonic as
well as deep-water benthic fauna are very rare, implying a nearly
continuous deposition of sands and clays during the late Wisconsin
glacial stage. Recovered faunal assemblages indicate that most the
sediments were derived from inner and middle neritic environments.
As at Site 614, the major mode of sediment transport was by turbidity
currents. Well logs from Site 615 show that the youngest fan lobe
(199 m thick) contains a total of 82 m net sand (41%). A total of
184 m (65%) of the underlying, 267 m thick fan lobe is net sand. Both
fan lobes fall within the Ericson Zone Y and have average accumulation
rates of 646 cm/1000 yr. (Fig. 3). The fan lobe, or part of a fan

lobe, that underlies the upper two consists of 29 m nannofossil ooze

40



(Ericson Zone X, late Wisconsin intefstadial). That lobe shows
grading upsection from a basal zone of thin breccia to a nannofossil
foraminiferal ooze to a nannofossil ooze. It is interpreted as a
debris flow deposit that likely originated near the De Soto Canyon
area; the recovered fauna indicates a shallow carbonate platform ori-
gin including pinnacle reef environment. The ooze unit has an average
accumulation rate of 75 cm/1000 yr., although it may have been one
instantaneous geologic event. The lobe bottomed in Ericson Zone W
(early Wisconsin glacial) muds with shallow water origin. The well
logs clearly demonstrated that the nonrecovered core intervals were
sandier than estimated from the recovered cores (core estimate is
15.6% while gamma log estimate is 59.6%).

Neither Site 614 nor 615 showed any gas except for traces of
methane in the calcareous debris flow deposit at Site 615.

Sites 623 and 624 were located 55 km north-northwest of Site 615
in the transitional area between the middle and lower fan areas, where
seismic reflection profiles show a buried channel. The main objective
of these sites was to core and log this zone where the influence of
the channel on sand and silt transport starts to decrease before
"fanning out" in lower fan depositional lobes. One hole (Site 623)
was drilled through the edge of the buried channel (total depth 191 m
below sub-bottom) and one hole (Site 624) 4.8 km away to study levee
and overbank deposits in this part of the modern fan lobe (total depth
200 m sub-bottom). Both sites were logged successfully; a duplicate

hole was taken at Site 624 in the levee and overbank deposits and
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recovered cores were reserved for shore based geotechnical studies.

Both Sites 623 and 624 contain similar lithologic sections,
although the sediments at Site 624 are slightly finer grained. The
sediment cores and the well logs suggest one indistinct fining-upward
sequence, although this sequence could also be divided into many in-
distinct fining-upward (channel deposits), coarsening-upward (overbank
deposits), and saw-tooth patterns (levee deposits). Without further
analyses, boundaries are insufficiently clear to present a final
interpretation.

Cores and well logs collected at Sites 623 and 624, together with
the acoustic patterns of slightly irregular reflectors (rather than
good channel cuts or distinct parallel reflectors), strongly suggest
that the channel maintains its position for only a short time, does
not significantly meander, and frequently shifts to a new position.

Site 616 (total depth 371.0 m sub-bottom) was initially thought
to be located on the outer flank of the middle fan lobe. There were
two main objectives for drilling this site: first, the upper 100 to
110 m at this location had been interpreted by Walker and Massingill
(1970) as a wide-spread slump based on USNS Kane 3.5 kHz records; it
was hoped that drilling this site would successfully test this inter-
pretation. Second, we hoped to investigate the sedimentologic,
paleontologic, geochemical and geotechnical properties of the flank
deposits and to locate the boundary between the modern fan lobe flank
and the underlying lobe. The drill pipe became stuck at 371 m sub-

bottom and had to be severed at the lowermost joint of the 5% in.
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drilling pipe. Although the entire cored section was much finer
grained than observed at the lower fan sites, it subsequently became
obvious that the results did not agree with those from other sites
drilled on the mid-fan. Reexamination of seismic records indicated a
series of acoustical zones that offlap onto a deeper reflector at

445 m sub-bottom and thin out toward the north and east (Fig. 5).
Those offlapping units are present at Site 620 but not at Site 617.

We therefore conclude that we drilled a different fan lobe at Site 616
than at all other sites.

The upper 100 to 105 m drilled at Site 616 consists of a fine-
grained mud with silt and fine sand intercalations that display steep
dips (up to 65°) in discrete zones separated by thin units of highly
disturbed material (Fig. 2). This sequence obviously resulted from
emplacement by mass-movement processes. The source of the sediment is
unknown because the foraminiferal assemblages were poorly developed.
Our current interpretation is that this upper zone represents a number
of slides. Underlying these slides we penetrated two fan lobes (Fig.
2). The uppermost lobe is approximately 88 m thick with a total of
33.8 m of sand (38.5%) and represents an upward-fining sequence.

The lower lobe was only partially cored. It appears to display a
coarsening-upward sequence with a minimum of 7% net sand. Both lobes
fall in Ericson's Zone Y. These fan lobes have a minimum accumulation
rate of 373 cm/1000 yr., excluding the overlying slide deposits (Fig.
3). Based on seismic correlations of Ericson's Zone X the accumula-

tion rate could be as high as 563 cm/1000 yr. Post cruise geophysical
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studies, especially of the recent data collected by the University of

Texas, may enable us to place this site in its proper prospective.

Important Shipboard Observations and Conclusions, Mississippi Fan

L. Seismic analyses indicate that the Mississippi Fan is built
by a number of elongate fan lobes that are not stacked vertically, but
switch laterally and prograde basinward.

2, Each fan lobe is basically a channel-levee-overbank system.

3. Each fan lobe can be divided into a canyon, an upper fan
lobe, a middle fan lobe, and an outer fan lobe.

4. Canyon: Mississippi Canyon is an erosional feature formed
at or near the shelf break as a result of slope failure followed by
retrogressive slumping.

5. The upper fan lobe is characterized by a large erosive
channel that is nearly filled. The northern part is confined between
diapirs. The southern pért is slightly sinuous, has massive levees,
and has a central channel incised in its fill,

6. The middle fan lobe is convex upward in cross section, is
about 400 m thick, 150 km wide, and has a 3-4 km wide sinuous channel
at its apex. This channel is nearly filled. The dimensions and
sinuosity of the channel decrease down fan.

7. The lower fan lobe is an aggradational area where the chan-
nel becomes small and shallow, has levees, and may bifurcate before

it terminates. Several, slightly parallel, abandoned channels are
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located nearby, suggesting a short active life followed by abandon-
ment. Channel terminations not only jump laterally but likely also
back and forth with an overall progradation. At the end of a channel,
one (or more?) lenticular or oblong depositional lobes are deposited.

8. A first estimate on amounts of clay, silt, saﬁd, and gravel
in the Mississippi Fan suggests that the source of this material was
very high in clay content.

9. The channel on the upper and mid-fans has acted as a conduit
for transport of sand and finer sediment to the lower fan. Volume
calculations of how much was left in the channel versus how much was
deposited outside the channel and on the lower fan will show if this
is really a sand-efficient system.

10. The upper and middle fan channel is filled with coarse-
grained material retained during transport. The channel fill
accumulates by lateral migration and vertical aggradation. This
coarse—-grained sediment is overlain by a more passive fill consisting
mainly of fine-grained sediments.

11. The channel on the mid-fan must have been of sufficient
depth to prevent turbidity currents from carrying much coarse material
at levels higher than its levees. However, most of the turbidity cur-
rents must have been thicker than the channel depth to allow large
quantities of fine-grained material to flow over the levees and to
build the overbank deposits. Based on seismic, coring, and faunal

determinations, the minimum depth of the channel may have been 110 to

160 m.
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12. The gravel found in the mid-fan channel must be time equiva-
lent to sands in the lower fan.

13. The channel in the mid-fan is migratory. Each time it moves
upward and lateral it builds levees. Several rows of levees support
the migratory nature.

l4. The channel on the lower fan seems to have shifted its posi-
tion frequently rather than being stable or migratory. The sediments
in that area show alternations of indistict fining-upward (channel
deposits), coarsening~upward (overbank deposits), and saw-tooth
patterns (levee deposits).

15. Nearly all the sections cored fall in the Ericson Zone Y
(late Wisconsin glacial). Tentative average accumulation rates on
non-decompacted sediments show rates ranging from about 2 m/1000 yr.
(middle fan) to 6 to 7 m/1000 yr. (lower fan). This necessitates
nearly continuous sedimentation in a geologic sense.

16. Fauna is very sparse. Displaced Cretaceous foraminifera and
nannofossils are not uncommon. Planktonic foraminifers are rare in
the Y zone. The displaced benthic species indicate a neritic origin.
Mid-fan Site 620 (overbank) is the exception, containing bathyal
benthics, many radiolarians and few planktonics. Consequently dis-
placed benthic species are mainly transported inside the channel
(similar to silt and sand grains), and only a few spill over onto the
overbank areas.

17. During Ericson's Y zone two fan lobes have been deposited

that are separated by a weak seismic reflector but sedimentologically
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could be separated into two major vertical sequences.

18. Local and maybe long distance mass movements are not un-
common.

19. All cored sediments (clays) are underconsolidated. At Site
620, overpressuring starts at a depth of 390 m where a pressure equal
to lithostatic pressure is present.

20. Although organic matter is present, the amount seems to be
low. This may explain why biogenic methane was scarce at all the

sites drilled.

INTRASLOPE BASINS

The continental slope off Louisiana and east Texas is character-
ized by a large-scale hummocky topography that is caused by underlying
diapirs. Most of these diapirs are assumed to consist of salt of
Louann age (Middle and Late Jurassic) and to be overlain by Tertiary
shales (Martin and Bouma, 1978; Martin, 1978). Locally the salt may
outcrop or be very near the water/sediment interface. Typically, no
two adjacent diapirs are of the same size or shape (Martin, 1980) or
effect the overlying sediments in the same way (Bouma, 1983).

The depressions between the diapirs--called intraslope basins—-
also vary in size, depth, and shape. The utilization of seismic

stratigraphy, aided by the collection of piston and gravity cores,
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has provided a tentative classification of these intraslope basins
into three major types: (1) blocked-canyon intraslope basins, (2)
interdomal basins, and (3) collapse basins.

A blocked-canyon intraslope basin is formed either by blockage
of the thalweg of a submarine canyon or upper fan valley caused by
upward-moving diapirs or is part of a series of intraslope basins that
were subjected to bottom transport of sediment that originated from
the same shallow-water source. The sediments in the axis of such a
basin contain coarse material that gradually changes laterally into
clays where the layer onlaps onto the sides of the diapirs. The
bottom contact of the coarse material often forms a low-angle uncon-
formity with the underlying sediments. The coarse material or "sands"
likely are overlain by muds of shallow-water origin; these can be
topped by hemipelagic and pelagic deposits. The coarser material can
be deposited either by turbidity currents or by debris flows, or the
interval can be partly or completely composed of slump material.
Acoustically, the coarse-grained interval appears either transparent,
semitransparent, or a combination of both with scattered hyperbolics.
The overlying muds likely are of turbidity current origin; acousti-
cally they form discontinuous, more or less parallel, reflectors. The
upper part of the sequence, the pelagic and hemipelagic sediments, is
represented acoustically as thin, parallel, continuous reflectors.

This vertical acoustical sequence is also visible in a lateral
direction, suggesting a lateral fining of the sediment. The seismic

sequence can be incomplete, and no pattern has been detected in
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relative thicknesses of the three intervals. Present data suggest
that each complete sequence does not exceed 0.25 s in thickness; often
they are much thinner.

Some similarity in seismic sequence can be seen between this type
of intraslope basin and the Mississippi Fan, specifically in the upper
fan (Bouma and Garrison, 1979; Bouma, 1981, 1983; Bouma, et al.,
1981). Well-published examples are Gyre Basin and Pigmy Basin; both
show the acoustical sequences well.

The second type of intraslope basin--an interdomal basin--forms
when a group of upward-moving diapirs coalesce, thereby surrounding
a depression with a wall and eliminating any possibility of coarser-
grained sediments entering that depression by means of bottom
transport. As a result only hemipelagic and pelagic sediment can
accumulate.

Orca Basin is the only known example of this second category of
intraslope basins. This basin is exceptional in that it contains a
hypersaline, anoxic layer of bottom water about 200 m thick (Trabant
and Presley, 1978). Seismically one observes salt outcropping on
multichannel records on the northeast side of the basin (Bouma, 1983).
Mini sparker and air gun records do not show sub-bottom reflectors
that may indicate either the thickness of the anoxic bottom sediments
or the contact with underlying, older deposits.

The third type of intraslope basin--collapse basins--are small,
irregularly shaped depressions commonly found on diapiric tops. A

graben structure can often be observed. Collapse basins are the
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smallest of the three types of intraslope basins. They are either
formed by tensional collapse of the overburden or result from vertical
collapse because of solution of salt from the top of the diapir
(Martin and Bouma, 1978; Bouma, 1983). The normally flat or slightly
upward bulging bottom is located above the surrounding seafloor and
separated from it by a surrounding rim. The sediments are typically
hemipelagic and pelagic. Acoustic profiles over these basins show
thin, parallel reflectors, often disturbed by growth faults and normal
faults. Studied examples are Carancahua and East Breaks Basins
(Bouma, et al., 1981).

The main objective of drilling one site in each of the two most
important types of intraslope basins was to obtain a complete upper
Pleistocene stratigraphic record. Because of the unique anoxic condi-
tions in Orca Basin, we wanted to establish the organic and inorganic
characteristics of the anoxic and the underlying oxic sediments, and
to establish the source of the brine. It was expected that biostrati-
graphic resolution might be good enough to provide insight into the
timing of slope diapiric activities. A final objective at Pigmy Basin
was to correlate the observed acoustic sequence with lithological
types, sea level variations, climatic zones, and sediment processes.

Site 618 was located near the center of the northern subbasin in
Orca Basin (Fig. 1). Drilling was terminated at 92.5 m because of
the poor faunal content in the primarily displaced sediment. Core
recovery was excellent to a depth of 62.5 m; below that, average

recovery dropped less than 50%. The near-surface sediments were gray
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rather than black as had been predicted. From O to 16 m the sediments
were a very uniform clay, displayed an abundance of gas-escape struc-
tures, and contained an abundance of reworked benthic foraminifera.
This unit was interpreted as a local Holocene slide.

Underneath this slide we cored a 1.5 m zone of dark black anoxic
sediments. Downhole the sediments again became a gray clay, and
contained occasional thin interbedded dark black clays. The deepest
black layer encountered occurred at a sub-bottom depth of 41 m; the
remainder of the cored sequence consisted predominantly of gray clays
(Fig. 2).

Because of the abundance of gas expansion cracks, few sedimentary
structures could be observed and sampling for paleomagnetic determina-
tions could not be done. The sediments contained mixed planktonic,
dominantly displaced, foraminiferal assemblages. Interstitial water
analyses showed a rapid decrease in salinity from about 270 ppt at the
surface to about 45 ppt at a depth of 30 m below which it stayed about
constant. Very small, white, crystalline gas hydrates were found in
the upper cores.

The Holocene sediment accumulation at Site 618 is computed to be
158.3 em/1000 yr. (Ericson Zone Z); a minimum accumulation rate of
83.6 cm/1000 yr. was computed for the underlying drilled section
belonging to the Ericson Zone Y (Fig. 3).

Site 619 (penetration 208.7 m) is located in Pigmy Basin (Fig.
1). The basin is northeast-southwest trending, has a flat floor at

a water depth of about 2260 m and steep sloping walls formed by the
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adjacent diapirs. The walls rise to about 700 m above the basin
floor.

The continuously cored section consists of muds and clays
containing an abundant benthic and planktonic fauna (Fig. 2). The
hemipelagic muds contain only a minor amount of thin (coarse) sandy-
silty turbidites and do not show any significant influence of mass
movement. The absence of gas and the abundance of foraminifera made
this site ideal for a detailed upper Pleistocene stratigraphy;
closely-spaced samples for shore-based biostratigraphic, paleomag-
netic, and oxygen isotope stratigraphic studies were collected.

A well-preserved and rather complete stratigraphic section of
the Wisconsin was cored at Site 619. Ericson's Zones Z, Y, X, and W
were penetrated. Computed sedimentation rates were 83.3 cm/1000 yr.
for the Holocene (Zone Z, 10 m thick), 186.3 cm/1000 yr. for the late
Wisconsin glacial (Zone Y, 136 m thick), 23.8 cm/1000 yr. for the
Wisconsin interstadial (Zone X, 10 m thick), and a minimum of 76.5 cm/
1000 yr. for the early Wisconsin glacial (Zone W, 52 m cored) (Fig.
3).

The predominantly clay section contains an abundance of bathyal
benthic foraminifers in the lower part of the cored Zone W (early
Wisconsin glacial), in addition to displaced shallow neritic benthic
species. A prominent ash layer was cored at a sub-bottom depth of
141.5 m, coinciding with the top of Ericson's Zone X. This ash may
be the Y-8 ash of Kennett and Huddlestun (1972) deposited 84,000 yr.
B.P.

Diapiric movement forming this basin must have been minor during
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the late Pleistocene because a minimum of mass-movement deposits were
observed in the cored section. In spite of the fine-grained nature of
the sediments, we were able to detect compositional changes at depths
predicted by seismic reflectors; differences in sediment composition
are small, but are apparently sufficient to provide the necessary

impedance contrast.
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Figure 1. Location map showing sites drilled on DSDP Leg 96.
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SITE 614

HOLE 614

Date Occupied: 1 October 1983, 1332 LCT

Date Departed: 2 October 1983, 1140 LCT

Time on Hole: 22 hr.

Position (latitude; longitude): 25°04.08'N; 86°08.21'W
Water depth (sea level; corrected m, echo-sounding): 3310 m
Water depth (rig>floor; corrected m, echo-sounding): 3320 m
Bottom felt (m, drill pipe): 3314.1 m

Penetration (m): 37.0

Number of cores: 5

Total length of cored section (m): 37.0

Total core recovered (m): 37.07

Core recovery (%): 100

Oldest sediment cored:
Depth sub-bottom (m): 37.0
Nature: sand
Age: Pleistocene (Ericson Zone Y)

Measured velocity (km/s): 1.580 km/s

Basement: N/A
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SITE 614

HOLE 614A

Date Occupied: 2 October 1983, 1140 LCT

Date Departed: 4 October 1983, 0140 LCT

Time on Hole: 1 day, 14 hr.

Position (latitude; longitude): 25°04.08'N; 86°08.21'W
Water depth (sea level; corrected m, echo-sounding): 3310
Water depth (rig floor; corrected m, echo-sounding): 3320
Bottom felt (m, drill pipe): 3314.1

Penetration (m): 150.3

Number of cores: 13

Total length of cored section (m): 75.0

Total core recovered (m): 56.06

Core recovery (%): 75

Oldest sediment cored:
Depth sub-bottom (m): 150.3
Nature: clay
Age: Pleistocene (Ericson Zone Y)

Measured velocity (km/s): 1.730 km/s

Basement: N/A
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Principal Results:

Hole 614 was drilled in the lower Mississippi Fan (3290 m water
depth) near the terminal ends of the lower_fan channels and their
interfingering depositional lobes. The site was located on R/V Conrad
Line 70 (1430Z, 21 December 1982). The youngest fan lobe is
approximately 200 m thick in this region.

Hole 614 penetrated to a depth of 37.0 m below the seafloor. The
parting of the wire line connection to the corer required abandonment
of the hole. Hole 614A, directly adjacent to Hole 614, was washed
down to a depth of 37 m from where the coring was continued.

Hydraulic piston cores (HPC) were obtained to a depth of 131.4 m below
the seafloor. Coring the thick sand units and extremely stiff clays
became difficult with the HPC. The extended piston corer was
attempted, but the sands tended to wash out, resulting in poor core
recovery. A total penetration of 150.3 m was completed in Hole 614A.
Total core recovery in Hole 614 was 37.1 m and 56.03 m in Hole 614A.
During the entire coring operation, the ship encountered extremely
stfong currents (estimated at 3 knots) setting from the northeast.
This factor caused significant problems in maintaining position on the
site.

The coring at the site accomplished the stated objectives. The
principal results of the coring were:

1) We discovered a tremendous amount of sand in the lower fan at
this site, making up an estimated 707 of the upper 150 m of the
sediment column. The nearest source for this sand is the area near
the head of the Mississippi Canyon, a distance of approximately 470 km

from the site.
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2) The fauna in the clays, as well as in the sands, is barren of
planktonic foraminifers and contains reworked fauna typical of innmer
and middle shelf environments.

3) The sequence is dominated by turbidite facies.

4) Sedimentation rates in the turbidite sequence are extremely
high: about 206 cm/1000 yr. The thin Holocene sequence displays a
rate of 1.6 cm/1000 yr.

5) The cored sequence shows an incomplete coarsening-upward
sequence from 150 to 115 m, a blocky, thick sand sequence from 115 to
25 m, and a fining-upward sequence over the top 25 m.

6) The Advanced Piston Corer performed rather successfully in

coring loose sand series.
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SITE 615

HOLE 615

Date Occupied: 4 October 1983, 1037 LCT

Date Departed: 9 October 1983, 1155 LCT

Time on Hole: 5 days, 1 hr.

Position (latitude; longitude): 25°13.3N; 85°59.5'W
Water depth (sea level; corrected m, echo-sounding): 3268
Water depth (rig floor; corrected m, echo-sounding): 3278
Bottom felt (m, drill pipe): 3283.9

Penetration (m): 523.2

Number of cores: 52

Total length of cored section (m): 419.3

Total core recovered (m): 175.29

Core recovery (Z): 42

Oldest sediment cored:
Depth sub-bottom (m): 515.4
Nature: clay with silt
Age: Pleistocene (Ericson Zone W)

Measured velocity (km/s):

Basement: N/A

76



SITE 615

HOLE 615A

Date Occupied: 9 October 1983, 1150 LCT

Date Departed: 10 October 1983, 2035 LCT

Time on Hole: 1 day, 9 hr.

Position (latitude; longitude): 25°13.35'N; 85°59.55'W
Water depth (sea level; corrected m, echo-sounding): 3268
Water depth (rig floor; corrected m, echo-sounding): 3278
Bottom felt (m, drill pipe): 3285.9

Penetration (m): 208.5

Number of cores: 17

Total length of cored section (m): 74.5

Total core recovered (m): 51.93

Core recovery (7): 70

Oldest sediment cored: N/A
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Principal Results:

Hole 615 was drilled in the lower Mississippi Fan on the western
levee of the small central channel. The water depth at the site was
3278 m. The location of this site is 21 km northeast of Site 614.

The original location of this site was on R/V Conrad Line 73 at
2124Z. However, beacon failures forced us to move about 4 km away.
The final Site 615 was positioned to the north and slightly to the
west of 2138Z on R/V Conrad Line 75. A water-gun reflection record

was acquired across the site by the D/V Glomar Challenger.

The total depth of penetration was 523.2 m. The Advanced Piston
Corer was used to a depth of 136.0 m, showing a diminishing core
recovery with depth. The remainder of the section was cored with the
Extended Piston Corer, except for the interval 418.7-428.2 m in which
the APC was used.

Core recovery varied widely and unpredictably. Down to a depth
of 105 m recovery was extremely high, after which it varied between 0
and 30% with a few scattered very high percentages. The lowermost
section (485-523 m) again gave excellent recovery. Below a sub-bottom
depth of about 100 m the clays become very stiff and the sand content
generally increases. Both tend to decrease penetration as well as
retention of sand. The Extended Piston Corer normally prohibits
entering of sand into the corer or does not retain it. A marked, but
general, relatiénship exists between core recovery and amount of sand

present in the section.
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During the entire coring operation, the vessel encountered
similar strong currents as at Site 614. The calm sea state certainly
helped to maintain position.

At the end of the coring operation, during preparation for well
logging, the pipe stuck‘for several hours. After freeing the pipe,
two very successful logging runs were made: DIT-GR-caliper-sonic, dual
induction~conductivity-GR and FDC/CNL/NGT-Porosity. The logs amazed
the drilling crew by showing considerable less cave-in than was
expected, and the scientific crew by indicating the high amount of
sand in the cored interval.

The coring at Site 615 basically accomplished the stated
objectives with the exception of a study on sedimentary structures,
particularly in the sands, and on Mutti's comﬁensation cycles. The
complete unconsolidated nature of the sand caused fluidization during
coring, eliminating the ability to observe sedimentary structures.

The principal results obtained at this site are:

1) Although a large amount of sand was cored at this site and on
the previous one, the well logs showed that sand content was
significan;ly higher, by a factor of 2, than estimated from recovered
core,

2) The lower 40 m of the cored section consists of an
upward-fining carbonate sequence, starting with a breccia, overlain by
a foraminiferal-nannofossil coze and ending with a
nannofossil-foraminiferal (juvenile species) ooze. This series is
underlain by muds similar to those encountered above the calcareous

gseries. Foraminifers indicate a shallow-water carbonate platform
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oriéin, likely coming from the north rather than from the Campeche.

3) Ericson faunal Zones Z, Y, X and W (partiai) were cored.

4) Two megacycles occur in the cored series, one per individual
fan lobe. Each starts with a coarsening-upward series from mud to
sand, following by bedded sands, and topped by a fining-upward
sequence. The upper one has a Holocene pelagic ooze interval on top
of the fining-upward sequence.

5) Turbidite deposition seems to be the major agent in sediment
transport, including the muds. The source of the sediment is the
middle and upper shelf environments.

6) Seismic Horizon 20 is difficult to establish in the cores but
seems to coincide with the base of a clay interval (15 m thick) and
the end of the presence of reworked Cretaceous foraminifers.

7) Seismic Horizon 30 coincides with the top of the calcareous
series.

8) The calcareous series probably was emplaced by debris flow
deposition rather than by turbidity currents.

9) Near the bottom of Ericson's Zone Y the first planktonic.
foraminifers show up, increasing in number downward. The mud
underneath the calcareous series likely is the top of the Ericson
Zone W, the carbonates may be the only representative of Ericson
Zone X.

10) The clays below 100 m show a higher stiffness than
anticipated. Their overconsolidated nature can be ascribed to removal

of overburden in an engineering sense. However, such is not
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acceptable for this area. Another explanation deals with diagenetic
changes.

11) It has been clearly demonstrated that when core recovery is
poor, interpretations about the assumed lithologies for the section
are possibly erroneous. Well logs proved to be essential for
providing a more realistic lithologic picture.

12) The well logs clearly demonstrated that the nonrecovered
core intervals were sandier than the obtained cores which often were
slightly to medium muddy fine sands. This means that many beds likely
show an upward grading and upward increase in clay-sized material.

13) Analyses of the well logs and cored section indicated a net
sand thickness of 265.9 m or a 50.87 sand content in the cored
interval. The upper lobe had a net sand thickness of 81.7 m or a
41.1% sand content whereas the lower lobe had a net sand thickness of
183.0 m or a 65.1% sand content.

14) Computation of sediment accumulation rates are as follows:
(a) Zone Z——%B.S cm/1000 yr.; (b) Zone Y--645.9 cm/1000 yr; and
(c) Zone X--75.0 cm/1000 yr.

15) The upper cores through the levee show that these deposits
are made up of thin-bedded (1-5 cm) fine-grained turbidites.

16) The absence of detectable gas, except the traces in the
carbonates, likely is a function of low organic content and low
bacterial activity.

17) 1Initial shrinkage studies on the clays show a change in the

direction of anisotropy of *“he clays; the oblong pores being more
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vertical in the upper part of the section and more horizontal in the

lower part.:
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