2. SITE 397

Shipboard Scientific Party'

SITE DATA

Date Occupied:
Hole 397: 0005Z, 21 March 1976
Hole 397A: 1900Z, 29 March 1976

Date Departed:
Hole 397: 1900Z, 29 March 1976
Hole 397A: 0330Z, 7 April 1976

Time on Hole:
Hole 397: 8 days, 18 hours, 55 minutes
Hole 397A: 8 days, 8 hours, 30 minutes

Position: 26°50.7 'N; 15°10.8'W

Water Depth (sea level): 2900 corrected meters, echo sounding
Water Depth (rig floor): 2910 corrected meters, echo sounding
Bottom Felt at: 2914 meters, drill pipe

Penetration:
Hole 397: 1000.0 meters
Hole 397A: 1453.0 meters

Number of Holes: 2

Number of Cores:
Hole 397: 104
Hole 397A: 52

Total Length of Cored Section:
Hole 397: 981.0 meters
Hole 397A: 467.0 meters

Total Core Recovered:
Hole 397: 584.83 meters
Hole 397A: 242.66 meters

'Ulrich von Rad, Bundesanstalt fiir Geowissenschaften und
Rohstoffe, Hannover, Federal Republic of Germany (co-chief scien-
tist); William B. F. Ryan, Lamont-Doherty Geological Observatory,
Palisades, New York (co-chief scientist); Michael A. Arthur, Prince-
ton University, Princeton, New Jersey (present address: Deep Sea
Drilling Project, Scripps Institution of Oceanography, La Jolla,
California); Boris Lopatin, Research Institute of Arctic Geology, Len-
ingrad, USSR; Oscar E. Weser, Deep Sea Drilling Project, Scripps In-
stitution of Oceanography, La Jolla, California; Michael Sarnthein,
University of Kiel, Kiel, Federal Republic of Germany; Floyd McCoy,
Lamont-Doherty Geological Observatory, Palisades, New York;
Maria B. Cita, University of Milan, Milan, Italy; Gerhard F. Lutze,
University of Kiel, Kiel, Federal Republic of Germany; Norman
Hamilton, Southampton University, Southampton, England; Pavel

epek, Bundesanstalt fiir Geowissenschaften und Rohstoffe, Han-
nover, Federal Republic of Germany; Frank H. Wind, Florida State
University, Tallahassee, Florida; Gregory Mountain, Lamont-
Doherty Geological Observatory, Palisades, New York; Jean K.
Whelan, Woods Hole Oceanographic Institution, Woods Hole, Mass-
achusetts; and Christopher Cornford, Programmgruppe fiir Erdsl
und organische Geochemie, Jillich, Federal Republic of Germany.

Percentage Core Recovery:
Hole 397: 60 per cent
Hole 397A: 52 per cent

Oldest Sediment Cored:
Depth sub-bottom:
Hole 397: 1000 meters
Hole 397A: 1453 meters
Nature:
Hole 397: Pebbly muddy sandstone
Hole 397A: Quartzose mudstone with siderite layers
Age:
Hole 397: Early Miocene (NN 3)
Hole 397A: Late Hauterivian

Basement:
Depth sub-bottom: Not reached
Nature: N/A
Velocity range: N/A

Principal Results: Holes 397 and 397A, located on the upper-
most rise off Cape Bojador (Figure 1), were drilled and
near-continuously cored down to a sub-bottom depth of
1453 meters. The holes penetrated a 1300-meter-thick Qua-
ternary to lower Miocene section and passed directly into
the Lower Cretaceous (upper Hauterivian). This 100-m.y.
hiatus, shown as a major angular unconformity on some
seismic profiles, was generated by one or more mass-
wasting events which cut 1 to 2 km deep into a thick,
former Mesozoic, marginal wedge. Five prominent litho-
logic units are recognized.

Unit 1 (from 0 to 313 m sub-bottom) comprises Quater-
nary to early Pliocene, more or less siliceous, marly nanno-
fossil oozes deposited under conditions of high fertility and
good ventilation.

Unit 2 (313 to 545 m sub-bottom) comprises late Mio-
cene to early Pliocene marly nannofossil chalks and marl
oozes. Fluctuating carbonate concentrations might reflect
dissolution cycles. Several airborne volcanic ash layers of
phonolitic and rhyolitic composition were deposited from
the middle Miocene to Quarternary (14 to 0.3 m.y.B.P.).

Unit 3 (545 to 752 m sub-bottom), deposited during the
middle to early-late Miocene, contains many slump zones
of laminated chalks only slightly older than the autoch-
thonous sediments. A detailed magnetostratigraphy, cor-
related with biostratigraphy, revealed an alternating se-
quence of normal and reversed polarity intervals from the
Brunhes Epoch down to Epoch 7. Sedimentation rates in
Units 1 to 3 range from 80 to 30 m/m.y. Periodic changes
in the intensity of upwelling, input of sand and clay-sized
terrigenous material, reworked shelf carbonate detritus,
and dissolution can be related to climatic cycles, as inferred
from coarse-fraction and X-ray mineralogical studies.

Unit 4 (752 to 1297 sub-bottom) consists of mudstones,
pebbly mudstones, and sandy mudstones. This unit is char-
acterized by many debris flow and slump deposits trans-
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Figure 1. Location map for Site 397.

ported by downslope creep, debris avalanching, and gravity-
driven suspension currents (sedimentation rate: 110 to 200
m/m.y.). About 90 per cent of the section is displaced
material, derived from the lower and upper slope, gullies,
canyons, and the shelf. The autochthonous, hemipelagic,
highly burrowed nannofossil marlstones are only slightly
younger than the reworked sandstones, siltstones, and peb-
bly mudstones.

Thick volcaniclastic (tuffaceous) sandstones and altered
hyaloclastites (17 to 15.8 m.y.B.P.), rich in alkali basalt
and palagonite tuff (respectively), were transported by
debris flows from the adjacent Canary Province. They pre-
date the earliest shield-building phase, known from Gran
Canaria, and might be derived from Fuerteventura during
an early submarine to subaerial shield-building stage.
African-derived components include stained and frosted
desert-derived and current-reworked quartz, dark olive-
green organic-rich mudstones from the slope, and shelf
faunas (benthic foraminifers, solitary corals, mollusks,
bryozoans, etc.). Preservation of calcitic and aragonitic
tests is much better in displaced mudstone pebbles than in
the burrowed host sediments.

Unit 5 (1297 to 1453 m sub-bottom) consists of a Lower
Cretaceous (early-late Hauterivian), partly massive, partly

now

laminated silty claystone sequence with numerous thin sid-
erite and a few thin siltstone intercalations. The mudstones
are rich in quartz, mica, pyrite, fish debris, and plant re-
mains. The presence of some aragonitic fossils (ammonites
and pelecypods) and a sparse low-diversity benthic forami-
niferal assemblage, and the absence of bioturbation suggest
an oxygen-deficient distal prodelta environment (upper
bathyal water depth). Sedimentation rates probably
reached 75-150 m/m.y.

All five lithologic units have generated in-situ hydrocar-
bon gases by poorly understood low-temperature diagenetic
processes. Lateral preferential migration of the lighter C,
and C, hydrocarbons in respect to the C,, C,, and C; gases,
occurred in more porous sediments. The sediments are all
immature with respect to petroleum genesis.

The temperature gradient of the upper 400 meters is
about 4°C/100 meters, indicating a heat flow of 1.3 to 1.5
pcal/cm? s.

Seismic reflectors are correlated with lithologic, organic
geochemical, and bulk property discontinuities. Certain
acoustic horizons correspond to biostratigraphically rec-
ognized hiatuses which can be compared with those occur-
ring upslope at DSDP Site 369 and in Aaiun Basin commer-
cial wells.



BACKGROUND AND OBJECTIVES

Introduction

Within the framework of the International Phase of
Ocean Drilling (IPOD), Leg 47A was the first of a series
of legs selected by the JOIDES Passive Ocean Margin
Panel to concentrate on the stratigraphy and evolution
of the mature and starved passive continental margins
of the eastern Atlantic Ocean between northwestern
Africa and the Norwegian Sea. The geology of the
coastal basins on land and under the present shelf is
relatively well known from seismic results, outcrops,
and commercial wells, and the outer continental mar-
gins have now been occupied by several DSDP sites.
However, the continental slope and uppermost rise of
the Atlantic had been drilled only three times (Site 108
with 75 m penetration, 10 m recovery; Site 369 with 489
m penetration, 386 m recovery; Site 392 with 349 m
penetration, 38 m recovery). This environment is ex-
tremely important for a better understanding of the
structure and evolution of passive continental margins,
and for appreciation of their hydrocarbon potential as
well as the erosional and depositional processes active in
the transitional domain between the continental and
oceanic realms.

Physiographic Setting

The tectonically stable shelf off Cape Bojador, about
30 km wide, grades at 110 meters water depth into a
complex, 70-km-wide slope with an average gradient of
about 2-4° (fig. 1 in Arthur et al., this volume). Over a
distance of 250 km, 25 submarine canyons deeply incise
(200 to 1000 m) into the lower slope in a water depth
between 1500 and 3000 meters (see fig. 2 in Arthur et
al., this volume). Only the larger canyons have their
point of origin on the uppermost slope. Most canyons
are V-shaped and unfilled; below 2600 to 2900 meters
water depth, however, some canyons are U-shaped with
a fill of up to 300 meters of younger sediments. In addi-
tion to these deep valleys, the relatively rough topogra-
phy of the slope results from minor incisions or gullies,
and from slumping. Slumping occurs with moderate fre-
quency, especially on parts of the intermediate (Site 369)
and lowermost slope and along some steep canyon walls
(cf. von Rad et al., 1979).

At about 2700 to 3100 meters water depth, the slope
merges with the continental rise (gradient of about 0.2 °)
which is characterized by leveed channels, continental
rise swells (sedimentary ridges, low bottom undulations
with hyperbolic reflections), and debris flows derived
from large low-angle slides (Uchupi et al., 1976; Jacobi
et al., 1975; Embley, 1976). The rise is a broad physio-
graphic province extending nearly 800 km seaward, un-
til it merges either with the Cape Verde-Madeira Abys-
sal Plain or with the abyssal hill topography east of the
Mid-Atlantic Ridge.

Structural Setting

The continental margin off Cape Bojador is the
seaward continuation of the Aaiun-Tarfaya coastal
basin (‘“‘marginal geosyncline’’), filled by a thick se-
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quence of (mainly Jurassic and Cretaceous) sediments.
Gradually, they thin both seaward from a depocenter
beneath the present outer shelf and slope, and land-
wards toward the Precambrian Requibat High. Base-
ment is 12 to 15 km below sea level under the present
lower slope and uppermost rise (von Rad and Einsele, in
press; also see Frontispiece, this volume).

The key features of the area investigated are two ma-
jor unconformities and an ‘‘anticlinal’’ structure
underneath the lower continental slope detected by
shallow-penetration seismic records (Hinz et al., 1974,
Seibold and Hinz, 1974). This ‘‘slope anticline’’ had
been discovered in 1971 by the cruise of Meteor-25, and
its extent was traced during the 1975 cruises. However,
multichannel seismic profiles later revealed a sequence
of horizontal to landward-dipping layers underneath the
anticlinal structure (see Frontispiece, this volume; von
Rad et al., 1979). Present information pointstoa 3 to 5
km thick deltaic Early Cretaceous ‘‘basin’’ with gravity
tectonics (Beck and Lehner, 1974) under the present up-
per slope. Hinz et al. (1974) interpreted the two reflec-
tors as Cenomanian (‘‘D,”) and Oligocene/early
Miocene (‘‘D.’’) unconformities by seaward extrapola-
tion of Spanish Sahara well data. It is, however, ex-
tremely difficult to trace reflectors across the slope,
where older layers pinch out and younger ones are
onlapping farther downslope. Sometimes stratigraph-
ically important events, such as unconformities, are not
evident on the seismic records, whereas strong reflectors
may depict acoustic impedance and facies changes with-
in continuous lithostratigraphic units. A reinterpreta-
tion of the 1971 Meteor-25 Cruise, Profile A-2, pub-
lished by Hinz et al. (1974, their fig. 2) is given in Hinz
(this volume) and Wissmann (this volume).

The important changes in the interpretation of the
Cape Bojador continental margin between 1974 and
1975/1976, following the drilling of Sites 369 and 397,
and discussed in the section of the Site 397 Report enti-
tled ‘“Correlation of Seismic Reflection Profiles with
Drilling Results’’ and in Wissmann (both, this volume).
The new picture of the geology and structure of the
Cape Bojador continental margin is schematically
shown in the Frontispiece and briefly discussed follow-
ing von Rad et al. (1979). Seismic reflection profiles,
refraction seismics, and onshore and offshore well data
indicated thick Mesozoic sediments overlaying the meta-
morphic basement, which is Precambrian (or Her-
cynian?). However, these stratigraphic relationships
were not revealed in single or multichannel profiles.

Refraction and multichannel seismic data suggest
that an extremely thick (4 to 6 km) accumulation of
Jurassic sediments, possibly neritic carbonates, overlies
continental or transitional basement below the present
slope and upper rise. During the Early Cretaceous, 3 to
5 km of deltaic clastic sediments (‘“Wealden facies’”)
were deposited in the vicinity of the present upper slope.
Following a major Albian to Turonian transgression,
the depocenter migrated landward. Paleogene and Up-
per Cretaceous sediments form a relatively uniform
cover (1 to 3 km thick) below the present shelf; they ter-
minate seaward of Site 369, indicating an erosional
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truncation. Following this catastrophic erosional event,
possibly during the late Oligocene to earliest Miocene,
the center of Neogene sedimentation rapidly switched
from the shelf and upper slope to the upper rise (Site
397), whereas the continental slope was covered by only
a few hundred meters of Neogene to Quaternary
sediments (Site 369).

Status of Pre-Site Survey

Site 369 was drilled during Leg 41 (Lancelot, Seibold,
et al., 1978) at a water depth of 1752 meters on the in-
termediate slope off Cape Bojador. At Site 369, a
488-meter-thick Aptian to Quaternary sediment section
was continuously cored. The sedimentological and bio-
stratigraphic results and paleoenvironmental and tec-
tonic interpretations of that site provide us with an im-
portant input of well-established geological knowledge
for the planned drilling program.

In preparation for further drill sites in that continen-
tal margin area, a broad reconnaissance geophysical and
geological survey was undertaken in 1975 during Cruises
VA-10 of R/V Valdivia and M-39 of R/V Meteor
(Seibold and Hinz, 1976; von Rad et al., 1979).

The West Saharan continental margin between Cape
Bojador and Cape Blanc was mapped by seismic reflec-
tion profiling to find prospective sites along the lower
slope, where Mesozoic rocks and a more-or-less com-
plete Paleogene and Neogene sedimentary sequence
could be drilled by single-bit holes during Leg 47A. In
addition to 10 slope-crossing and 10 slope-parallel
single-channel seismic lines from the BGR (Hannover),
one multichannel GSI line and several single-channel
lines by WHOI (Uchupi et al., 1976) and L-DGO (R/V
Vema cruises) were used to define the proposed sites.
Most of these lines were also used for the construction
of bathymetric and reflector isochrone maps (see ‘“‘Cor-
relation of Seismic Reflection Profiles with Drilling
Results’’). Based on the seismic results of the Valdivia
and of the 1971 M-25 cruises, a number of canyons
(deeply incised into the steep lower slope off Cape Bo-
jador) and the precipitous upper slope west-southwest
of Vila Cisneros were selected for a detailed dredging
and coring program (von Rad et al., 1979).

A piston core (VA10-15KL) from a terrace on the
northeast wall of Canyon B (fig. 2 in Arthur et al., this
volume) contains olive-gray, semiconsolidated upper
Aptian to lower Albian marly nannofossil ooze. A
dredge sample from the lowermost wall of a nearby can-
yon consists of middle Eocene/lower Oligocene radio-
larian nannofossil chalk, foraminiferal biomicrites en-
riched in phosphate and mollusks, and calcareous
diatom mudstone. All lithologies are rich in quartz,
phosphate, fish remains, and their benthic foraminiferal
associations reflect deposition in an outer sublittor-
al (outer shelf-upper slope) environment. The rocks,
which can be tentatively correlated with the Eocene
Gueran Member of the Samlat Formation (Ratschiller,
1970), probably represent a slump derived from the up-
per part of the canyon wall above D,. Different lith-
ologies were recovered from a strongly reflective ter-
race below D, near the floor of Canyon P (VA10-29/30
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KD, 2800 to 2760 m water depth). These consist of Al-
bian to Cenomanian quartzose marlstones, subspheri-
cal calcilutite concretions, phosphatized mollusk-rich
limestone breccia, quartzose mudstone, and belemnites
(Neohibolites ultimus). These sediments apparently
originated in a carbonate shelf and uppermost slope
source environment with negligible terrigenous input,
upwelling conditions, and reworking of the underlying
clastic Lower Cretaceous (von Rad et al., 1979). During
the Paleogene, these rocks were displaced into deeper
water by slumping and debris flows.

Selection of Site 397

The originally proposed Site 397 (26°46'N,
15°09.5'W; 2820 m water depth, position slightly
changed later) is located near shotpoint 2640 on a pro-
cessed 24-channel seismic line (AlL), kindly provided
by Geophysical Service International Ltd. (GSI) as a site
proposal to the JOIDES Passive Ocean Margin and
Safety Panels. The site is on the uppermost continental
rise, west-northwest of Cape Bojador (a few km
seaward of the foot of the slope), in an area where
reflector D, is about 1.0 s below the sea floor and
underlain by more-or-less horizontal (Lower Creta-
ceous) strata. This position is about 7 km west of a
parallel Meteor profile (M-25 A-2, single-channel line,
BGR Hannover, 29 October 1971, 13:45; Hinz et al.,
1974, their fig. 2) which shows great detail in the upper-
most one second of sediments. Minor slump features on
both profiles were avoided.

Temporal constraints and drilling-recovery success
at Site 397 disallowed drilling an additional proposed
site for Leg 47A. The proposed site (26°30.0'N,
15°22.0'W; 2100 m water depth) was to be drilled on
the northwest flank of the deeply incised Canyon B, in
an area already thoroughly studied by means of dredg-
ing and coring. The proposed site, together with Sites
397 and 369, would have completed a transect from the
uppermost rise to the continental slope, and would have
allowed construction of a detailed profile of the con-
tinental margin off northwestern Africa.

Anticipated Stratigraphy and Lithology

The following anticipated stratigraphic results for
Site 397 are estimates, compiled prior to commencement
of drilling (also see Wissmann, this volume).

Two-way
Travel Time  Lithologic
(s) Interval Description
1 Recent to Miocene/Oligocene onlap-

ping, bedded, soft (hemi)pelagic rise
sediments (calcareous + siliceous
oozes) and turbidites

0.75 2 Well-developed D, unconformity (?late

Eocene/early Miocene)

3 Paleogene/Upper Cretaceous, more
strongly reflective strata (limestones,
marlstones, cherts, clastic rocks); be-
tween D, and D,, an intermediate un-




Two-Way
Travel Time  Lithologic

(s) Interval Description

conformity (D,.) can be observed in
some of the seismic records

Angular unconformity D, (Middle Cre-
taceous/?Eocene), dipping about 1 to
2° seaward; weakly reflecting, +
horizontal, Lower Cretaceous (?Neo-
comian/Barremian?), clastic and car-
bonate rocks

0.98 4

OBJECTIVES

The major objective of Leg 47A was to decipher the
complex Cretaceous and Tertiary history of a mature
flexured, passive continental margin, for which the
West Saharan margin between the Requibat Uplift
(Cape Blanc) and the Canary Islands (Cape Juby) is a
good example. The subsiding edge of this margin has ex-
perienced major episodes of erosion, non-deposition,
and redeposition, especially during two major regres-
sions (mid-Cretaceous and mid-Tertiary). The thick
wedge of the uppermost continental rise sediments off
northwestern Africa had never been penetrated before
beyond the Neogene (Site 139). Site 369, on the con-
tinental slope nearby, served as an ideal companion site
for rise-slope comparisons. The planned site was ex-
pected to allow better reconstructions of the history of
uplift and subsidence, transgressions and regressions,
mechanics of deposition, and erosion during the Early
Cretaceous to Neogene. We anticipated that with deep
drilling it should be possible to determine whether (1)
the erosion was in response to epeirogenetic movements
which maintained the continental edge in a shallow-
water environment for long time intervals; (2) the trun-
cation was generated by downward dissection of the
continental terrace by slumping, turbidity currents, etc.,
as a consequence of large eustatic sea-level lowerings; or
(3) by the vigorous action of deep-water boundary cur-
rents at times of enhanced near ocean-floor circulation.

Specific objectives included:

a) Refinement of biostratigraphy, magnetostrati-
graphy, and lithostratigraphy in an expanded high-
fertility upper Neogene section above the CCD.

b) Comparative facies studies in sediments ranging
from shelf to slope and rise environments (in conjunc-
tion with Site 369, commercial shelf wells, and land out-
crops); allochthonous flysch-type sedimentation.

c) Age, nature, and cause of unconformities from
shelf to rise depths (reflectors D, and D,).

d) Neogene paleoceanography and paleoclimato-
logy inferred from high-sedimentation rate, hemipelagic
sections, and correlations between North Atlantic and
Mediterranean basins.

e) Diagenetic behavior of clayey, carbonate, and
siliceous sediments; maturation of organic matter in
high sedimentation rate continental margin sections.

f) Hydrocarbon potential of the uppermost con-
tinental rise setting within the 10 to 15 km thick ““Cape
Bojador marginal basin.”

SITE 397

OPERATIONS

Site Approach

Site 397 was initially targeted near shotpoint 2640 on
GSI seismic line A1L. Due to the stratigraphic pinch-out
of seismic reflectors D, and D, at the base of the con-
tinental slope, it was considered prudent that, if there
were to be any error in longitudinal positioning, the site
should be situated to the east of the GSI line and to the
west of Profile M-25 A2, on which the pinch-out could
also be detected. Hence, Glomar Challenger was di-
rected along a dead-reckoning course which took the
vessel approximately equidistant between the two seis-
mic lines (see Figure 2). The longitude control was sup-
plied by a west-to-east Vema line V30-05. Latitude con-
trol would be generated by comparing the sea-floor top-
ography and sub-bottom reflection geometry on the un-
derway Challenger profile, to that on existing profiles
for the vicinity of the targeted drill site.

Site 397 was approached late during the evening of 20
March 1976, at a speed of 6 knots. Satellite fixes were
computed for 2230 and 2250 hours. As the later fix was
plotted, it was realized that the drilling vessel was
already too far upslope for her given latitude if the GSI
line was correctly positioned. An agreement between the
real-time data and that on the GSI profile could be
registered by adjusting the GSI line several miles to the
north-northwest. It was certainly clear that the Chal-
lenger could not drill below reflector D, at the 2300-
hours position, which placed the vessel upslope of the
aforementioned pinch-out.

As soon as this judgment was agreed upon by the Co-
Chief Scientists and fellow colleagues, the vessel was
directed to turn to starboard onto a reciprocal course to
take her back down-dip of the slope anticline and north-
northwest to the approximate latitude of the Vema line.
The intended location had a water depth of approxi-
mately 2900 meters and a D, depth of 4.85 s.

At 0005 hours on 21 March, dead-reckoning placed
the Challenger close to the Vema line; the under-way
seismic profile showed the vessel to be far enough off-
structure (with relatively horizontal D, and D, reflec-
tors) to drop the beacon.

The ship proceeded about one-and-a-half km beyond
the beacon drop to continue the seismic profile; after
pulling in the towed gear, the Challenger then com-
menced back to a station-keeping position over the
beacon.

Electrical problems with a relay in the control circuit
for the automatic mode of the dynamic positioning
system caused the postponement of ‘‘spudding in’’ until
the evening of 21 March.

Drilling Operations, Hole 397

Drilling operations at Hole 397 began with a view to-
ward penetrating approximately 1300 meters of strata.
Based on anticipated lithologies, a 10" Smith F-94-CK
bit was used. The bottom hole assembly consisted of the
drill bit with the transducer of a 12-kHz pinger in place,
one core barrel, three 8-% " drill collars, two bumper
subs, two 8-%4 " drill collars, one 7-% " drill collar, and
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Figure 2. Position of profiler lines in the vicinity of Site 397.

one joint of 5-% " heavy all drill pipe. The heave com-
pensator was not ready to put in to line when drilling
operations began. Actual spud-in time was at 2030 hr on
21 March 1976 in a water depth of 2900 meters. The sea
floor as measured from the rig floor was 2914 meters (as
reported by the drillers) and 2910 meters (as recorded on
the PDR).

The drilling plan called for continuous coring,
although DSDP allowed for an option of overdrilling
(to a penetration of 19 m) for intervals where safety con-
ditions were favorable. The time, depths, and recovery
statistics for all cores from Hole 397 are listed in Table
1. Penetration rates (in m/hr), important aspects of the
drilling operations, gross lithologic changes, as well as
significant acoustostratigraphic units are plotted in
Figure 3.

The initial penetration rate of 270 m/hr in hemipe-
lagic strata was slowed irregularly but progressively
to about 30 m/hr at a depth of 260 meters. Wide fluc-
tuations within this depth interval were mainly the re-
sult of rounding-off the drilling time to the nearest min-
ute on the entry sheet, rather than caused by lithologic
variations. At 60 meters, some torque was experienced

(8%
rJ

on the drill pipe and the driller began rotating at 15 rpm.
Rotation was increased to 50 rpm near the bottom of
this interval. Circulation was broken for the first time at
240 meters.

From 260 to 290 meters, the decline curve of the
penetration rate was offset to higher values of about
80 + m/hr. The interval of this change occurred approx-
imately where the carbonate content of the hemipelagic
sediments showed an increase. It also coincides with the
depth at which siliceous fossils decreased to smaller
amounts.

From 290 to 700 meters, another irregular but pro-
gressive decrease in the penetration rate occurred,
beginning with 80 + m/hr and ending with 15+ m/hr.
The bottom of this interval corresponds to the approx-
imate depth of the D, acoustic reflector as well as to the
approximate depth (680+ m) where appreciable
amounts of sands began to appear at the base of the
hemipelagic sediments of lithologic Unit 1. Coring
within this interval showed a gradual increase in drill-
string torque necessitating a slight increase in bit weight.
At 313 meters, continuous pumping began which
showed an increase in pump pressure of from 50 to 500



TABLE 1
Coring Summary, Hole 397
Date Depth From Depth Below  Length Length
Core  (March Drill Floor Sea Floor Cored Recovered Recovery
No.  1976) Time (m) tm) (m) tm) (3]
1 21 2110 2910.0-2919.0 0.09.0 9.0 0.25 3
F4 21 2310 2919.0-2928.5 9.0-18.5 95 8.25 87
3 22 0030 2928.5-2938.0 18.5-28.0 9.5 8.60 91
4 22 0125 2938.0-2947.5 28.0-375 9.5 6.65 70
5 22 0225 2947.5-2957.0 37.547.0 9.5 6.7 71
6 22 0325 2957.0-2966.5 47,0-56.5 9.5 7.70 81
7 22 0500  2966.5-2976.0 56.566.0 9.5 8.60 91
8 22 0550 2976.0-2985.5 66.0-75.5 9.5 8.75 92
9 22 0705 2985.5-2995.0 75.5-85.0 9.5 6.17 65
10 22 0810 2995.0-3004.5 B85.0:94.5 9.5 G543 99
i 22 0910 3004.5-3014.0 94.5-104.0 9.5 9.69 73
12 22 1010 3014.0-3023.5 104.0-113.5 9.5 9.37 99
13 2 1105 3023.5-3033.0 113.5-123.0 9.5 9.70 102
14 22 1220 3033.0-3042.5 123.0-132.5 9.5 8.32 88
15 22 1320 3042.5-3052.0 132.5-142.0 9.5 9.50 100
16 22 1415 3052.0-3061.5 142.0-151.5 9.5 9.60 101
17 22 1515  3061.5-3071.0 151.5-161.0 9.5 9.60 101
18 22 1630 3071.0-3080.5 161.0-170.5 9.5 9.62 101
19 22 1735 3080.5-3090.0 170.5-180.0 9.5 8.26 B7
20 22 1830 3090.0-3099.5 180.0-189.5 9.5 9.65 102
21 22 1950  3099.5-3109.0 189.5-199.0 9.5 9.66 102
22 23 2050 3109.0-3118.5 199.0-208.5 9.5 9.64 101
23 22 2150 3118.5-3128.0  208.5-218.0 9.5 7.25 76
24 22 2250 3128.0-31375 218.0-227.5 9.5 9.63 101
25 23 0005 3137531470 227.5-237.0 9.5 352 37
26 23 0120 3147.0-3156.5 237.0-246.5 9.5 9.62 101
27 23 0250  3156.5-3166.0 246.5-256.0 9.5 7.90 LE]
28 23 0355 3166.0-3175.5 256.0-265.5 9.5 9.65 102
29 23 0500 3175.5-3185.0 265.5-275.0 9.5 9.58 101
kil 23 0605 3185.0-3194.5 275.0-284.5 95 9.56 101
il 23 0705  3194.5-3204.0 284.5-294.0 9.3 6.20 65
32 23 0810 3204.0-3213.5 294.0-303.5 9.5 581 61
33 23 0920 3213.5-3223.0 303.5-313.0 93 6.12 64
34 23 1025 3223.0-3232.5 313.0-322.5 9.5 9.70 102
is 23 1130 3232.5-3242.0 322.5-332.0 9.5 0.70 T
i6 23 1230 3242.0-3251.5 332.0-341.5 9.5 320 34
i7 23 1335 3251.5-3261.0 34135-351.0 9.5 6.05 64
ig 23 1430 3261.0-3270.5 351.0-360.5 9.5 947 100
9 23 1650 3270.5-3280.0 360.5-370.0 9.5 757 80
40 23 1755 3280.0-3289.5 370.0-379.5 9.5 3.87 41
41 23 1900 3289.5-3299.0 379.5-389.0 2.5 9.56 101
42 23 2015 3299.0-3308.5  389.0-398.5 9.5 2.07 22
43 23 2125 3308.5-3318.0 398.5408.0 9.5 9.65 102
44 23 2235 3318.0-3327.5 408.0417.5 9.5 691 73
45 23 2355 3327.5-3337.0 417.5427.0 9.5 7.05 74
46 24 0130 3337.0-3346.5 427.0436.5 9.5 0.30 3
47 24 0235 3346.5-3356.0 436.5446.0 9.5 7.53 9
48 24 0345 3356.0-3365.5 446.0455.5 9.5 3.50 37
49 24 0515 3365.5-3375.0 455.5465.0 95 443 47
50 24 0615 3375.0-3384.5 465.0474.5 9.5 1.28 13
51 24 0805 3394.0-3403.5 484.0493.5 95 0.10 2
52 24 0920 3403.5-3413.0 493.5-503.0 9.5 9.52 100
53 24 1040 3413.0-3422.5 503.0-512.5 9.5 1.56 16
54 24 1155 3422.5-3432.0 512.5-522.0 9.5 8.19 86
55 24 1305 3432.0-3441.5 522.0-5315 9.5 6.95 73
56 24 1420 3441.5-3451.0 531.5-541.0 9.5 395 42
57 24 1545 3451.0-3460.5 541.0-550.5 9.5 7.62 B0
58 24 1710 3460.5-3470.0 550.5-360.0 9.5 5.34 56
59 24 1825  3470.0-3479.5 560.0-569.5 9.5 1.70 18
60 24 2000 3479.5-3489.0 569.5-579.0 9.5 8.24 87
61 24 3220 3489.0-3498.5 579.0-588.5 95 8.39 88
62 24 2335 3498.5-3508.0 588.5-598.0 95 9.13 96
63 25 0110 3508.0-3517.5 598.0-607.5 9.5 2.57 27
64 25 0235 3517.5-3527.0 607.5617.0 9.5 6.15 65
65 25 0400 3527.0-3536.5 617.0626.5 95 7.70 81
66 25 0540 3536.5-3546.0 626.5-636.0 9.5 9.00 95
67 25 0705 3546.0-3555.5  636.0-645.5 9.5 2.50 26
68 25 DB25  3555.5-3565.0 645.5-655.0 9.5 4.92 52
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TABLE 1 — Continued

Date Depth From Depth Below Length Length

Core  (March Drill Floor Sea Floor Cored Recovered Recovery
No.  1976) Time (m) tm) (m) (m) (%)
69 25 0950 3565.0-3574.5  655.0-664.5 9.5 6.60 69
T0 25 1135 3574.5-3584.0  664.5674.0 9.5 392 41
71 25 1340 3584.0-3593.5  674.0683.5 9.5 740 78
72 25 1615  3593.5-3603.0  683.5-693.0 9.3 9.52 100
73 25 1750 3603.0-3612.5  693.0-702.5 95 4.64 49
74 25 1930 3612.5-3622.0  702.5-712.0 9.5 3.57 38
75 25 2110 3622.0-3631.5  712.0-721.5 95 3.15 33
16 25 2250 3631.5-3641.0  721.5-731.0 9.5 4.95 52
17 26 0020 3641.0-3650.5  731.0-740.5 9.5 4.35 46
18 26 0200 3650.5-3660.0  740.5-750.0 9.5 5.42 57
19 26 0350 3660.0-3669.5  750.0-759.5 9.5 249 26
80 26 0515 3669.5-3679.0  759.5-769.0 9.5 5.00 53
81 26 0645  3679.0-3688.5  769.0-778.5 9.5 0.50 5
82 26 0815 3688.5-3698.0  778.5-788.0 9.5 0.00 0
83 26 1145 3698.0-3707.5  788.0-797.5 9.5 2.68 28
84 26 1430  3707.5-3717.0 797.5-807.0 95 4.75 50
85 26 1620 3717.0-3726.5  ROT.0-816.5 9.5 7.74 81
86 26 1810 3726.5-3736.0 B16.5-826.0 95 2.15 23
87 26 1945  3736.0-3745.5  B26.0-835.5 9.5 4.70 49
88 26 2105 3745.5-3755.0 B35.5-845.0 9.5 5.98 63
89 26 2225 3755.0-3764.5 B45.0-854.5 9.5 4.63 49
S0 27 0155 3764.5-3774.0 854 5-864.0 9.5 3.20

91 27 0345  3774.0-3783.5  864.0-873.5 9.5 2,10 22
92 27 0540 3783.5-3793.0  873.5-883.0 9.5 5.33 56
23 27 0710 3793.0-3802.5  883.08925 9.5 3.90 41
94 27 0900 3802.5-3812.0  892.5-902.0 9.5 1.28 I3
95 27 1045 3812.0-38215  902.0911.5 9.5 1.70 81
96 27 1200 3821.5-3831.0 911.5921.0 9.5 1.70 18
97 27 1345  3831.0-3840.5  921.0930.5 9.5 1.46 15
98 27 1515 3840.5-3850.0  930.5940.0 9.5 0.00 (1]
99 27 1645 3850.0-3859.5  940.0-949.5 9.5 0.00 0
100 27 1900 3859.5-3869.0  949.5-959.0 9.5 0.00 0
101 7 2345  3878.5-3888.0  968.5978.0 9.5 1.56 6
102 28 (210 38RB.0-3897.5  97R.0-987.5 9.5 0.20 2
103 28 0410  3897.5-3907.0  987.5-997.0 9.5 0.00 1]
104 28 0530 3907.0-3910.0  997.0-1000.0 30 0.00 0
Total 981.0 584.83 60

Ibs with 35 strokes/minute (SPM) at 700 meters
depth. Mud (30 barrels) was first spotted in Hole 397 at
636 meters. At 370 and 587 meters, the heat probe was
run. Coring was continuous throughout except for the
interval from 474.5 to 484 meters.

From 700 to 750 meters, which represents the remain-
ing portion of the hemipelagic strata of lithologic Unit
2, the penetration rate increased slightly.

Below 750 meters, the penetration rate increased
again to an average of about 20 + m/hr. This rate per-
sisted to nearly the bottom of the hole at 1000 meters, a
depth which corresponds approximately to the D,
acoustic reflector. This 250-meter interval represents the
upper half of the allochthonous strata of lithologic Unit

2. Highest penetration rates (averaging nearly 35 m/hr)
occurred in an interval of shale pebble conglomerate
between 820 and 850 meters. Somewhat slower rates
took place in the overlying volcaniclastic sandstones and
underlying fossiliferous turbidite sediments. Penetra-
tion rates varied widely from core to core, reflecting the
heterogeneity of this lithologic unit. Pump pressure was
increased up to 600 lbs just above the top of this unit
and remained high throughout. Fifty barrels of mud
were first spotted in the volcaniclastic sands, and fur-
ther slugs of 50 barrels each were pumped down at
regular intervals. For the last core taken at the bottom
of the hole, the penetration rate decreased dramatically
to 9 m/hr.

Decreasing methane/ethane ratios for the bottom-
most cores necessitated short waits on gas analyses
before drilling was allowed to continue. Also, near total
depth plugging of the bit was experienced and several
times a bit breaker was pumped down to clear it. It was
further believed that the float valve was not functioning
properly. Finally, when it was realized that the bit was
plugged, the decision was made to abandon the hole.
The hole was then partially filled with 160 barrels of
weighted mud which was spotted to 450 meters. Cement
was not pumped down because of the probable plugged
bit. The drill pipe then was pulled out of the hole.

Drilling Operations, Hole 397A

Following a review among all members of the scien-
tific team as to how the remaining objectives of this leg
could best be reached, it was decided to remain at this
site. A 16-kHz beacon was then dropped and a new hole
was offset about 60 meters from the first one. The same
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Figure 3. Lithostratigraphy in relation to penetration rate and other drilling operations at Site 397.
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bottom hole assembly was used as at Hole 397 except
that one less bumper sub was inserted between the two
lowest drill collar intervals. At Hole 397A, it was de-
cided to wash ahead without coring as far as possible
until the previous bottom hole depth had been reached.
This program was interrupted at 450 meters where a
heat-flow measurement was taken. At 717 meters, when
the drill pipe began sticking, the center bit was retrieved
and the core barrel was dropped. Core 1 was then raised
after 53 meters had been drilled (see Table 2). Alternate
coring and drilling took place down to Core 7 at 982
meters, after which the hole was continuously cored.
During the period of intermittent coring and washing,
the heave compensator was hooked up for the first time.
Penetration rate (see Figure 3) in the interval of coring
overlap between the two holes did not differ significant-
ly, which reflects the relatively good condition of the bit
when Hole 397 was terminated.

The penetration rate from 1000 to 1300 meters was
12+ m/hr, with a few high excursions which reflected

TABLE 2
Coring Summary, Hole 397A

Date Depth From Depth Below Length Length

Core (March Drill Floor Sea Floor Cored Recovered Recovery
No.  1976) Time (m) (m) im) (m) %)
12 30 0045  3617.0-3670.0 707.0-760.0 9.5 9.65 102
2b 30 0730 3670.0-3794.0  760.0-884.0 9.5 4.25 45
3 30 1045 3794.0-3825.0  884.0-915.0 9.5 5.13 54
30 1300 3825.0-3845.0  915.0-935.0 9.5 9.75 103
5 30 1515 3B845.0-3873.5 935.0-963.5 9.5 3.34 35
6 30 1740 3873.5-3892.5 963.5-982.5 9.5 3.67 39
7 30 2100  3892.5-3902.0  982.5-992.0 9.5 2.70 28
8 30 2300 3902.0-3911.5 992.0-1001.5 9.5 242 25
9 3 0110° 3911.5-3921.0 1001.5-1011.0 9.5 0.63 7
10 3 0305 3921.0-3930.5 1011.0-1020.5 9.5 5.64 59
11 31 0500  3930.5-3940.0  1020.5-1030.0 95 9.25 97
12 31 0720  3940.0-3949.5  1030.0-1039.5 9.5 4.96 52
13 31 0900  3949.5-3959.0  1039.5-1049.0 9.5 3.80 40
14 3 1050 3959.0-3968.5  1049.0-1058.5 9.5 6.76 71
15 31 1400  3968.5-3978.0 1058.5-1068.0 9.5 9.60 101
16 31 1640 3978.0-3987.5 1068.0-1077.5 9.5 7.81 82
17 31 1900 3987.5-3997.0 1077.5-1087.0 9.5 9.22 97
18 31 2040  3997.04006.5 1087.0-1096.5 9.5 6.89 73
19 31 1220 40065<4016.0 1096.5-1106.0 9.5 292 31
20 April 1 0255 4016.04025.5 1106.0-11155 9.5 5.61 59
21 1 0515 4025540445 1115.5-1134.5 9.5 4.42 47
22¢ 1 0940 4044540635 1134511535 9.5 160 38
23¢ 1 1345 4063.54082.5 1153.5-1172.5 9.5 717 75
24¢ 1 1635 4082541015 1172.5-1191.5 9.5 7.95 84
25¢ 1 1940 4101.54120.5  1191.5-1210.5 9.5 2.89 30
26¢ 1 2230 4120.54139.5  1210.5-1229.5 9.5 1.39 a6
27 2 0030 4139.54149.0 1229.5-1239.0 9.5 2.24 24
28 2 0205 4149.04158.5 1239.0-1248.5 9.5 3.20 34
29 2 0410 4158.54168.0 1248.5-1258.0 9.5 0.75 8
30 2 0615 4168.04177.5 1258.0-1267.5 9.5 392 41
31 2 0740 4177.54187.0 1267.5-1277.0 9.5 3.43 36
12 ) 0935 4187.041965 1277.0-1286.5 9.5 3.25 34
33 2 1140 4196.54206.0 1286.5-1296.0 9.5 1.97 21
34 2 1520 4206.04215.5 1296.0-1305.5 9.5 2.55 27
a5 2 1950 4215.54221.0 1305.5-1311.0 55 5.15 94
36 2 2330  4221.04225.0 1311.0-1315.0 4.0 6.68 167
37 3 0250 4225.0-42345 1315.0-1324.5 9.5 4.59 48
I8 3 0730 4234.54240.5 1324.5-1330.5 6.0 3.03 51
19 3 1315 4244042535 1334.0-13435 9.5 2.20 23
40 3 1810  4253.54263.0 1343.5-1353.0 9.5 344 36
41 3 2250 4263.042725 1353.0-1362.5 9.5 343 i6
42 4 0230 4275.54282.0 1362.5-1372.0 9.5 293 3l
43 4 0625 4282.04291.5 1372.0-1381.5 9.5 325 34
44 4 1020 4291542945 1381.5-1384.5 30 295 98
45 4 1405  4294.54301.0 1384.5-1391.0 6.5 3.60 55
46 4 2005 4301.0-4310.5  1391.0-1400.5 9.5 5.73 60
47 S 0150 4310543200 1400.5-1410.0 95 5.20 55
48 5 0725 4320.0-4329.5 1410.0-1419.5 9.5 257 27
49 5 1345  4329.54339.0 1419.5-1429.0 9.5 2.90 3l
50 6 0345  4339.04348.5 1429.0-1438.5 9.5 6.93 73
51 6 1300 4348.54358.0 1438.5-1448.0 9.5 8.80 93
52 6 1800  4358.04363.0 1448.0-1453.0 5.0 455 91
Total 467.0 242.66 52

"Ileprcsems 53-meter cored interval.
thpruscin:\ 124-meter cored interval.
“Represents | 9-meter penetrated interval (“overdrilling” with one 9.5-m core).
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the varied facies of the remainder of the allochthonous
lithologic Unit 2. Because of this slow rate, six 9.5-meter
intervals were washed down. High pump pressures and
bit weights were used throughout, and mud was spotted
continuously at intervals of 3 to 6 cores. Near a depth of
1300 meters, the heave compensator became passive.

Below 1300 meters to a total depth of 1453 meters, a
significant lithologic change occurred and the penetra-
tion rate (as seen on Figure 3) was reduced dramatically.
Rates were 1.25 to 4 m/hr, with values averaging 2 m/hr
occurring in the lower half of this depth interval. The
lithology responsible for these low rates was a sticky ter-
rigenous Cretaceous shale which was balling up the in-
termediate length inserts of the drill bit. The bit became
stuck several times in spite of pump pressures above
1000 Ibs at 60 spm. At 1439 and 1448 meters, the heat
probe was run down the hole. Following the last run,
two more cores were taken and when it became apparent
that a high sedimentation rate in the Cretaceous shales
was a distinct possibility and that minimal stratigraphic
information could be recovered during lengthy coring
periods. The decision was made to abandon Hole 397A.
Following the last core, the hole inclination was
measured and found to deviate 28 ° from the vertical.
Then, the hole was filled with 310 barrels of 11.4-1b
mud topped with 20 barrels of 12.5-Ib cement. The bit
(which had 109 hours of rotating time) was examined on
deck and, except for a loose bearing, was found to be in
good condition.

A review of the penetration rate record at Site 397
(see Figure 3) shows that, although there were irregular
plateaus and short fluctuations, a nearly straight line
could be drawn through this rate. Indubitably, a re-
entry capability and a long tooth bit would have re-
versed its inexorable decline.

Part of the drilling program at this site was governed
by constraints of the JOIDES Safety Panel as well as by
gaseous hydrocarbon shows.

LITHOSTRATIGRAPHY

Introduction

A 1453-meter-thick section of sediments and
sedimentary rocks on the northwest African continental
rise was continuously cored (156 cores) in Holes 397 and
397A. In general, this section represents a sequence rich
in terrigenous material of which over half represents
allochthonous sediments. Five lithologic units are de-
fined; they are listed in Table 3 and in a large fold-out
diagram (see Sediment Summary Chart in the back
pocket of this volume), which presents corresponding
smear-slide data, carbonate results, and other pertinent
information (coarse-fraction data, clay-mineral
analyses, etc.).

Description of Lithostratigraphic Units
Unit 1
Age: Early Pliocene-Quaternary.

Major sediment types: Siliceous marl, nannofossil
oozes, and marly oozes in the upper portion (Quater-
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TABLE 3
Lithologic Unit Summary, Holes 397 and 397A

Sub-Bottom Depth (m)

Thickness (m) Core Number

Time-Rock

Unit Dominant Lithology 397 397A Total 397 397A Total 397 397A Unit
1 Marly nannofossil ooze 0-313.0 - 0-313.0 313.0 - 313.0 | 1t0 33 - Quaternary-
early Pliocene
A Siliceous marly nannofossil 0-142.0 — - 142.0 - 142.0 | 1to 16 - Quaternary
ooze; marly nannofossil ooze (base 15)
B Slightly siliceous marly nan- 142.0-313.0 171.0 - 171.0 | 16 to 33 - Pliocene
nofossil ooze; marly nanno- (base 32)
fossil ooze; marly ooze
2 Marly nannofossil ooze/chalk | 313.0-544.8 - 313.0-544.8 | 231.8 - 2318 | 33to Earliest Pliocene-
57-3,80 cm latest Miocene
3 Marl chalk/limestone; marly | 544.8-752.2 707.0-760.0 544.8-752.2 | 2074 53.0 2074 | 57-3,80cm 1 Middle-late
nannofossil chalk/limestone to Miocene
79-2, 70 ¢m
4 Pebbly mudstone; volcani- 752.2-1000.0 760.0-1296.7 752.2-1296.7 | 247.8 536.7 5445 79-2,70cm 2to Middle-carly

clastic sandstone and conglo-
merate; sandy pebbly mud-
stone; conglomerate; marly
limestone

5 Quartzose silty claystone and

claystone with thin siderite
layers

1296.7-1453.0  1296.7-1453.0

to 34-1, 70 em | Miocene with
104 (base) reworked Oligocene

156.3 156.3 - 34-1, 70 cm | Early
52 (base) Cretaceous

(late Hauterivian)

nary); slightly siliceous marly nannofossil oozes and
marly chalks in the lower (Pliocene) portion.

Minor sediment types: Nannofossil oozes, foraminif-
eral nannofossil oozes, marly foraminiferal nannofossil
oozes, diatom foraminiferal nannofossil oozes, siliceous
nannofossil oozes.

Two sub-units: 1A, predominantly siliceous marly
ooze; and 1B, predominantly marly nannofossil ooze/-
chalk.

Sub-bottom depth and core boundaries: Unit 1:
0-313.0 meters, DSDP Cores 397-1 to 397-33; Sub-unit
1A: 0 to 136.0 meters, Cores 397-1 to 397-15-3; Sub-
unit 1B: 136 to 313.0 meters (165-m interval), Cores
397-15-3 to 397-33.

Color: Light gray and olive-gray; no color change
between sub-units; minor light brown and white inter-
vals.

Carbonate content: 57 per cent average, highly
variable throughout unit (25 to 90%); no distinct change
in content between sub-units.

Texture: Minor sand-size components (foraminifers
and quartz); about one-third silt-sized components and
two-thirds clay-sized material.

Organic carbon: About 0.5 per cent average, varies
between about 0.3 and 1.2 per cent; strong H.S smell
and gas expansion cracks in some recovered sediments.

Allochthonous intervals: None are apparent;
possibly, indistinct turbid layers in Cores 397-22 and
397-23 (Diester-Haass, this volume).

Sedimentary structures: Bioturbation structures;
vague bedding in Sub-unit 1A noticeable by slight color
changes.

Sedimentary components: Predominantly calcareous
nannoplankton and clay minerals, with significant
siliceous organisms (Sub-unit 1A), foraminifers, and
quartz components. Pyrite is abundant, either as bur-
row fillings or disseminated in sediments, where gas
cracks occur or where there was a strong H,S smell.
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Volcanic material is minor, but persistent (Sub-unit 1A)
and disseminated within oozes, partly as distinct ash
layers (Schmincke and von Rad, this volume). Minor
components are mollusk and ostracode shells, and
dolomite.

Basis for unit/sub-unit definition: Lithostratigraphic
Unit 1 is defined primarily on the basis of a persistent
siliceous biogenic component, and upon a higher or-
ganic carbon content than in Unit 2, a fairly constant
sand-silt-clay content (which reflects the general absence
of allochthonous material) as compared with other
lithologic units, a distinctive coarse-fraction assemblage
(see Sarnthein in Arthur et al., this volume; and Sedi-
ment Summary Chart 1, in back pocket), and a variable
clay-mineral content (see Chamley and d’Argoud, this
volume). Sub-unit 1A is discernible from Sub-unit 1B
because the upper sub-unit has a more variable content
of quartz, calcareous nannofossils, and siliceous or-
ganisms, with a somewhat higher organic carbon con-
tent, and a significant variability in calcium carbonate
content. Clay minerals are not as variable in Sub-unit
1A as in Sub-unit 1B (Chamley and d’Argoud, this
volume); there is a distinctive change in coarse-fraction
constituents between the two sub-units (see Sarnthein in
Arthur et al., this volume); textural parameters are not
noticeably different between 1A and 1B (see also Cita
and Spezzibottiani, this volume).

Unit 2

Age: Late Miocene earliest Pliocene.

Major sediment type: Marly nannofossil ooze/chalk.

Minor sediment types: Marly foraminiferal nan-
nofossil ooze-chalk, zeolitized volcanic ash layers, for-
aminiferal silt, and sand.

Sub-bottom depth and core boundaries: 313.0 to
544.8 meters (231.8-m interval), Core 397-33 to Sample
397-57-3, 80 cm.



Color: Light gray; minor green-gray, gray, and olive-
green intervals.

Carbonate content: 55 per cent average; content is
variable but less so than in Unit 1. Between Cores
397-51 and 397-52, there is a distinct decline in CaCO;
content.

Texture: Minor sand-size component, silt- and clay-
sized detritus in approximately the same proportions as
in Unit 1; higher sand and/or silt contents do occur and
represent either altered volcanic ash layers or sand-silt
laminae.

Organic carbon: <5 per cent average values, notice-
ably lower than in Unit 1; rarely, cracks due to gas re-
lease.

Allochthonous intervals: Present as a few sand or silt
laminae; coarse-fraction data (Sarnthein in Arthur et al.
and Sediment Summary Chart, this volume) suggest
some displaced biogenic material (serpulids).

Sedimentary structures: Numerous burrows, par-
ticularly in the lower portions of this unit; thin sand-silt
laminae show no visually detectable internal structures.

Sedimentary components: Predominantly calcareous
nannoplankton and clay minerals, with significant
amounts of foraminifers (these form some of the
laminae). Three altered volcanic ash layers are identified
on the basis of distinct layers containing some glass
shards and high amounts of zeolites (mostly phillipsite;
see Riech, this volume). Volcanic particles are dissem-
inated in sediments near the upper, middle, and lower
portions of the unit. Pyrite ubiquitously occurs in low
amounts. Minor components are quartz, siliceous
organisms, and dolomite rhombs.

Basis for unit definition: The upper boundary of
Unit 2 is the level at which siliceous organisms become
rare; the lower boundary (with lithostratigraphic Unit 3)
is delineated by contact with slump deposit. Generally,
this unit is distinguished from Unit 1 by less variability
in clay mineral content (with the exception of changes
due to volcanic ash layers), lower amount of biosili-
ceous material, less variability in calcareous nanno-
plankton content (with the exception of lower amounts
in some of the sand-silt layers), and on the basis of
distinct differences in coarse-fraction components.

Unit 3

Age: Middle to late Miocene.

Major sediment types: Marly chalk/limestone,
nannofossil marl, chalk/limestone, mudstone.

Minor sediment types: Marly foraminiferal nanno-
fossil chalk, sandy marly foraminiferal nannofossil
chalk, nannofossil mudstone, calcareous mudstone,
sandy calcareous mudstone, glauconitic sandy mud,
pyritic foraminiferal quartz sand, calcareous quartz
sand, calcareous quartz-rich sandy mud, quartz-rich
foraminiferal sand, calcareous siltstone, calcareous
sandstone, quartz sandstone, nannofossil limestone,
marly nannofossil limestone, nannofossil foraminiferal
limestone, foraminiferal nannofossil limestone, calcite-
cemented volcaniclastic quartz sandstone, volcanic ash.

Sub-bottom depth and core boundaries: 544.8 to
752.2 meters (207.4-m interval), Samples 397-57-3, 80
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c¢m to 397-79-2, 70 cm. (Hole 397A: recovery of this unit
in Core 397A-1 represents a disturbed section and has
not been used for delineating sub-bottom depth range or
thickness of unit.)

Color: Highly variable grays, browns, greens, but
predominantly light gray.

Carbonate content: 50 per cent average, but highly
variable (20 to 85%).

Texture: Highly variable; large fluctuations in sand
and silt content correspond to numerous sand and silt
layers.

Organic carbon: <0.5 per cent average, with little
variability; similar values and trends as noted in lith-
ologic Unit 2.

Allochthonous intervals: Approximately half of this
unit is represented by slumps and numerous laminae of
sandy and silty sediments. Twenty-six distinct zones of
slumping occur, most of which are in the upper two-
thirds of this unit and apparently were derived from
very nearby. Sand and silt laminae are concentrated
near the lower third of the unit. There seems to be a
distinct increase in the number of slumping zones
towards the Units 3/4 boundary (Arthur et al.; Arthur
and von Rad, both, this volume). Allochthonous zones
are separated by mudstones in the upper portion of Unit
3, and by marly nannofossil chalks and nannofossil
chalks (frequently with worm burrows) in the lower por-
tion of this unit. Over 60 individual sand/silt laminae
are present, which have irregular contacts with sur-
rounding sediment. Infrequently, sand layers incor-
porate clasts of marly chalks.

Sedimentary structures: Soft-sediment deformational
structures in slumps include convolute bedding, slump
overfolds, hook-shaped and roll-up structures, micro-
faults, rip-up clasts, deformed clasts, pull-apart struc-
tures, and numerous other types of folds (such as re-
cumbant, isoclinal, overturned, symmetrical, and asym-
metrical). Approximately one-third of the sand-silt
layers show textural grading; some thin sand layers are
disrupted and not horizontally continuous. The basal
portion of this lithologic unit is a chaotic mass of
deformed sediment clasts, a precursor to the thick sec-
tion of debris flows in Unit 4.

Sedimentary components: In hemipelagic sediments,
there is a predominance of calcareous nannoplankton,
foraminifers, clay, and quartz (which increases marked-
ly down-section). Locally high concentrations of vol-
canic ash occur, associated with the seven volcanic ash
layers identified in this unit, zeolites, and unidentified
fine-grained carbonate detritus (which becomes more
pronounced down-section along with quartz, particular-
ly near the lower boundary of the unit). Displaced
shallow-water skeletal debris, pyrite, feldspar, glauco-
nite, heavy minerals, dolomite, and siliceous organisms
are present, but in low quantities.

Basis for unit definition: The upper boundary of
lithologic Unit 3 is the top of the uppermost zone of
slumping; the lower boundary is at the base of the
mudstone unit, near the middle Miocene unconformity
and immediately above volcaniclastic sandstone. The
zones of slump deposits are the outstanding character-
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istic of this unit, with corresponding variability in vir-
tually all textural, biogenic, and mineralogical com-
ponents. Clay mineral composition is, however, not as
variable as in Units 1 and 2 (Chamley and d’Argoud,
this volume); also, coarse-fraction constituents do not
differ significantly from those in the lower portion of
Unit 2.

Unit 4

Age: Middle/early Miocene with reworked late
Oligocene within allochthonous material (in Cores
397A-17 to 397A-21, and Core 397A-24 to Sample
397A-34-1, 70 cm).

Major sediment types: Pebbly mudstone, sandy peb-
bly mudstone, conglomerate, volcaniclastic sandstone,
volcaniclastic conglomerate, sandstone.

Minor sediment types: Limestone, muddy limestone,
marly limestone, silty marly limestone, marly foramini-
feral limestone, marly nannofossil limestone, quartz-
rich marly limestone, marly dolomite, dolomitic
mudstone, quartz mudstone, sandy mudstone, sandy
quartz mudstone, calcareous quartz-rich mudstone,
calcareous sandy mudstone, calcareous quartz-rich
sandy mudstone, calcareous silicified mudstone, volcan-
iclastic mudstone, sandy silt, siltstone, marly siltstone,
silty clay, claystone, calcareous sandstone, marly
quartz-rich foraminiferal sandstone, palagonite tuff,
volcanic ash (many of these represent matrix material
within pebbly mudstones and conglomerates); clasts
within allochthonous intervals may be any of the above,
as well as silicified mudstone, marly nannofossil chalk,
porcellanite, polygranular quartz, and pumice.

Sub-units: Although there are no formal sub-units,
the four thick volcaniclastic sequences in the upper por-
tion of Unit 4 have been designated as V,, V,, Vi, and
V. (top to bottom; see also Schmincke and von Rad, this
volume).

Sub-bottom depth and core boundaries: Hole 397:
752.2 to 1000.0 meters ( 247.8-m interval), Samples
397-79-2, 70 cm to 397-104, CC. Hole 397A: 760.0 to
1296.7 meters (536.7-m interval), Core 397A-2 to Sam-
ple 397A-34-1, 70 cm. Total: 752-2 to 1296.7 meters
(544.5-m interval). Correlations between 397 and 397A
for total sub-bottom depth range and thickness of unit
are discussed below.

Color: Various shades of dark and light grays with
black and olive-green (matrix in pebbly mudstones, cal-
careous mudstones, calcareous sandstones, volcani-
clastic sandstones and conglomerates, and limestones),
also dark green-brown and dark brown (mudstones) and
some white (calcareous sandstones); clasts within mud-
stones and conglomerates are similar in color.

Carbonate content: About 20 per cent average,
generally decreasing in value (from about 50% in this
unit’s upper 100 m, to 15% at the base of Unit 4); varia-
tion is between 60 and 4 per cent.

Texture: Highly variable; fluctuations in sand and
silt content result from poorly sorted matrix material in
conglomerates and pebbly mudstones, as well as nu-
merous sand and silt layers.

28

Organic carbon: Highly variable (0.3 to 3.5%) due to
allochthonous material within thin lithologic units.

Allochthonous intervals: Almost the entire portion
of this unit represents displaced sediments in the form
of thick chaotic debris-flow deposits or thin sand and
silt layers (see Arthur and von Rad, this volume). Ap-
proximately 50 thin autochthonous intervals of mud-
stones or marly limestones separate allochthonous por-
tions. These intervals often contain worm burrows or
other bioturbation structures that usually have not been
distorted by soft-sediment movement. About eighty in-
dividual sand or silt layers are also present, particularly
in the lower-middle portion. The pebbly mudstones ex-
hibit many sedimentary features (see ‘‘Sedimentary
structures,”” below) associated with mass-wasting of a
thick sediment pile where a mud matrix has produced
either soft-sediment deformational structures or, where
more resistant sedimentary pebbles (such as polygranu-
lar quartz or porcellanite) are involved, textures sug-
gestive of slow movement with trails of finer debris in
their lee. Some episodes of slumping may have become
more fluid or detached to produce the graded sand-silt
laminae. The numerous intercalated mudstones are
marly limestones could mark sole plates or shear zones
of downslope movement or intervening zones of (hemi)
pelagic sedimentation. Coarse-fraction data (Sarnthein
in Arthur et al., this volume; Diester-Haass, this
volume) suggest a derivation of some of the sedimentary
components (see ‘‘Sedimentary components,”” below)
within slumps from shallow water depths.

Sedimentary structures: Volcaniclastic sandstones
occur in three sequences in Unit 4 of Site 397. The up-
permost sandstone (V,) is texturally graded near its base
with particle sizes varying from pebbles several ¢cm in
diameter to silt-sized particles. Volcaniclastic sandstone
V, is represented by only two large fragments in Core
397-81.The lowermost sandstone (V,) is a sequence of
the following three intervals cited from top to bottom:
(1) a black volcaniclastic layer with numerous 1-mm-
thick white laminae, four indistinct (I-cm-thick) zones
of coarser particles, and a graded basal portion; (2) an
intermediate marly nannofossil limestone with burrows
overlying a calcareous mudstone (which contains nu-
merous thin darker laminae); and (3) a basal volcan-
iclastic sandstone also with some fine horizontal veinlets
of carbonate near its upper contact and a graded basal
unit. Between the two lower intervals within V,, a thin
zone of mudstone clasts (Section 397-85-1) defines a dis-
turbed contact between sedimentation pulses where vol-
caniclastic sandstones have been injected in each other,
possibly disrupting a thin mudstone layer to form clasts.
V., is a 20 to 30 meter thick mixed sedimentary-volcani-
clastic sandstone in Cores 397A-6 and -7 (hyaloclastite;
see Arthur and von Rad, this volume).

Calcareous sandstones often occur with deformed
mudstone clasts. Frequently, some textural grading is
apparent, particularly near the lower contacts; upper
portions may contain burrows. One sandstone interbed-
ded between volcaniclastic sequences V, and V; contains
sediment clasts concentrated in at least five distinct



zones. One of these zones (Sections 2 and 3 of Core
397-80) appears to be a mudstone-claystone layer that
has been disrupted and pulled apart by downslope
movement.

Mudstones, pebbly mudstones, and conglomerates in
Unit 4 are typical of deformational structures associated
with the episodic mass wasting of a thick sediment pile
where soft-sediment deformation has progressed be-
yond the type of folded structures noted in lithologic
Unit 3. Movement has deformed these structures and
clasts into an almost migmatitic texture; where more
resistant clasts (such as quartzites) are present, these tex-
tures either appear to flow around them or are broken
behind the clasts forming tails and streaks of finer soft-
sediment material. Sedimentary clasts are often so de-
formed that it is difficult to distinguish them from the
matrix, particularly towards the lower central portion of
this unit (Cores 397A-15 to 397A-25). Interbedded mud-
stones often have rip-up clasts from surrounding
sediments, smaller clasts where orientation suggests
cross-bedding, or concentrations of smaller clasts that
form a graded texture. A mudstone layer (Sections
397-80-3 and 397A-2-3) includes lenticular mudstone
and claystone clasts producing a boudinage or pull-apart
structure surrounded by a claystone matrix with a flow-
binding texture; this structural feature is important in
correlating cores from Holes 397 and 397A (see below).
Of the 80 sand and silt layers in this unit, 32 are textural-
ly graded (a few inversely graded) and are more prev-
alent immediately above pebbly mudstone sections
whose clasts have been intensively deformed by plastic
flowage. Within the uppermost part of lithologic Unit 4
(Section 397A-2-2), an 8-cm-thick layer of black and
white cross-bedded sands (‘‘climbing ripple”’ type) sug-
gests vigorous current activity. The black sand layers are
reworked volcanic material containing glass shards,
while the base of this sand layer and the upper contact
with a mudstone has dish structures suggesting dewater-
ing. Non-graded layers are predominantly below or
somewhat above those areas, where clasts within pebbly
mudstones have been intensively deformed and could
represent either thinner slump deposits of coarser detri-
tus or current-winnowed deposits.

Dolomites and limestones often contain numerous
thin laminae but rarely bioturbation structures; excep-
tions are the thick marly limestone beds underlying
volcaniclastic sandstone V;, which is extensively biotur-
bated. Infrequently, dolomites and limestones form
laminae within mudstone sequences. Stratigraphic dips
of 25° occur in the marly limestone underlying the
lowermost volcaniclastic sandstone (V;); between Core
397A-10 and the base of this unit, average dips are
about 20° and vary between 5° and 40°,

Sedimentary components: Because of allochthonous
intervals in Unit 4, sedimentary components are highly
variable. Smear-slide analyses reveal that nannofossil
components are significantly less than in the overlying
lithostratigraphic Units 1 through 3; average foramini-
feral amounts are slightly less than in Unit 3, and similar
to amounts in Units 1 and 2. Siliceous organisms are
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rare, although poorly preserved and recrystallized
diatoms and radiolarians are present in significant
quantities within the lower portion of Unit 4 in coarse-
fraction separations (Sarnthein; Diester-Haass; and
Riech; all, this volume). Quartz content is also variable,
but is generally higher than in the upper three lithologic
units; quartz grains are subangular to rounded. Coarse-
fraction data indicate higher proportions of both
stained quartz grains throughout this unit (as also noted
for Unit 3) and of frosted quartz in the upper half of
this unit. Clay content averages are higher than in
preceding lithologic units, but also fluctuate greatly.
Zeolites are present in minor quantities, not only as
phillipsite within or near volcanic ashes, volcaniclastic
sequences, or sediments containing volcanic detritus,
but also in the pores of nonvolcanic sediments (mainly
clinoptilolite; see Riech, this volume). Dolomite is pres-
ent, particularly in association with calcareous hemi-
pelagic layers or within the matrix of pebbly mudstones
and conglomerates. Unidentified fine-grained carbonate
particles are variable but considerably higher than in
lithologic Units 1 through 5. Within the pebbly mud-
stones and conglomerates, calcareous shell debris is
present (bivalves, bryozoans, barnacles, calcareous
algae, serpulids, ooids, decapods, etc.), indicating
transport from shallow-water areas. Clay-mineral com-
position is distinctively characteristic (Chamley and
d’Argoud, this volume), consisting predominantly of
smectites.

Basis for unit definition: The upper boundary is
delineated by upper contact of volcaniclastic sandstone
(V,) which directly overlies and is in direct contact with
the first occurrence of the thick conglomerate-pebbly
mudstone sequence. It should be noted that thin sand-
stones and pebbly mudstones with a few per cent of
volcaniclastic material and with plastically deformed
clasts of mudstone and limestone are present in the
lower portion of lithologic Unit 3 (Schmincke and von
Rad, this volume). The lower boundary for Unit 4 has
been placed at the unconformity separating lower
Miocene debris-flow deposits from the Lower Cre-
taceous mudstone/dolomite deposits. Lithologic Unit 4
is characterized by the preponderance of allochthonous
debris-flow deposits (conglomerates and pebbly
mudstone) with distinctive variations in all sedimentary
components, high organic carbon content, and clay-
mineral assemblage, as well as an upper section of
volcaniclastic material.

Correlation between Holes 397 and 397A: Correla-
tion of physical stratigraphic relationships is made dif-
ficult by poor recovery in Cores 81 to 83 in Hole 397
(generally, also from Core 90 to 104), as well as coring
over longer intervals in the uppermost six cores of Hole
397A. Therefore, comparisons have been based upon
overall relationships of distinctive thin interval of
claystone containing lenticular mudstone clasts; this
distinctive claystone interval occurs at about a 760-
meter sub-bottom depth at both sites. We found op-
timal correlation between Core 397-70/80 and Core
397A-2.
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Unit 5

Age: Early Cretaceous (late Hauterivian).

Major sediment types: Quartzose silty claystone,
claystone, numerous thin (less than 1 cm) siderite layers.

Minor sediment types: Quartz claystone, calcareous
mudstone, nanno marlstone (Cores 397A-46 and -47),
thin layers of silt to very fine sandstone.

Sub-bottom depth and core boundaries: 1296.7 to
1453.0 meters (156.3-m interval), Samples 397A-34-1,
70 cm to 397A-52, CC,

Color: Gray, predominantly medium dark gray and
olive-gray but also light gray, brown gray, greenish
gray, black, and gray-brown; siderite layers are
yellowish gray.

Carbonate content: 5 to 10 per cent average, with 1 to
45 per cent variation.

Texture: Variable, higher sand and silt content in thin
sandy silt laminae; overall sand-silt variations reflect
alternations of siderite layers and host mudstones and
claystones.

Organic carbon: About 5 per cent average, with little
variability.

Allochthonous intervals: Slumps and associated tex-
tures are present only in Cores 397A-39 and 397A-50 to
397-52. Scattered sandy silt layers (with one texturally
graded) indicate allochthonous intervals. Other evi-
dence suggestive of displaced portions are sediment
clasts (marly limestone in Section 397A-38-1, as well as
siderite in Section 397A-46-1 which looks like a graded
sequence within a thin siderite layer); a calcareous
mudstone (Sample 397A-39, CC) containing pelecypod
shell fragments (also an ammonite); and a piece of wood
debris found in Sample 397A-49-2, 53 cm (plant debris
is an ubiquitous component throughout lithologic Unit
5, as determined by coarse fraction and smear slide
analyses).

Sedimentary structures: Most outstanding in this se-
quence of gray mudstone and claystone are numer-
ous thin layers (<1 cm thickness) siderite (identified as
dolomite in smear-slide descriptions). Each of these
siderite layers has sharp upper and lower contacts with
the host mudstones. At least 265 such layers were iden-
tified, excluding those in Core 397A-50 where individual
layers were not discernible due to severe deformation.
Four sand-silt layers are present in Core 397A-39,
one of which appears to be texturally graded. Silty mud-
stones and claystones in two cores (397A-39 and 397A-
46) have small-scale cross-bedding structures. In
Hole 397A, Cores 40 to 43 and 45 to 49 display a
prevalence of yellowish brown, very thin laminae (0.25
to 0.50 cm thick) in varved-like sequences. These
laminae are alternatingly clay-rich and silt-rich. Within
a 12-cm-thick mudstone interval in Core 397A-47, nine
such varve couplets were counted. Siltier varves have
small Helminthoid burrows which do not disrupt the
finely laminated texture. Generally, burrows and
bioturbation structures occur in the lower portion of
lithologic Unit 5 (Cores 47, 48, and 51 in Hole 397A),
although they are also present within shorter sequences
elsewhere (e.g., Cores 37 and 41 in Hole 397A).
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Towards the base of the unit, slump features in the
forms of folds, faults, boudinage type structures, etc.,
and flow structures have obliterated any original
sedimentary structures including individual siderite
layers. Stratigraphic dips were between 10° and 30°,
averaging about 20°. For a detailed description and
discussion of lithostratigraphic Unit 5 see Einsele and
von Rad (this volume).

Sedimentary components: Mudstones and claystones
are distinctively high in silt-sized quartz (up to 55%)
and in their clay-mineral content variation (up to 95%);
they share a characteristic assemblage of illite, chlorite,
and kaolinite (Chamley and d’Argoud, this volume).
Calcareous components generally form 10 per cent or
less of sediment, with nannofossils locally higher in
abundance within some mudstones and in marly
limestones. Feldspar, pyrite, fish remains, and plant
debris ubiquitously occur in trace amounts. Pelecypod
shell fragments occur in a calcareous mudstone (Core
397A-39) and in a siderite layer (Core 397A-51). Am-
monites are present with these shell fragments in Core
397A-39 and in a mudstone in Core 397A-46. Sediment
clasts are rare; one of sapropelic mudstone is present in
Core 397A-47. The coarse fraction includes fish re-
mains, plant fibers, clastic grains, and pyrite. Siderite
layers contain low amounts of quartz, fish debris, clay,
pyrite, magnetite, and calcareous material.

Basis for unit definition: The pronounced change in
lithology from lower Miocene pebbly mudstones to
lower Cretaceous (upper Hauterivian) mudstones with
thin siderite layers, marks an unconformity and the
upper boundary of lithologic Unit 5. All material re-
covered at Hole 397A from below this unconformity to
where drilling was terminated is part of this lithologic
unit.

Summary of Coarse-Fraction Results

A semiquantitative estimate was made of the abun-
dance of particle groups coarser than 63 um (other than
foraminifers) in washed core-catcher samples from Site
397 (Sediment Summary Chart 1, see back pocket, this
volume; data from Sarnthein; see also Arthur et al., this
volume). A quantitative coarse fraction analysis (>40
pm) has been conducted for samples from Cores 1 to
56 of Hole 397 (Diester-Haass, this volume).

The components distinguished are volcanic grains
(glass shards, pumice); ooids; terrigenous sand (un-
stained, stained, frosted, and unfrosted quartz; mica;
feldspar) and glauconite grains; and displaced shells
from shallow water including mollusks and serpulids,
sponge spicules, radiolarians, diatoms, fish remains,
ostracodes, echinoderms, plant fibers, pyrite, and limo-
nite particles. Planktonic foraminifers, benthic fora-
minifers, and phosphorite grains were also counted dur-
ing the quantitative investigation.

Lithostratigraphic Units 1 and 2
(upper Miocene to Quaternary)

Variations in the composition of the coarse frac-
tion can be attributed to the influence of the following
processes: upwelling, terrigenous sediment input, shal-



low water sediment supply, CaCO; dissolution, and vol-
canism. The influence of upwelling with its increased
fertility in the surface waters in apparent from these
units (diatoms, radiolarians, sponges), as well as in-
creased benthos (plankton/benthos ratios of foramin-
ifers and an increase in echinoderms and ostracode
percentages). Opal is present in Cores 397-1 to 397-26,
with higher values in Cores 397-1 to 15 (= Quaternary).
Highest opal contents occur in periods with highest ter-
rigenous input and correspond to highest amounts of
the various benthic organisms. Pyrite values are lower in
the Quaternary sequence (with pronounced upwelling
influence) than in the Pliocene less-fertile sequence (ex-
cept for the core-catcher samples from Cores 397-4 to
397-7). Percentages of fish debris do not show a direct
correspondence to opal amounts, but are generally
higher in Cores 397-1 to 397-7 than in the interval
below.

The terrigenous sediment input in the > 40 um frac-
tion consists mainly of mica, feldspar, and quartz
(stained and unstained). In the upper Miocene, there are
strong variations between samples with high terrigenous
input (>40 pm), corresponding to lower amounts of
reddish stained quartz and samples with low terrigenous
input having correspondingly higher amounts of red-
stained quartz. The lower Pliocene sediments (Cores
397-29 to 397-43) have a consistently low terrigenous
fraction (>40 pm) and higher amounts of stained
quartz in Cores 397-29 to 397-32. The upper Pliocene
and lower Quaternary sediments of Cores 397-28 to
397-11 show slight variations in terrigenous proportions
and frequently stained-quartz fractions (exceptions are
Samples 397-21-23, 80 cm and 397-19-3, 60 cm, as
discussed below). In Cores 397-10 to 397-1, the range of
the oscillations becomes significantly more pronounced.
There is disagreement (see Sarnthein in Arthur et al.,
Diester-Haass; both, this volume) as to whether in-
creased input of terrigenous sediment and the presence
of red-stained desert quartz is related to either humid or
arid climate in northwestern Africa. Coarse silt and
fine-sand grain sizes are characteristic of lowland rivers,
as well as for wind dust proximal to its source. Stained
quartz is characteristic of lateritic weathering, but is
also found in the dust load of subtropical latitudes (for
details of discussion see Lutze et al., Arthur et al.,
Diester-Haass; all, this volume). Additional coarse ter-
rigenous sediment is supplied by downslope particle-by-
particle transport from the shelf controlled by changes
in sea level and changes in swell. Sarnthein (in Lutze et
al., this volume) favors stained quartz as an indicator of
river load or dust load from a lateritic-weathering ter-
rain, while Diester-Haass (this volume) sees this as an
indicator of eolian input from an arid desert environ-
ment. Diester-Haass also considers the significance of
higher opal values, as well as pointing out the relation-
ship between heavier 6'*O intervals (shown by Shackle-
ton and Cita, this volume; glacial or cooling events) and
periods of higher terrigenous input.

Shallow-water sediment supply is indicated by the
presence of glauconite, corroded shallow-water shell
material (‘“‘relict material’’), and serpulids, and by
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highly increased benthic/planktonic foraminifers ratios
(normally 1 to 8, increasing to 25). In the quaternary, an
increase in shallow-water particles corresponds to
glacial stages and is probably due to lowered sea level,
enhancing the supply of shallow-water particles to the
slope. In the Pliocene, there are several samples in-
dicating a minor shallow-water (?particle-by-particle)
supply. In Samples 397-21-6, 80 cm, 397-22-5, 80 cm,
and 397-23-3, 80 cm, there is an increased input of
shallow-water particles, possibly caused by turbid layer
transport. Also, the late Miocene higher input of ben-
thic foraminifers, glauconite, and serpulids is generally
correlated to the cold-climatic phases (Shackleton and
Cita, this volume).

Calcium carbonate dissolution has been studied by
means of comparing the amount of fragmented tests
relative to whole tests of planktonic foraminifers (plot-
ted from Core 397-36 downward in the Sediment Sum-
mary Chart 1, back pocket, this volume). Highest
fragmentation (up to 75%) is found in the upper
Miocene (Core 397-52 and Cores 397-54 to 397-56). It
decreases in Core 397-35 and is rather constant in Cores
397-34 to 397-26 (30 to 50%). In Cores 397-1 to 397-26,
several cycles of fragmentation can be observed with
minima of about 30 per cent and maxima of about 55
per cent. From Cores 397-15 to 397-1 the cycles show
decreasing maxima and minima, the lowest fragmenta-
tion values being about 20 per cent, comparable to those
of upper Quaternary sediments from the same region.

The influence of volcanism is reflected in the
sediments by dispersed pumice and glass shards. In the
upper Miocene and Pliocene, there are generally low
values of about 1 to 10 per cent in the fractions >40 um,
except for Core 397-56. The rather constant upper
Miocene/Pliocene percentages of dispersed volcanic
particles are not correlatable to any major volcanic
phase in the Canary Islands and are interpreted as grain-
by-grain supply from the Canary Island shelf. Several
layers with peak abundances of volcanic material (up to
40% for >40 pum fractions) occur in Cores 13 to 16, 10,
5to 7, and 2 to 3 in Hole 397, perhaps indicating deposi-
tion by eolian ash falls from eruptions on the Canary
Islands (see Schmincke and von Rad, this volume).

Lithostratigraphic Units 3 and 4
(lower to lower/upper Miocene)

A semiquantitative coarse-fraction study was con-
ducted for both the allochthonous and the hemipe-
lagic autochthonous sediment portions. Coarse-fraction
analyses suggest the following controlling processes:
volcanism, significant shallow-water sediment input,
terrigenous sediment supply, upwelling enrichment, and
CaCO; dissolution.

Volcanic glass shards and pumice reflect the early
Canary volcanism, starting from Core 397-96 with an
early precursor in Core 397A-8 (see Sediment Summary
Chart 1, back pocket, this volume). Maxima (90% of
coarse fraction) are reached in the giant volcaniclastic
grain flows of Cores 89, 86 to 84, and 79 to 80 in Hole
397. Evidence of volcanism (mainly ash layers) contin-
ues to Core 397-57. Common euhedral feldspar grains
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(albite?) probably indicate continual reworking of vol-
canic deposits, particularly in Cores 397-71 to 397-38,
during the late-middle and early-late Miocene (Arthur et
al.; Lopatin; both, this volume).

A significant shallow-water sediment input occurs
throughout Units 3 and 4. The main indicative com-
ponents are coarse-shelled fragments of calcareous
algae, shallow-water foraminifers, corals, bryozoans,
barnacles, decapods, serpulids, mollusks, and phos-
phorite, carbonate ooids, and glauconite. Their maxi-
mum abundance occurs rather suddenly and parallels
that of the Canary volcanic sediment supply in Cores
397-97 and 397A-4 through Core 397-89. A second nar-
row maximum lies in Cores 397-74 to 397-72 straddling
the middle Miocene hiatus. The shallow-water compo-
nents are dominated by mollusks and barnacles and on-
ly few solitary corals, and resemble a warm-temperature
shallow-water environment (model of Lees,1975) in ear-
ly Miocene which was equal to or only slightly warmer
than the present warm stage (Sarnthein, in Arthur et al.,
this volume).

Terrigenous sediments form a large fraction in the
whole section of Units 3 and 4, and are intercalated only
with thin intervals of hemipelagic sediments with
predominating plankton particles. Phases of wet land
climate are inferred from abundant plant fibers and oc-
casional mica in lower Miocene Cores 397A-23 to
397A-16 and 397A-6 to 397-91. Coarse frosted-quartz
grains might serve as an indicator of dune formation
and more arid climate phases which is represented in the
lower and middle Miocene (Hole 397A: Cores 5 to 85,
83, 72, and 73). Stained-quartz persists throughout
Units 3 and 4.

An early Miocene phase of upwelling and increased
fertility is reflected by abundant radiolarians and some
diatoms in Cores 397A-30 to 397A-10. The Miocene oc-
currence resembles that of the Pleistocene, and pyrite
content increases during many of the siliceous pulses.
Fish remains are less common in Unit 3 and almost ab-
sent in Unit 4. The occurrence of fecal pellets is limited
to Cores 397-72 and 397-77 as well as to Cores 397-57 to
397-61, a slumped mass which can be related to the same
time-rock interval as Cores 397-72 and 397-73. This
might be interpreted as a special high-fertility phase
straddling the middle-upper Miocene hiatus.

Calcium carbonate dissolution, as indicated by the
fragmentation of planktonic foraminifers, reaches a
maximum in upper Unit 3 and continuously decreases to
the middle of Unit 4 (i.e., middle-lower Miocene) where
good preservation is found.

Lithostratigraphic Unit 5 (upper Hauterivian)

A deltaic or prodeltaic environment of deposition is
clearly inferred from abundant fine-grained unstained-
quartz, mica, and plant debris in the fine-sand fraction.
The abundance of fish remains and echinoderm parts
might point to enhanced fertility in the deltaic region.
Siderite rhombs are enriched in single sediment laminae
partly showing some textural gradation. Aragonitic
nacreous shells of gastropods and ammonites indicate
optimum conditions of CaCQO; preservation.
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Summary of X-Ray Diffraction Results
(clay minerals and authigenic silicates)

The clay mineral associations of all five lithostragi-
graphic units generally indicate a detrital origin
(Chamley and d’Argoud, this volume). Authigenic
smectite (frequently associated with phillipsite) could
be identified (Riech, this volume) only in some dia-
genetically altered ashes and volcaniclastic sandstone
beds. Part of the smectite matrix of the volcaniclastic
sandstones might have been derived from altered fine-
grained volcanic debris from The Fuerteventura shelf
(Schmincke and von Rad, this volume).

Table 4 shows the X-ray diffraction results of 40
samples selected for studies on silica and carbonate
diagenesis. These semiquantitative data supplement the
detailed X-ray diffraction results of Chamley and
d’Argoud (this volume) and are discussed by Riech (this
volume). The large amount of X-ray amorphous matter
in Miocene and Lower Cretaceous sediments is possibly
due to poorly crystallized phyllosilicates or their precur-
SOTS.

The Lower Cretaceous Unit 5 is extremely rich in illite
with considerable amounts of chlorite, smectite, and
mixed-layer clay minerals. In the mainly allochthonous
lower Miocene Unit 4, a drastic change to a smectite-
dominated association takes place (see Chamley and
d’Argoud, this volume; Sediment Summary Chart 1,
back pocket, this volume). Apparently, the hinterland
was covered by smectite-rich soils formed under a warm
climate and seasonally alternating humid and arid con-
ditions (Chamley and d’Argoud, this volume). Units 3
to 1 have a broad assemblage of smectite-illite-chlorite-
kaolinite-mixed-layer mineral with trace amounts of
palygorskite and sepiolite which might reflect climatic
changes (humidity versus aridity) which are discussed in
detail by Chamley and d’Argoud (this volume). These
interpretations can be correlated with climatological
events inferred from coarse-fraction analysis (Chamley
and Diester-Haass, this volume).

Volcaniclastic Components

Air-fall ash deposits (probably derived from Gran
Canaria or the western Canaries) occur mostly in Units
3to 1 (14 to 0.3 m.y.B.P.). The fresh ashes consist of
colorless individual glass shards, pumice, feldspar phe-
nocrysts, and small felsic rock fragments in distinct
layers (0.2 to 5 cm thick; maximum 25 cm). The glass of
many ash layers is highly altered to zeolites (mostly phil-
lipsite; see Riech, this volume). Only a few very old (19
m.y.B.P.) altered vitreous tuff layers of trachytic com-
position (source: Fuerteventura or Lanzarole?) were
found in Unit 4 (Section 397A-23-3; see Schmincke and
von Rad, this volume).

Two types of volcaniclastic sandstones were identi-
fied. A lower 7.8-meter-thick debris flow (‘“V-3"" in
Cores 397-84 and 397-85; 397A-2 and 397A-6) consists
mainly of altered hyaloclastite (palagonite tuff), prob-
ably derived from a submarine shield phase of Fuerte-
ventura. The upper 4.3-meter-thick debris flow (*‘V-1"’
in cores 397-79 and 397-80) is a tuffaceous sandstone



TABLE 4

Mineralogical Composition of Selected Samples, Site 397

SITE 397

Sample Time-Rock [Depth Mineral Composition (XRD)
(Interval in cm) Unit (m) Lithology >25wt.% 10to25 wt. % < 10wt %
. 39796,CC 915  Pre-Miocene chert pebble q am CT
BE  397A-235.90 1160 Porcell. with rad. + toraminifers CT am,ca mtm,q,cli,pal,il
5‘5 g 397A-26-1,15 +| Early 1210  Silicified mudstone with rad. + foraminifers| — am,CT,ca,q mtm,ka,il,si,py
5 'g 397A-28-3,CC +| Miocene 1250 Silicified mudstone with radiolarians - CT,am,q,mtm,il ca,ka,f,py
D 397A-29,CC  + 1260 } CcT ca,q,mtm am.ka
397A-331,58 + 1290 f 5 397A-283,CC cT am,mtm.gq,ca il,pal ka,f.do,py
397-34-2, 132* Early 320 am mtm,q,f phi,py ka,mi
g 397-374,130* Pliocene 350 tsd v am f,phi,mtm,CT py,mi,px
S £ 397-573,87 L.Miocene | §50 ) ~ Aered viteous am,ca ta phika,CT
£% 39775190 710 ashes + tutfs am ca phi q
e g 397-76-4, 28 730 - am,ca,mtm f
gw 397-79-2,79 750  Quartz-bearing crystal tuff ca am,mtm,f,q ka,py
= ‘é 397-79-3, 22 Middle 750  Altered tuffiaceous sandstone mtm dio,ca CT,py
< g 397-794,38 Miocene 750 mtm dio,f CT,am,ca,do,py,ka
g & 3978443 800 Mtlercd‘ n!f'faceous sandstones ey anal am.ka,g
2 ::s: 397-85-3, 58 810 (hyaloclastites) ca chab,mtm am,q,py
< 397-85-3, 79* 810 Quurtz-bearing hyaloclastite mtm q,ca ka,f,phi
397A-23-3,32 E.Miocene |1160 Altered tuffaceous sandstone mtm — q
2 = g 397-80,CC +| M. Miocene 760 Mudstone with foraminifers ca q,mtm il,ml,py,f,ka
g = s 39795-5,CC  +| Early 910  Silty/sandy mudstone q mtm,f mn,ka,mi,ca,py
= g 2.5 397A-23-3,58 +| Miocene 1160 Mudstone with siderite thombs ~ am,si,ca,q,mtm ka,ml,py,CT,il,f
E:‘ 8= 397A46-2,43 +[ Late 1400 Mudstone q am ka,mi,f pX,si,ap
T <2 397A5 1-3,90 +| Hauterivian |1440 Mudstone q am.ka,mtm/il,chl si,ca
" 397-76 (mixed)* Middle 720 Limestone with foraminifers cli q.f,CT anal,ca
&= 397-85-3,138 Miocene 810  Marly limestone with foraminifers ca anal am,q
2 “é‘ 397A-11-2,93* 1020 Clayey foraminiferal sandstone CT am,cli,q,ca mtm,si,py
wg  397A-124,CC* 1040 Mudstone with radiolarian casts - am,mtm,q cli,py.q,gmel,mi
g @ + foraminifers
3.2 397A-14-1, 55* Earl 1050 As397A-124,CC q am,mtm,f cli,py.ka,mi,CT
'E g 397A-14-5,CC Mi Y 1050  Silty marl with foraminifers q,ca - cli,am,f ka,py
52  397A-23-3, 140 locene 1160 Mudstone with radiolarians am ca,q cli,mtm,CT ka,f
5 o] + foraminifers
™ '§ 397A-24-2, 48* 1180 Mudstone with foraminifers am.q ¢li,CT f,py
397A-24-2, 64 1180 q foraminiferal sandstone with do. thombs | am,q,ca cli,do,f ap,py,CT
397-59-1, 146e L. Miocene 560 Marly chalk with do thombs ca,do not determined
2 . 397A-5-1, 30 940 Silty dolomicrite with foraminifers do,am q,ca mtm,il,f
5.2 397A-10-3, 142 1020 Limestone with do rhombs ca do si
= 5 E 397A-11-6,97e Early 1030  Mudstone with dofsi thombs si do ca
g-g 5 397A-166,CC Miocene 1080  Micritic siderite with apatite layers si ap,g,am mtm/il.ka,py
=29 & 397A-24,CC 1180 Dolomicrite with opal-CT patches do am,q,CT ca,il,chl
= 397A-33-2,12 1290  Micritic siderite si am py,ilq
397A-51-3,93 L. Hauterivian | 1440  Sideritic streaks in mudstone si,q am,mu,ka chl,f,ca

Note: Semiquantitative X-ray diffraction analysis by Dr. H. Rosch, Hannover. Explanation of symbols and abbreviations: + = aggregate polarization
(uniform extinction of the total matrix under crossed nicols, if polarizer or analyzer are parallel to the bedding plane); * = HCl-residue; ® = heavy
liquid separation for dolomite/siderite (> 2.8); am = X-ray amorphous matter, anal = analcime; ap = apatite; ca = calcite; chab = chabazite; chl =
chlorite; cli = clinoptilolite; CT = opal-CT: dio = diopside; do = dolomite; f = feldspar; gmel = gmelinite; il = illite; ka = kaolinite; mi = mica; ml =
mixed layer; mtm = montmorillonite; mu = muscovite; pal = palygorskite; phi = phillipsite; py = pyrite; px = pyroxene; q = quartz; si = siderite.

to conglomerate which, in addition to biogenic de-
bris, contains sedimentary and metamorphic rock frag-
ments and a montmorillonite-rich matrix, non-vesicular
tachylite to fully crystallized basalt and trachyandesite,
““micrograbbo’® and vesicular pumice shards (now
replaced by clay and carbonate). Schmincke and von
Rad (this volume) interpret this debris as being derived
mainly from subaerially eroded volcanic and sedimen-
tary detritus from Fuerteventura between about 15.5
and 17 m.y.B.P. For a more detailed description and in-
terpretation of the volcanogenic sandstones and in-
ferences on the Neogene evolution of the Canary Island
volcanism, see Schmincke and von Rad (this volume).

Depositional Environments and Processes’
Early Cretaceous Sedimentation (lithostratigraphic Unit 5)

The following interrelated sedimentologic and paleo-
environmental problems are presented by the enigmatic
facies of the late Hauterivian (recovered from Cores
397A-34 to 397A-52: (1) overall depth and environment
of deposition, (2) mode of deposition; (3) oxygen levels
in bottom water in contact with the sediments; (4) origin

* The interpretations presented include also the paleoenvironmen-
tal conclusions derived from the biostratigraphic data discussed later
in this Site Report.
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of millimeter to centimeter lamination; (5) preserva-
tional aspects of calcareous fossils; and (6) origin of
siderite beds and nodules. The following paragraphs ad-
dress each of these problems individually.

At present, evidence is indeterminate for both depth
and environment of deposition. Sedimentary structures,
rate of sedimentation estimated from biostratigraphic
and paleomagnetic evidence (ca 75 to 150 m/m.y.), and
composition of the sediments suggest several possi-
bilities. Deposition appears to have taken place in a
quiet-water setting (below effective wave base), as
evidenced by conspicuous fine parallel lamination
(Cores 397A-34 to 397A-48). The paucity of benthic in-
vertebrates and of recognizable burrows (in Cores
397A-41, 397-44, and 397A-47) and the presence of fair-
ly abundant organic matter (up to 1% by weight) sug-
gest low oxygen conditions on the sea floor. No
evidence was seen of photosynthetic benthic organisms
(such as algae). Therefore, we can estimate a minimum
depth of deposition of > 100 to 300 meters. None of the
features of these sediments seems typical of a shelf or
lagoonal setting and a maximum grain size of fine to
medium silt lends further support to this argument.
Einsele and von Rad (this volume) compare the
lithofacies of Site 397 with that of recent prodeltas and
Early Cretaceous deltaic sediments in several on- and
offshore commercial wells from the Aaiun Basin, and
suggest a depth of a few hundred to 1000 meters based
on paleogeographic setting and inferred rates of margin
subsidence (cf. also Butt, this volume).

Appealing alternative interpretations are an environ-
ment under the influence of a pronounced oxygen-
minimum zone, either in a slope setting or on a distal
prodelta. The latter is favored by Einsele and von Rad
(this volume). Abundant organic plant debris, the
paucity of recognizable turbidites (only in Section
397A-39-2), and dominance of the clay fraction argues
for a distal setting, possibly of a prodelta type (see
Einsele and von Rad, their fig. 4). Evidence from more
landward sections in the Aaiun Basin points to the ex-
istence of an Early Cretaceous deltaic complex. The in-
ferred sedimentation rate at Hole 397A is extremely
high for a typical slope setting. Unfortunately, we do
not know with confidence the topographic profiles of
ancient shelf-slope settings. Evidence for some down-
slope gradient is seen in Cores 397A-50 through 397A-
52, where numerous slump structures and contorted,
crinkled laminations occur. These could be due to shear
imposed by occasional strong downslope currents, or to
instability and downslope creep.

The mode of deposition is also uncertain. Distinct
silt-clay lamination is present throughout most of the
156-meter sequence that was cored. Occasional cross-
lamination (Section 397A-46-3) may also be seen and
some rare slight graded bedding. Deposition may have
been accomplished by a combination of turbid layer
transport and small grain flows. Lamination is pre-
served because of the lack of bioturbation, which in
turn was caused by oxygen depletion and a high
sedimentation rate.
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This lamination is important because of its possible
implications. Much of the fine, millimeter-scale (varve-
like) lamination may indicate annual rhythms. Tentative
examination suggests a sedimentation rate on the order
of 100 to >200 m/m.y. if the laminations are con-
sidered as annual couplets. However, these laminae may
also represent longer term climatic variations, storm
periods, or internal wave activity in a well-layered
ocean.

The fact that fine laminations are preserved, signs of
burrowing are scarce, benthic organisms are sparse or
absent, and organic contents are relatively high suggests
that oxygen-free to oxygen-poor bottom waters were
typical during deposition of this sequence. Pyrite is a
ubiquitous constituent, which implies that reducing con-
ditions prevailed below the sediment-water interface.

The origin and fate of carbonate constituents is also
significant. Nannofossil preservation varies (Wind and
Cepek this volume), but is generally good, especially in
Cores 397A-46 and 397A-47. Planktonic foraminifers
are sparse or absent, which points either to very shallow
environments (shelf break), low productivity (low
evolutionary level at that time), or dissolution (see also
discussion in Butt; Roesler et al.; both, this volume).
The small average diameter of benthic foraminifers can
be interpreted as indicating either lateral sorting during
transport or restricted environmental conditions. Occa-
sional well-preserved ammonites and pelecypods (Sec-
tions 397A-39-2, 397A-46-2, 397A-46-4) possessing
aragonitic nacreous layers were encountered in the sedi-
ment. It is puzzling that relatively solution-susceptible
aragonitic fossils would be preserved while planktonic
microfossils may be largely dissolved. Thus, it is likely
that the depositional environment was above the CCD
and that the paucity of planktonic foraminifers is due to
low productivity or dilution.

Siderite is also a major constituent of this unit
(Einsele and von Rad, this volume), occurring in rhyth-
mically spaced 0.1 to 2-cm-thick layers and nodules. It is
probably authigenic, but does not appear to replace
nannofossils and other recognizable calcareous consti-
tuents (except for possible siderite overgrowths, see
Wind and Cepek, this volume). If siderite is wholly
authigenic, it indicates that slightly reducing conditions
prevailed within the dark mudstones and that dissolved
sulfide was exhausted in the interstitial waters, while
alkalinity increased. Siderite has been found in other
Cretaceous marine organic carbon-rich shales in the
North Atlantic in continental margin settings (e.g., Leg
14, Site 144; Leg 47B, Hole 398D) and basinal sites (Leg
11, Site 101).

Neogene Allochthonous Sedimentation and Margin
Rebuilding (lithostratigraphic Units 1-4)

As a consequence of continental slope-rise destruc-
tion through possible deep-current erosion some time
between the late Hauterivian and early Miocene, rapid
downslope transverse sedimentation of a complex se-
quence of slump masses, debris flows, turbidity current
deposits, and intercalated hemipelagic ‘‘autochtho-



nous”’ sediments occurred following this margin-sculp-
turing event or events (see Arthur and von Rad, this
volume). Such flysch-type or sedimentary mélange de-
posits are well known from Alpine settings (fluxotur-
bidites, pebbly mudstones, turbidites; e.g., Stanley and
Unrug, 1974) and are often interpreted as indicating tec-
tonically active margins because of the need to invoke
sources for large volumes of coarse debris and high
slope gradients to encourage massive downslope move-
ment. The sequences cored at Holes 397 and 397A on
the upper continental rise, however, do not necessitate a
relationship to tectonic processes. Indeed, they must be
related to a cutting back (erosion) of older slope
deposits, which stripped away greater thicknesses (> 1
to 3 km) of overburden on a local scale (e.g., Cornford
et al., Arthur et al.; both, this volume) and over-
steepening of gradients on the slope. Sediments sub-
sequently deposited on the slope and upper rise under-
went mass-wasting to re-establish an equilibrium gra-
dient from outer shelf to lower rise. Thus, following
the rise-slope sculpturing event, the first sediment to ap-
pear at the base of the slope consisted of rapidly depos-
ited debris flows. With time, the importance of these
flows declined (Arthur and von Rad, this volume) as the
gradient was diminished by a combination of upper
slope and canyon erosion and the upbuilding and out-
building of a sedimentary wedge on the rise. Because of
slope instability, significant sediment probably did not
accumulate on the upper slope (e.g., downslope from
Site 369) until sedimentation and erosional processes ef-
fectively lowered gradients. The actual rate of stabiliza-
tion depends on sedimentation rates over the shelf,
slope, and rise, i.e., both the availability of terrigenous
detritus and of pelagic biogenic material. In a deltaic
setting, graded equilibrium could be expected to be
rapidly accomplished. In this high fertility region off
Cape Bojador, however, biogenic sedimentation is most
significant, while terrigenous influx is climatically lim-
ited, although Sarnthein (in Arthur et al., this vol-
ume) suggests the possibility of an early Miocene deltaic
source. Most of the mass wastage consists of pelagic
biogenic sediment and dark mudstones with high clay
mineral, quartz, and shallow-water calcareous skeletal
contents. Due to a combination of special oceano-
graphic conditions (? contour-following currents) and
upwelling hemipelagic sedimentation has been effective
in draping the rise-lower slope province from the middle
Miocene onward; the role of turbidity transport and
slumping is presently negligible.

Lithostratigraphic Units 3 and 4

Lithostratigraphic Units 3 and 4 encompass the inter-
val from Cores 397-57 to 397-104, and from Cores
397A-1 to 397A-34 or the time from about 20 to 9
m.y.B.P. The stratigraphic and sedimentary record of
these units is extremely complicated because of the in-
teraction of downslope displacement of debris flows
(both volcanogenic from the Canary Islands and, more
typical, pebbly mudstones from the northwest African
margin), turbidity currents, and possible activity of bot-
tom currents.

SITE 397

The site apparently remained in bathyal depths dur-
ing the deposition of Units 3 and 4: benthic populations
consistently yield lower to middle bathyal species
(Lutze, in Site Chapter, this volume), both in the auto-
chthonous and allochthonous sediments. Shallow-water
forms from the inner shelf, outer shelf, and upper slope
are superimposed among the autochthonous benthic
populations. A progression in time of reworking and
displacement of inner shelf, outer shelf, and slope
materials is evidenced by benthic foraminiferal popula-
tions present in allochthonous sediments (Lutze; Arthur
and von Rad; both, this volume). An early Miocene
acme (18-12.5 m.y.; maximum about 16 m.y.B.P.) in
stripping of inner and outer shelf and slope sediments,
with reworking of Eocene faunal elements, was fol-
lowed by decreased displacement activity in the late
Miocene, affecting the outer shelf and upper slope only.

Sedimentary material derived from the upper slope is
consistently dark olive-green to brown-black in color,
not strongly bioturbated, and relatively high in organic
carbon content. Color is age-independent, and cor-
relates with the color of sediment from piston cores
taken on the upper slope from this area, represented by
material which is middle Eocene, middle and upper
Miocene, Pliocene, and Quaternary (Vema cores). Bio-
turbation is abundant in and above middle Miocene,
but absent in lower Miocene laminated sediments
which, however, yield an abundance of benthic fora-
minifers. The populations exhibit low species diversity,
which could be the result of relatively oxygen-depleted
conditions on this part of the upper rise province (prob-
lem of possible expansion of the oxygen-minimum
layer).

Corrosive action of carbonate undersaturated bot-
tom waters is evident in the autochthonous sediments of
the middle-upper Miocene, whereas older faunas do not
show much evidence of dissolution at depth.

Incipient diagenesis was consistently noticed in sedi-
ments of the lower Miocene; the foraminiferal tests are
recrystallized, filled with tiny calcite crystals, and of-
ten deformed and compressed. Incipient diagenesis is
limited to the autochthonous, strongly burrowed, light
colored biogenic sediments. It is absent in the debris
flows, which are allochthonous and penecontemporan-
eous with the autochthonous deposits. No age dif-
ference could be detected between the two in most in-
stances, except in the lowest part of the section where
displaced upper Oligocene sediment is intercalated with
lower Miocene sediment. Both planktonic and benthic
foraminifers from the debris flows are perfectly pre-
served, with empty tests and no deformation (See Cita,
in Site Chapter, this volume).

From the above consideration, it appears that the
autochthonous Neogene sediment are readily lithified at
burial depths of 400 to 800 meters, because they have
higher initial carbonate contents (foraminifers and nan-
nofossils) and thus a higher ‘‘diagenetic potential’’ (cf.
degree of CaCO; cementation in foraminiferal cham-
bers and sandstones). By contrast, the allochthonous
deposits at this burial depth have undergone little or no
diagenetic change. The ‘‘diagenetic potential’’ is con-
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trolled both by depositional mechanisms and different
source areas for carbonate, and by oceanographic circu-
lation events (Schlanger and Douglas, 1974).

The downslope displaced fossils in debris flows in-
clude solitary corals, gastropods, and pelecypods
possessing aragonitic tests, which do not show any sign
of corrosion. The mass transport mechanism (whether
slow creep or rapid transport in suspension) and rapid
burial protected them from both mechanical and
chemical attack.

An enigmatic preservational aspect which deserves
further consideration is recorded in Cores 397A-10 and
397A-11. An indurated, dark brown, highly gaseous,
porous, marly limestone intercalated with debris flows
contains perfectly preserved empty tests of Buliminids
(Arthur and von Rad, this volume, plate 7). This associ-
ation of apparently strong reducing conditions and
methane generation with excellent preservation of
solution-susceptible calcareous tests is difficult to ex-
plain. The following factors may exert some influence:

1) Rapid transport and burial from a shelf or slope
setting, insulation from carbonate-undersaturated
waters.

2) Dissolution of other types of soluble shallow-
water calcareous organisms quickly saturating the pore
waters (e.g., fine hash of pelecypod and gastropod
fragments).

3) Interstitial water saturated initially (shelf-slope
source in density current?).

4) High rate of reduction of organic matter by
anaerobic organisms and lack of bioturbation led to
rapid increase in alkalinity, enhancing preservation (see
Berger and Soutar, 1970).

Radiolarians, which are conspicuously absent from
the lower Pliocene to middle Miocene, reappear in the
lower part of the section (lower Miocene). Their skele-
tons are mostly replaced by opal-CT (Riech, this
volume). They are consistently recorded from Cores
397A-12 to 397A-34 with maximum abundance in Cores
397A-22 and 397A-23.

Siliceous productivity in subtropical belts is usually
enhanced at times of known glaciation. However, no
record of radiolarians was found at our drill site in cor-
respondence with the late Miocene (Antarctic) glacia-
tion. This must imply a reduced intensity of upwelling,
possibly due to changes associated with the uplift of the
Canary Islands and consequent readjustment of circula-
tion patterns.

Lithostratigraphic Units 1 and 2

Between the late Miocene and the present (approx-
imately 8 m.y.) pelagic sediments (Cores 57-3 to 1) were
deposited which are relatively uniform in color, struc-
ture, texture, and biogenic and non-biogenic composi-
tion.

Dissolution of calcareous microfossils reaches its
maximum at about 8 m.y. in the lowermost part of the
upper Miocene, as well as in the immediately preceding
time-rock unit (upper-middle Miocene). This may be
related to expansion of the Antarctic ice cap (Hayes,
Frakes, et al.,, 1974) and an intensification of ther-
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mohaline circulation in the Atlantic Ocean (see also
Diester-Haass; Cita and Ryan; Sarnthein in Arthur et
al.; all, this volume).

Strong climatic changes are noticed in foraminiferal
associations in the youngest part of the Pleistocene (the
so-called ‘‘glacial’’ Quaternary). Less-pronounced but
noticeable fluctuations are also recorded in the Plio-
cene; the lower Pliocene seems to reflect cooler condi-
tions with respect to both the overlying upper Pliocene
and the unerlying upper Miocene, where a higher num-
ber of tropical species of planktonic foraminifers is
recorded.

The occurrence of siliceous plankton (radiolarians,
diatoms, silicoflagellates) in Cores 397-1 to 397-32 (up-
per Pliocene/Quaternary) indicates siliceous productivi-
ty during a period of known glacial expansion, especial-
ly during the last 1.8 m.y. (Diester-Haass, this volume).
Core 392-25 has an interpolated age of approximately 3
m.y., which corresponds to the onset of Arctic glacia-
tion (DSDP Leg 12).

Generally speaking, the sedimentation rate is high
which partially is explainable by high productivity in an
area of upwelling (Canary Current) and, in part, by a
high input of terrigenous material (particularly in the
finer sediment fraction size, although this does not
become prominent until Cores 397-19 or 397-20).

Summary

The following sequence of events in the Neogene
history of the African margin off Cape Bojador is
recognized as a result of Site 397 coring.

Pre-Late Oligocene or Early Miocene Sculpturing Event

Because of the hiatus between Hauterivian and lower
Miocene deposits, this event is not well dated; it is
thought to be one or more geostrophic current-gener-
ated erosional phases with unloading and isostatic
uplift establishing high slope relief and instability.
Possibly, erosion was accomplished over more than one
time period, because several distinct hiatus intervals
were noted at Site 369 on the upper slope (Lancelot,
Seibold, et al., 1978).

Early to Middle Miocene Initial Sedimentation Phase

After the end of the final erosional phase in the lower
Miocene, the first sedimentation consists of pebbly
mudstone (F-4A,; facies notations, e.g., F-1, 2, 3, 4, 5,
etc. are discussed in Arthur and von Rad, this volume)
transported as debris flows, including detritus from
hemipelagic and upper slope carbonaceous mudstone
sources (fig. 5 in Arthur and von Rad, this volume). The
clasts are typically smeared and flattened by shear and
compaction. The debris flows are interbedded with fine-
grained, carbonaceous, graded turbidites (F-3). An
evolutionary sequence (fig. 3, Arthur and von Rad, this
volume) can be followed from (1) predominant debris
flows (F-4A type), through (2) poorly sorted debris
flows containing few sedimentary clasts but rich in
quartz granules and shallow-water calcareous shell
debris (F-4C). These are interpreted as grain flows from
periodic flushing of canyon head reservoirs at the shelf



edge and into (3) fewer debris flows, more common thin
turbidites, and an increasing hemipelagic component.
This probably represents the progressive diminishment
of the slope-rise gradient. Most turbiditic sands, silts,
and clays were probably bypassed to the lower rise dur-
ing the early Miocene (e.g., to the vicinity of Site 139
and as far as Site 138 (see Berger and von Rad, 1972;
Arthur et al., this volume). Those eolian sand tur-
bidites (Sarnthein and Diester-Haass, 1977), etc., were
deposited on the upper rise more frequently as the gra-
dient declined. The first and second evolutionary steps
(noted above) occur between seismic reflectors R-10
(Do) and R-8; the third evolutionary step occupies the
interval between R-8 and slightly post-R-7 (D).

Late-Early to Middle Miocene Canary Islands Uplift Event

Superimposed over the transverse sedimentation pro-
cesses piling sediment at the base of the slope is evi-
dence of the occurrence (about 16 m.y.B.P.) of a num-
ber of debris flows, relatively better sorted than those
previously discussed and partly well graded (e.g., Core
397-84), containing primarily volcanic materials of
acidic through basic composition (F-4B) along with
some pelagic and shallow-water sediment debris (domi-
nant in Cores 397-84 to 397-82). These are interpreted as
recording the initiation of significant topographic relief,
and possibly subaerial exposure along the Canary Island
trend and the establishment of a downslope longitudinal
gradient along the rise from the Canaries to at least the
location of Site 397 (fig. 5, Arthur and von Rad;
Schmincke and von Rad; both, this volume).

The uplift of the Canaries trend and that of the Cape
Verde Rise at some time in the early Miocene may also
have been responsible for changing oceanographic con-
ditions along the interval of the northwestern African
margin between the two island chains, acting as an ef-
fective barrier which diverted deep bottom currents
which had previously scoured the region, and allowed
high rates of sedimentation to persist at the base of
slope and upper rise provinces. Only limited evidence
for bottom current-produced deposits (e.g., Core
397-73) was found at Site 397 above the lower Miocene,
and only minor erosional hiatuses were encountered.

Late Miocene to Recent Hemipelagic Sedimentation Phase

Most of the section above the R-7 (D.) seismic hori-
zon comprises biogenous hemipelagic sediment deposi-
tion along the upper rise. Sedimentation rates of bio-
genic calcite are extremely high, related to climatically
induced upwelling and high fertility. Also, enough
bottom-current activity occurs along the foot of the
slope to concentrate sedimentation in a wedge at the
base of the slope. Terrigenous input is variable, mainly
clay-sized particles settled out of nepheloid suspension
or a possible eolian contribution. In the lower-upper
Miocene (Cores 397-57 to 397-72), downslope creep and
slumping of hemipelagic deposits occurred over an in-
terval of about 100 meters, but gradients were apparent-
ly not steep enough to encourage complete detachment
and formation of debris flows. Thereafter, slope stabili-
ty was evidently established and rapid upbuilding of the
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sediment wedge occurred by hemipelagic depositional
processes.

The upbuilding of the upper continental rise sediment
drape was interrupted only briefly by four hiatuses: (a)
a minor gap at about 15-15.5 m.y.(?); (b) a gap (12.5-
10.5 m.y.B.P.) between the middle and late Miocene
(also at Site 369, Leg 41), possibly due to slumping;
(c) a scouring event (bottom currents) or reduced sedi-
mentation rates during the Pliocene (ca. 3 m.y.B.P.)
and (d) another brief intra-Pleistocene (ca. 0.9 m.y.
B.P.) scouring event are only based on evidence from
physical properties, acoustostratigraphy, magnetostra-
tigraphy, and/or reworking of planktonic foraminifers.
The third and fourth hiatuses are both associated with
known periods of intensification of northern hemi-
spheric oceanic circulation due to climatic deterioration;
three last-mentioned hiatuses are associated with the
release of eolian sand turbidites in neighboring DSDP
Sites 138, 139, 367, and 370 (Sarnthein and Diester-
Haass, 1977; Sarnthein, 1978).

Eustatic sea-level changes have apparently left very
little imprint on the upper rise sedimentary record,
although variations in amount of the terrigenous com-
ponent in response to climatic change do occur (Lutze
et al.; Diester-Haass; both, this volume). Acoustic strat-
ification especially in the Quaternary section is probably
a climatic signature caused by changes in the ‘‘diagenet-
ic potential’’ of deposited biogenic calcareous compo-
nents (carbonate cycles) related to climate-induced
oceanographic events (e.g., Schlanger and Douglas,
1974; Williams and Mountain, this volume; Cita and
Ryan, this volume).

The complexity of sedimentation and evolution of the
rise prism in Neogene times could not have been
deciphered without continuous coring. As a result of
this analysis, it is apparent that active tectonism is not
required to generate seemingly chaotic sedimentary se-
quences. The association of sedimentary breccias, con-
glomerates, and turbidites with volcanogenic debris
flows in a passive margin setting suggests that care
should be taken in interpreting similar associations in
mountain belts.

PHYSICAL PROPERTIES AT SITE 397

Measurements of sound velocity, wet bulk density,
porosity, water content, and shear strength were made
on samples from Holes 397 and 397A (see Tables 5 and
6, respectively). A brief description of the equipment
and techniques used is given in the Explanatory Notes
(this volume). Further discussion and evaluation of the
data are presented by Williams and Mountain (this
volume). Table 14 and Figure 27 show correlations of
shipboard sonic velocity measurements with interval
velocities between seismic reflectors.

Leg 47A afforded unique opportunities for obtaining
information on the effects of the deep burial of marine
sediments. All but 70 of the drilled 1453 meters were
cored, and reasonably good recovery ensured that the
data are representative of the entire section. The upper-
most 686 meters penetrated a fairly uniform Neogene
section that was deposited nearly continuously at water
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SITE 397

TABLE 5
Sound Velocity, Wet Bulk Density, Porosity, Water Content, Shear Strength, and Sand/Silt/Clay Ratios From Hole 397

. . 3 . Water Shear Grain Size
Coves Velocity (km/s) Wet Bulk Density (g/cm3) linpedance Porosity (%) Content Strength | Depth (%)
Section | | Bedding | Bedding | Gravimetric  2-min. GRAPE | (gfem2-s) | Gravimetric 2-min. GRAPE | Gravimetric | (g/cm2) {m) Sand Silt  Clay
11 5 9 33 58
2-1 70-1.74
2 37 12 34 54
-3a 75-1.51 90-1.55¢ 66-1.79 2.34 90-69.6¢ 66-56.3 90-44.9¢ 90 6 34 60
-5 100-1.51
ks 64 2 19 79
-23
-3 38-1.49 60 5 16 79
-3 123-1.51 60-1.59¢ 60-66.5¢ 60-41.9¢
4a 36-1.55 240
-5 18-1.50
-5 130-1.55
- 26-1.46
% 86-1.49
41 136-1.48b
28| 118-1.48
-3 72-1.50 67-1.62¢ 241 67-66.5¢ 67-41.4¢ 66 213 85
4a 25-1.50
5-24 68 321 76

138 2 25 713

-3 27-1.50 90-1.58¢ 2.37 90-70.8¢ 90-44.8¢ | 34.35 89 4 32 64
4a
6-1 50-1.55 46 4 14 62
28 | 125-1.52
-3 26-1.53 29-110 44 i 35 62
44 80-1.52b
-5 23-1.50b
-5 107-1.50b
7-1 90-1.52
.28 80-1.33b
-3 20-1.51 95-1.56¢ 95-54.1¢ 95.34.7¢ 33-37 95 5 26 69
3 55-1.54b 2.37
43 96-1.560
-5 38-1.54
-6 34-1.54b
81 50-1.52
-1 120-1.510 2.28
28 92.1.51b
-3 74-1.50¢ 63-1.62 74-69.1¢ 63-67.8 74-45.9¢ 61-64 74 3 34 63
48 79-1.51b
-5 62-1.53b
9-1 38-1.51
-1 107-1.55b
-2a 11-1.53 2.37
2 111-1.48b
3 53.1.52b 54-1.56¢ 61-1.68 54-65.9¢ 61-63.3 54-44.1¢ | 65-74 53 4 30 66
-4a | 102-1.52b 56 2 32 66
10-22
3 136-1.53 110-1.52 110-74.0 105-99 106 1 31 68
-4a 92-1.37b -
-5 38-1.54
6 76-1.360
11-1 37-1.54b
-2a 37-1.54b
3 132-1.53b 126-1.56¢ 133-1.75 240 126-64.9¢ 133-58.9 126-41.7¢ | 117-151 | 125 2 28 10
43 | 138-1.53b
-5 70-1.55b
12-12 97-1.48b 262 79-107
< 85-1.77¢ #5-58.5¢ 85-33.0¢ 84 3 36 6l
13-1 56-1.58
-24
-3 115-1.57b 62-1.63¢ 67-1.76 62-60.5¢ 67-58.6 62-37.2¢ 72-252 61 3 32 65
3 2.58 75:219
-5 53-1.59b
-6 61-1.76 61-58.0
E 35.1.48b
14-13
-4 76-1.560 72-1.65¢ 80-1.73 2.56 72-71.7¢ 80-60.3 72-43.5 65-27 71 4 33 63
-6 22-1.53b
15-1 91-1.42b
-2a 2.74
-3 68-1.71¢ 73-1.81 68.59.8¢ 78-55.0 68-34.9¢ | 64-179 67 3 36 6l
-4 128-1.60
-53 | 132-1.600
-6 121-1.60b
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TABLE 5 — Continued

SITE 397

Water Shear Grain Size
Eare Velocity (km/s) Wet Bulk Density (g/cm3) T Porosity (%) Content Strength | Depth l‘%l
Section | [ Bedding | Bedding | Gravimetric  2-min. GRAPE | (g/fem2-5) | Gravimetric 2-min. GRAPE | Gravimetric | (g/fem2) [ (m) | Sand Silt Clay
16-1 107-1.60
.24
-3 16-1.59b 65-1.65¢ 72-1.68 2.64 65-69.2¢ 72-63.6 65-42.1¢ 67-165 65 7 31 62
42
6 100-1.57b
17-1 93-1.50b
.24
-3 100-1.60b 100-1.68¢ 95-1.75 267 100-59.2¢ 95-59.1 100-35.3¢ 90-293 99 3 30 67
-4a -
5 89-1.580
% 116-1.63b
1824 | 125-1.41b
-3 60-1.70¢ 35-1.85 2.65 60-59.2¢ 35-52.3 60-34.9¢ 57-206 40 3 28 69
42 | 118-1.61b
6 145-1.510
19-22 73-1.60
-3 83-1.59b 92-1.70¢ 34-1.73 272 92-60.0¢ 34-60.4 92-35.4¢ | 45-316 | 100 2 36 62
4a .
-6 58-1.60
20-12 | 104-157
-2 73-1.58
20-3 83-1.60 92-1.70¢ 87-1.84 2.69 92-59.3¢ 87-52.9 92-34.8¢ | 87-234 80 3 36 61
6 58-1.58
21-1a 76-1.59
i 85-1.31b 90-1.77¢ 112-1.80 70-62.6¢ 112-56.0 90-35.2¢ | 64-174 | 101 2 36 62
4a 2.87
-5 120-1.64
7 40-1.47b
22-1 115-1.55
.24
-3 42-1.43b 121-1.74¢ 72-1.73 121-56.3¢ 72-60.0 121-32.4¢ | 81-170 | 120 1 39 60

121-1.75¢ 58.4 334

4a 2.76
-5 28-1.61
za»ia 80-1.59 97-1.84 97-53.0 04-138 | 106 2 36 62
-4a =
-5 87-1.44
241 101-1.56
.24
3 111-1.62 111-1.72¢ 96-1.83 2.73 111-59.0¢ 96-53.8 111-34.2¢ 98-110 | 110 3 35 62
-4a 40-1.49b
-6 39-1.60
25-5 37-1.60 96-1.81¢ 69-1.85 2.90 96-55.1¢ 69-52.5 96-30.4¢ | 62-215 95 2 31 67
26-1 113-1.60
-2a _
-3 74-192 87 2 28 70
42 | 126-1.70
27-22 77-1.60
-3 106-1.86¢ 129-1.96 2.98 106-46 .4¢ 129-45.0 106-24.9¢ 06-160 | 105 2 28 70
-4a 12-1.64b
28-24 57-1.64b 78 1 29 70
-3 78-1.89¢ 67-1.99 3.16 78-49.7¢ 67-43.3 78-26.2¢ | 73224 77 1 32 67
-5 49-1.67
29-2a | 104-1.51
-3 82-1.87¢ 56-1.97 82-51.1¢ 56-44.7 82-27.3¢ | 73-197 81 129 70
Z 297
4 82-1.64
-64 55-1.60
30-12
-2 111-1.62
-3 82-1.70¢ 48-1.79 2.77 82-53.2¢ 48-56.2 82-31.3¢ | 39-147 81 123 76
4a 36-1.48
% 45-1.64
31-3a 47-1.68 16-1.91¢ 31-1.96 3.21 16-50.5¢ 3145.3 16-26.4¢ | 47270 15 129 70
32-2 97-1.54 2.82
-34 33-1.83¢ 50-1.90 33-55.2¢ 50-49.4 33.30.1¢ | 79-312 32 2 30 68
3320 53-1.61
-3 83-1.87¢ 60-1.97 3.01 83-55.2¢ 60-44.8 83-29.6¢ 87-142 80 1228 7l
34-1 130-1.60
.24
-3 34-1.76¢ 2.83 3449.2¢ 34-28.0¢ 33 1 32 67
44 32-1.62
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TABLE 5 — Continued

Water Shear Grain Size

Core- Velocity (km/s) Wet Bulk Density (g/cm3) Impedance Porosity (%) Content Strength  [Depth (%)
Section | || Bedding 1 Bedding | Gravimetric 2-min. GRAPE | (g/em2-s) | Gravimetric 2-min. GRAPE | Gravimetric (gh:mzl (m) Sand  Silt  Clay
36-2 94-1.47b - 109 1 34 65
374 43-1.59 270

-4 131-1.87 130-1.56% % 130-62.5 130-39.9
38-22

-3 12-1.92 12475 17-165

42 292

-5 53-1.62

-6 51-1.34b 85-1.80 85-53.2 85-29.6
39.2a

-4a 102-1.66 -

5 59 >1051

5 79 >416
40-3 58-1.65 57-1.79 298 §7-52.8 57-29.4
41-4 92-1.63

-5 20-1.64 3.05 103-753 70 1 29 70

-5 74-1.86¢ T4-54.2¢ 74-29.1¢ 124-163
42-2 49-1.68 = 55 0 24 76
43.2a

-4 103-1.67 3.16

-5 91-1.53b 70-1.89¢ 108-2.00 70-52.2¢ 108-42.9 70-27.6¢ 76-188 69 2 31 67
44-24 140-1.68

-3 32-1.61b¢ 32-42.0¢ 32-26.1¢ 31 1 24 s

-5 57-1.72 274 104-741

5 107->416
45-2 34-1.69

-4a 63-1.57 77-1.99¢ 3.23 7746.5¢ 77-23.4¢ 25-359 77 c 29 71

77-1.97¢ 77476 77-24.1

47-22

-5 61-1.98¢ 61-46.9¢ 61-23.7¢ 60 1 25 74

61-1.96¢ 61-46.2¢ 61-23.6¢

48-22 79-1.88 79-49.0 79-26.1 83 1 28 7

-2 139-1.86 - 139-47 4 139-25.4
49.2a

-3 88-1.62 81-1.59¢ 258 81-43.0¢ 81-27.0¢ 43-741 80 1 26 73
50-1 50-1.73 66-1.90 3.29 6647.5 66-25.0 66 0 29 71
523 76-1.71 33-1.87 3548.7 33-26.0 27 0 22 78

4a 3.20
531 56-1.66 63-1.89 89-2.04 3.14 63-47.3 89-39.8 63-25.0
54-28

-3 88-1.91 BB8-47.1 §8-24.7 90 0 27 73
543 | 143-1.80  143-1.64 .13

4a
55-2a

-3 33-1.66 80 1 28 71

-3 86-1.91 131-2,00 317 86-44.1 131-42.9 86-23.1

.48
56-3 38-1.94 34-2.06 - 38457 34-38.5 38-23.5 30 0 24 71
574 41-1.75 17-1.91 41-1.98 3.34 1747.2 41342 17-24.8 12 1 26 73
58-3 127-1.67 127-1.53 17-1.84 101-1.99 2.82 17-46.7 101-43.1 17-25.4 31 2 36 62
59-1 10-1.70 98-2.01 342 98-43.2 98-21.5 94 1 43 56
60-3 43-1.66 43-2.03 43404 85 1 29 70
61-3 41-1.76 87-1.91 92-2.10 3.36 8749.6 92-36.3 87-24.2 82 2 36 62
62-4 35-2.00 §3-1.93 35-2.04 3.86 83-45.0 3540.2 §3-23.3 87 0 20 80
63-1 58-1.77 58-2.05 349 58-39.1

-2 1-1.97 9-42.8 9-21.7 13 1 29 70
64-3 91-1.66 135-1.93 91-2.06 3.20 135-45.9 91-38.5 135-23.8 138 1 24 75
65-3 44-1.64 91-1.93 44-2 00 3.20 91-45.1 4442 8 91-23.4 93 3 35 62

44-1.67

66-12

-3 62-2.06 4.04 92 1 34 65

-3 91-1.96 100-2.07 9143.1 100-38.2 91-22.0
67-2 26-1.68 - 26-1.95 - 7343.7 26-2.62 73-25.8 75 1 29 70
68-22

-3 118-1.95 - 118-42.0 118-21.5
69-3 18-1.84b 72-2.45 18-2.17 92-57.8 18-31.8 72-23.6 74 1 39 60
70-1a =

-3 20-1.96 20435 20-22.2 31 1 30 69
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TABLE 5 — Continued

SITE 397

Water Shear Grain Size
s Velocity (km/s) Wet Bulk Density (g/em3) linpedanos Porosity (%) Content Strength | Depth (%)
Section | | Bedding 1 Bedding | Gravimetric 2-min. GRAPE | (g/cm2-s) | Gravimetric 2-min. GRAPE | Gravimetric | (g/em?) (m}) Sand  Silt  Clay
71-3 80-1.50 47-1.97 80-2.09 296 4741.0 80-36.6 47-20.9 92 1 26 73
72-3 136-1.73 127-2.05 (3.43) 124-39.5
4
-Hit
733 70-2.13 47-2.09 70-2.29 (70] 4.45 47-36.7 70-23.7 47-17.6
74-1 67-2.00 41-2.20 67-2.27 [67] 4.40 41-32.0 67-25.0 41-14.5
75-1 130-1.91 130-2.03 [130] 4.14 130-40.8
-2 57-2.17 57-33.8 57-15.5
76-3 85-2.02 52-1.84 85-2.21 |85] (4.30) 52-50.3 85-29.1 52-274
77-1 127-2.08 127-1.98 [127] 3.81 12743.6
-3 69-1.83 69472 69-258
78-3 127-2.17b 52-2.20 127-2.34 (4.90) 52-31.8 127-20.7 52-14.5
79-2 145-3.02 138-2.28 145-2.40 [145] 6.89 138-25.7 145-16.0 138-11.3
80-3 482.82 48282 | 127-1.87 48230 | [48] (6.26) | 12747.1 4823.1 129252
3 88-2.24 88-2.10 | [88] (4.53) 88-36.0
83-2 21-1.81 21-1.50 — 21-752
84-3 23-2.55 121-2.14 23-2.26 [23] 546 121-39.9 23-25.8 121-18.6
85-2 32-2.49 32-2.09 [32] (5.00) 32-36.9
4 149-1.59b 141-2.13 [149] (3.26) 149-34.2
86-1 105-1.98 105-45.0 105-22.7
-2 30-1.60 30-1.84 30-2.15 [30] (3.80) 30-32.9
87-1 66-2.00 66-2.28 100-2.03 66-2.38 [66] 4.61 100-38.3 66-17.4 100-18.9
66230 66-2.74
-3 92-2.02 72-38.3 72-18.9
88-2 123-1.53 44-2.16 123-2.07 [123] (3.04) 44-24 8 123-37.9 44-11.5
4 39-2.90 39-2.58 39-2.52 [39] (6.30) 39-8.8
39-2.98
893 | 123-2.06b 47-2.09 123221 | [123] (4.39) | 47230 123-29.1 47-10.0
§9-2.30 89-36.6 89-17.5
90-2 76-2.13 72-2.21 76-2.35 [96] 4.71 72-34.1 76-19.4 72-15.4
92-3 135-1.94 - 135443 135-22.8
93-3 84-2.26 20-1.90 4.29 20-45.0 20-23.6
95-3 71-2.13 43-2.20 71-2.32 4.69 43-30.4 T1-218 43-13.8
Notes: AGRAPE scan,
bUnreliable data.
CSyringe.

depths above the CCD. These factors contribute to
making data from this site ideal for documentation of
the change of physical properties with depth without
complications of diverse lithologies, large hiatuses, or
carbonate dissolution. A 100-million year hiatus was
found at 1306 meters and data across this unconformity
provide insight into the effects of exhumed and reburied
sediments.

Not surprisingly, the physical properties of the
sediments reflect the three major lithologic units at Site
397 (lithostratigraphic Units 1 and 2, 3 and 4, 5). This
can be seen in a glance at the summary graph of Figure
4. Above 686 meters, gradients are uniform and scatter
is relatively small. In the Miocene gravitative sediments
below this depth, all values are widely scattered, and
there is little indication of vertical gradients. Values are
most consistent again in the Lower Cretaceous section
below 1300 meters, where there is an appreciable ver-
tical gradient in physical properties. The following
discussion is based on data displayed in Figure 4 and is
divided into the three intervals just identified.

First Interval: Cores 397-1 to 397-72
(0 to 686 m sub-bottom)

Velocity

Each dot (see Figure 4) in the uppermost 300 meters
is the average of one to five measurements made parallel
to bedding at different locations through the core liner.
Below this depth, measurements were made less fre-
quently, usually at two locations per core. The triangles
indicated below 400 meters are values of velocity
measured perpendicular to bedding on samples firm
enough to be removed from the liner and measured
directly. Horizontal lines in Figure 4 connect values
measured on the same sample. With the exception of
three samples from Site 397, all velocities measured
parallel to bedding were higher (average difference of 10
duplications was 0.19 km/s) than those measured
perpendicular to the bedding of the same sample.

Values at the top of the hole begin close to that of sea
water (1.51 km/s in Core 397-2) and increase with
relatively little scatter to roughly 1.70 km/s at the top of
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TABLE 6
Sound Velocity, Wet Bulk Density, Porosity, Water Content, and Other Data From Hole 397A
Water Grain Size
Content (%)
Velocity (km/s) Wet Bulk Density (g/cm?3) Porosity (%) (%) -
Core- Chunk 2-min. Impedance Chunk 2-min. Chunk B B o= 5
Section || Bedding 1 Bedding |Gravimetric GRAPE (g/em?2 - 5) Gravimetric GRAPE |Gravimetric |8 E & & O
1-3 10 214
1-3 40  2.36 33 235 33 2.28 40 531 33 243 33 28.7| 33 108
1-3 140 2.21 140 2.12 140 2.21 140 469 140 35.1 140 24.0| 140 16.6
2-1 0 292 40  2.30 30 2.26 30 6.72 40 282 30 255| 40 123|123 0 27 73
2-1 90  1.91 90  2.06 90 2.14 90 3.93 90 386 90 332 90 187
2-1 146 276 146 2.05 146 2.15 146  5.66 146 40.0 146 326 146 194
31 60 2.012 60  2.09 60 1.98 60 4.204 60 363 60 442 60 174 36 15 40 45
33 5§ 211 55 355 55 16.8
4-1 70 219 70 1.61 77 6.11 70 313 70 683 70 143 70 17 35 48
4-1 17 2.79 77 1.69 77 63.1
52 6 1.93 6 41.6 6 21.6
6-1 37 3.47 33 248 37 2.56 37 861 33 133 3 6.0 33 54
6-2 55 2.54 20 2.28 55 2.23 55 5.79 20 27.0 55 273 20 11.9
7-1 32 2.48 32 243 32 235 32 547 32 195
7-1 32 243 | 23 225 32 2.38 23 289 32 175| 23 128
7-1 90 2.31 96 2.30 90 2.34 90 3531 96 246 90 200 96 107
91 36 2.05 41 2.20 36 381 41 295 36 186
10-2 B3  1.94 80 1.88 83  2.00 B3 365 80 343 B3 42.6| B0 183
11-2 1 103 2,99 103 1.98 103 2.36 103 5.92 103 18.6 103 19.2| 103 9.4
11-3 | 118 1.92 129 1.93 118 2.05 118 371 129 40.0 118 39.2) 129 207
12-3 | 114 1.67 114 2.06 114 388
13-1 140 1.97 140 2.02 140 2.07 140 3.98 140 349 140 38.0] 140 173
14-1 85 177 80 2.00 85 2.08 85  3.54 80 336 85 37.5| 80 16.8
15-4 4 205 4 2,07 4 (3.90) 4 378
15-4 72 353 75 2.52 72 261 72 890 75 111 72 28| 75 4.4
16-3 B0 2131 83 221 80 2.29 80 5.08 83 277 B0 239| 83 125
16-3 83 218 83 305 83 140
17-4 65 1.92 60 2.09 65 2.16 65  4.01 60 316 65 32.0( 60 151
18-1 12 2.04 10 2.06 12 2.20 12 4.20 10 344 12 294| 10 16.7
18-1 10 2.10 10 36.2 10 17.2
19-2 2 195 4 197 2 210 2 384 4 389 2 362 4 197
20-2 76¢ 219 79 219 76  2.28 76 4.80 79 274 76 245 79 125
21-1 25 210 25 M 25 29.
21-2 112 2.29 112 229 112 10.0
22-2 72 2.09 71 2.03 72 223 72 424 71 320 72 276 71 158
22-2 | 110 1.83 110 2.07 110 2.04 110 3.79 110 319 110 399( 110 154
232 52 218 51 212 52 219 52 4.62 51 334 52 303| 51 157
24-2 5 1.76 10 2.00 5 1.98 5 3.52 10 28.5 5 437 10 143
26-1 30  2.00 25 2.02 30 2.0 30 4.04 25 31.2 30 36| 25 154
271 | 60 336 60 3.37 60 {240 | 60 (8.00) 60 104
27-1 T3 2136 88  2.04 72 213 72 481 88 30,5 72 34.1| 88 15.0
1.95 46.1
28-2 | 140  2.26 140 1.92 140 204 140 (4.43) 140 402
29-1 7 230 A Y ) ] 7 (499 7 264
30-2 | 142 207 143 221 142 216 142 4.57 143 209 142 32.5] 143 94
31-1 84 2.25 83 222 84 243 B3 283| B84 108
32-2 85 2.33 70  2.38 85 165 70 17.8| B85 7.0
331 40 245 40 2.08 40 2.23 40 5.10 40 31.8 40 274 40 153
341 30 1.93 27 218 0 221 30 4.5 27 282 30 28B9| 27 129
34-1 68 1.85 78  2.20 68 211 68 (3.76) 98 299 68 352 78 136
353 94 1.692|122 2.23 94 2.28 94 3972 122 291 94 243 122 13.0| 80 1 46 53
35-3 | 113 1.98 113 1.75 |113 263 113 2.56 113 4.60 113 226 113 5.6| 113 6.9
364 | 126  3.74 126 3.09 142 236 126 11.56 126 12.0 142 18.7| 126 39
364 | 142 1922 142 192 | 91 228 142 240 142 4.30 91 26.1 142 166 91 115
364 114  2.21 114 304 114 13.7
391 9 4.99 96 4.60 | 47 2.18 47  30.8 47 14.1
41-2 | 124 175 125 2.13 124 230 124 3.73 125 351 124 227|125 165
41-2 118 2.16 118 34,1 118 15.8
30 2.12 30 356 30 168
42-2 66 1.74 68 213 66 2.36 66 371 68 337 66 19.0 68 158
43-1 102 2.16 85 2.30 102 319 85 227|102 148
44-2 1 355 1 293 1 1040 1 167 1 5.7
24 213 24 305 24 139
45-2 62 2.15 62 33.2 62 154
46-4 29 1.84 29 1.74 | 39 217 29 231 29 378 39 313 29 224) 39 144
47-1 103 1.982) 90 2.17 103 2.33 103 4.30 90 31.2 103 21.0( 90 143
48-1 3 455
48-2 55 1.6
49-2 70 2.26 70 274 70 121
50-4 74 225 74 285 74 127
504 149 2.41 149 242 149 101
50-5 69 4,81
51-1 28 217 28 199 | 33 231 28 240 28  4.60 33 256 28 164 33 111
52-1 | 118 195 118 2.04 |118 230 118 241 118 4.69 118 25.0 118 15.7| 118 108
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SITE 397 PHYSICAL PROPERTIES SUMMARY CHART
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Figure 4. Site 397 physical properties summary chart.

the first slump in Core 397-57. Care was taken to
distinguish “‘slumped’’ from ‘‘in-situ’’ material; two
values from the former are circled. From the similarity
of the velocities in these two materials, the mode of
deposition does not appear to affect values significant-
ly. However, scatter does seem to increase downwards
in the slumped interval. This level is nearly that of the
first appearance of chalks and ‘‘biscuit’’ structures, that
is, drilling artifacts consisting of alternating hard frag-

ments and soft paste. Though only the hard fragments
were measured for sound velocity, they yielded a large
range of values, from a low of 1.53 km/s in Core 397-58
to a high of 2.06 km/s in Core 397-66.

In general, a non-linear increase in velocity with
depth is implied by the data from the upper 686 meters.
This interval is shown on an expanded scale in Figure 5,
along with curves derived from laboratory measure-
ments and from sonobuoy refraction measurements at
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sea. The former was derived by Laughton (1954) from

velocity in compacted globigerina ooze, and is of the
form

V =V, + k(h)!”2

<
Il

o = velocity at one atmosphere = 1.65 km/s
constant = 0.44

depth below sea floor in km (converted from
confining pressure).

The other curve in Figure 5 was derived by Houtz (1974)
from 87 seismic refraction measurements along the
western North Atlantic continental rise. Rearranging his
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Figure 5. Expanded scale of velocity measurements at
Site 397 compared with data on Globigerina oozes

(Laughton, 1954) and on refraction measurements at
sea (Houtz, 1974).
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equations relating velocity refraction time and interval
thickness, the velocity/depth relationship is of the form

V = (V, 2+ 2kh)!/2

where
V, = velocity at the sea floor = 1.58 km/s
k = constant = 1.24

h = depth below sea floor in km.
Shipboard velocities measure considerably below those
at equivalent depths on the experiemental curves. The
curve superimposed on the data is

V =V, + k(h)!”2

where V is 1.51 km/s and k = 0.24.

Raising a deeply buried core from oceanic depths
changes its physical properties. But the implication
from Figure 5 is that the vertical gradient measured
aboard, though lower, is similar in form to the probable
“‘in-sitw’’ gradient.

Bulk Physical Properties

Downhole plots of gravimetric wet bulk density,
porosity, and water content are shown in Figure 4. Each
dot in the upper 686 meters represents one measure-
ment, usually one per core. Cores 397-22, 397-45, and
397-87 were sampled twice at the same depth; the close
agreement in each duplication is clear. For a number of
reasons discussed in the later chapter by Williams and
Mountain (Part 2 of this volume), the results of the two-
minute GRAPE measurements are considered less reli-
able and are not shown here.

In Cores 397-1 to 397-15, all three bulk properties
(wet density, porosity, water content) show downward
variations as great as in any interval above 693 meters.
Core disturbance in these soft marl oozes was substan-
tial but, as carbonate fluctuations suggest (see Sediment
Summary Chart 1, back pocket, this volume), Pleistocene
climatic variations may have played a part in causing varia-
tions in the physical properties of these sediments.

Downwards from Core 397-15, all bulk physical
properties change somewhat more uniformly. Density
increases from 1.55 g/cm’® in Core 397-2, to 1.97 in Core
397-71. Porosity in Core 397-2 was 69 per cent, decreas-
ing to 41 per cent in Core 397-71. Through the same in-
terval, water content decreases from 45 to 21 per cent.

Most values plot close to the generalized curves
superimposed on the data in Figure 4. The low density,
high porosity, and high water content in Core 397-37
(shown as open circles) was measured in a sample of
zeolitic mud and ash. Clearly, the coarse grain size and
low carbonate content of this sediment accounted for
the anomalous physical properties. The very low density
recorded for Core 397-49 is not considered reliable. It
was the last ‘‘syringe’’ measurement made before the
downhole transition from ooze to chalk that made the
“chunk’’ method necessary (see Williams and Moun-
tain, Part 2 of this volume). One sample of slumped
material (Core 397-59) was measured and is circled in
Figure 4. As was the case for velocity, this value is not



significantly different from those of the autochthonous
sediment.

Two subtle breaks in trend are noteworthy in Figure
4. Many of the bulk properties in the first 11 cores (100
m sub-bottom) fall to the left of the smoothed curves
shown. The same is true for sound velocity and density
values. Though no lithologic change was detected at this
depth, a brief hiatus is suggested by planktonic foramin-
ifers. Paleomagnetic and paleontologic evidence sug-
gests another break between Cores 25 and 26 of Hole
397 (230 m sub-bottom); this depth corresponds with
another discontinuity in the physical properties. Figure
4 shows that immediately below Core 397-25, density
values are locally high while porosity and water content
values are low. A possible explanation for these changes
in trend involves post-depositional recrystallization of
carbonate. A layer of buried sediment suddenly relieved
of overburden due to erosion is likely to expand. With
pore spaces made available for mineral-rich pore water,
recrystallization could follow, resulting in anomalous
density, porosity, and water content values immediately
below the erosional unconformity (however, note lack
of carbonate cementation in upper 700 m of Site 397,
Riech in Sediment Summary Chart 1, back pocket, this
volume).

Acoustic Impedance

Acoustic impedance is defined as the product of
sound velocity times wet bulk density, and is an indi-
cator of the acoustic reflectivity of sediments. The more
distinct the downward change in impedance the greater
the probability that it will serve as a sound reflector.
Obviously the downward trends of this parameter in
Figure 4 follow those of both the velocity and density
values already discussed.

Shear Strength

The location of each vane shear measurement was
carefully selected in the least-disturbed interval of each
of the first 48 cores. However, drilling disturbance was
so severe in some intervals that any shear strength values
were immediately considered suspect. Values begin at 35
g/cm? in Core 397-6, the shallowest core considered
reliable for such measurements. From here downward,
values increase to 316 g/cm? in Core 397-19, below
which values decrease. Beneath the low value of 110
g/cm? in Core 397-24, shear strength again increases to
an immeasurable value in Core 397-37 (741 g/cm’ at
Core 397-49). The scattered values below this depth
coincide with the ooze/chalk transition. Below Core
397-49, the sediments were too indurated to measure.

Second Interval: Cores 397-72 to 397A-34
(686 to 1306 m sub-bottom)

Velocity

The uniform downward increase of sound velocity in
the upper 686 meters ends abruptly in Core 397-72. In
the debris flows below this depth, values are extremely
variable. As in the overlying interval, the dots in Figure
4 mark values measured parallel to bedding and
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triangles mark values measured perpendicular to bed-
ding. Values connected by horizontal lines are duplicate
measurements from the same depth. Measurements of
autochthonous sediments are connected downhole by a
line and are marked by solid symbols. The isolated,
open symbols represent measurements of allochthonous
material.

At the top of this interval (710 m in Core 397-73)
nannofossil chalk measures 2.13 km/s. Induration in-
creases rapidly downwards to nannofossil limestone in
Core 397-76, though velocities remain unchanged.
Throughout the 620 meters of this interval, most
velocities in the autochthonous sediment are con-
siderably above the V = 1.51 + 0.24(h)1/2 relationship
that fits the overlying interval. This ““in-situ’’ facies ac-
tually consists of various lithologies that downhole are
progressively less carbonate rich. Limestones at the top
give way to marly nannofossil limestones in Cores
397-85, which in turn become calcareous mudstones in
Core 397A-18, and finally are mudstones in the top of
Core 397A-34, immediately above the unconformity.
Velocities from this facies have been grouped in Figure 6
to provide a graphical comparison with values in the
displaced material.

In Figure 6, facies designations (see Arthur and von
Rad, this volume) are listed at the left; because of their
close lithologic similarity, facies 2 and 3 have been
grouped together. Measured values of sound velocity
and gravimetric wet density, porosity, and water con-
tent are displayed graphically. The heavy bars represent
mean values, plus and minus one standard deviation
unit. The thin lines usually extending beyond the mean
value mark the full range of the highest and lowest
values measured. The numbers above each bar is the
number of measurements represented.

Figure 6 shows that the pelagic sediments of facies 5
have both the lowest mean velocity and the narrowest
range: 2.09 +.21 km/s. The highest velocity (3.53
km/s) was found in the calcareous sandstone (facies 1B)
of Section 397A-15-4. As a group, facies 4B (volcani-
clastic debris) registered the highest mean velocity: 2.73
+.41 km/s.

Bulk Properties

All bulk physical properties in Figure 6 show patterns
similar to those of velocity. Where high velocity cor-
responds with high densities, they correspond as well
with low porosities and low water contents. The three
values in the sandstone facies 1A and 1B are substantial-
ly higher than those of the other facies. Porosity and
water content lithofacies 1A and 1B are likewise notably
lower than the other, suggesting that secondary recrys-
tallization has progressed further in these sediments. By
contrast, mean values of porosity and water content in
the pelagic facies 5 (37.0 +£5.5% and 18.0 +3.8%,
respectively) are higher than those of the displaced
material. Perhaps one or more of the following is the
cause:

1) The allochthonous sediments contained con-
siderable amounts of entrained carbonate material that,
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Figure 6. Bulk physical properties measurements on
various sediment facies at Site 397.

after burial, supplied ions to the pore water plus car-
bonate grains on which recrystallization would rapidly
occur.

2) Permeability in the allochthonous sediments is
greater than it is in the pelagic sediments, and results in
more rapid dewatering and compaction.

3) The allochthonous material is slightly older and ar-
rived at the site more consolidated than the autoch-
thonous sediment.

4) There are more uncemented foraminiferal
chambers in facies 5 than in facies 2 to 4.

The large range of values in facies 4B might be due to
varying degrees of carbonate recrystallization. For ex-
ample, the sample measured in Section 397-76-3 is a
semilithified, nearly pure volcaniclastic sand; porosity is
50.4 per cent. In Section 397-79-2, the sample is a poorly
sorted coarse-grained volcanic sandstone with some car-
bonate clasts, and it shows clear evidence of calcite
recrystallization; porosity measures 25.7 per cent. Other
factors that could account for the heterogeneity of
facies 4B include variable packing, sorting, and grain
size.

Third Interval: Cores 397A-34 to 397A-52
(1306 to 1453 m sub-bottom)

The deepest of three major lithologic units at Site 397
is the Lower Cretaceous section found beneath an ero-
sional unconformity at 1296 meters. One of the most
striking aspects of these sediments is that they consist of
frequent alternations of semilithified, laminated quartz
mudstone and hard, massive laminate and lenses of
siderite. Despite this marked heterogeneity, physical
properties within the mudstones show a remarkably
consistent downward pattern. This is apparent in all
properties plotted in Figure 4. Values in the siderite are
so very different from those of the mudstone that in-
cluding them on Figure 4 would have overlapped the
plots; hence, they are shown as numbers only.
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Sound velocity at the top of the interval (Section
397A-1) is 1.85 km/s. Immediately across the uncon-
formity (38 c¢cm higher in the same section) velocity
measured 1.93 km/s within Miocene mudstone facies 3.
Below Core 397A-34, velocities remain low or even
decrease slightly (Core 397A-46 measured 1.74 km/s)
and then increase at the bottom of the hole to 2.0 km/s
and higher. Anisotropy is marked in these laminated
mudstones, but velocities were found both higher and
lower than velocities parallel to bedding. Velocities in
the siderite reached a high of 4.99 km/s in Core 397-39.

The bulk physical properties in this interval show a
pattern similar to that of velocity. While values im-
mediately below the unconformity are close to those in
the overlying Miocene mudstones, they change down-
wards and reach a minimum density and a maximum
porosity and water content near Core 397A-42. Below
this, the gradients reverse to the bottom of the hole.

In Core 397A-42, density is the lowest of the
mudstones, measuring 2.12 g/cm?; Core 397A-52 mea-
sures 2.30 g/cm®. Porosity decreases from 34 to 25 per
cent in the same interval, and water content decreases
from 16 to 11 per cent. By contrast, the values in a
siderite laminae of Core 397A-36 are 3.09 g/cm?, 12 and
4 per cent (respectively).

From the above patterns in the Lower Cretaceous
section, the following conclusions are drawn. Extrap-
olating the generalized water content curve downwards
from the nearly continuous Neogene section above 686
meters, places it very close to the values measured at the
bottom of Hole 397A. Barring the possible effects of
secondary recrystallization in the mudstones, this may
indicate that the Lower Cretaceous section was at one
time buried to a depth comparable to that of today. If
50, it is entirely possible that removal of the 1300 meters
or more of overburden sometime prior to early Miocene
allowed pore spaces to reopen. The local maximum of
water content near Core 397A-42 could represent an in-
terval that has not returned to an equilibrium profile.
Perhaps this second compaction is hampered by the fact
that relatively impermeable siderite laminae formed
during the process of relaxing spaces and now inhibit
the vertical migration of pore water.

GEOCHEMISTRY

Introduction

A major part of the shipboard geochemical studies on
Leg 47 was aimed at evaluating two new rapid methods
for monitoring sedimentary hydrocarbon occurrence in
time to effect drilling decisions. The two new methods
were the gas chromatography measurement of trace C,
to Cs hydrocarbons in core liner gas pockets (Whelan,
this volume), and a pyrolysis-fluorescence technique,
described as a tool for evaluating the generative poten-
tial of a sediment and/or identifying migrated heavy
hydrocarbons (Heacock and Hood, 1970).

In addition, organic carbon analysis, carbonate con-
tent (reported with core data) and organic petrographic
(microscopy) studies were conducted on board Glomar
Challenger. Shipboard pore water analyses were also



made and are discussed in this section together with
more detailed shore-based studies by V. Marchig (BGR,
Hannover).

More detailed organic geochemical analyses are
reported from individual shore-based laboratories later
in this volume (Erdman et al.; Deroo et al.; Baker et al.;
Kendrick et al.; Whelan; Pearson et al.; Cornford et al.;
Johnson et al.; all, this volume) along with a synthesis
of all organic geochemical results (Cornford, this
volume). The relationship of sediment maturity, source
rock potential, and hydrocarbon migration and entrap-
ment in this passive margin setting is discussed in the
Sedimentology Synthesis (Arthur et al., this volume).

Organic Geochemistry

C, to C; Hydrocarbon Analysis

Correlation of the proportions of C, to Cs hydrocar-
bons in Holes 397 and 397A with seismic, sedimentary,
and biostratigraphic data suggests that they may be a
useful early indicator of lithologic changes encountered
during drilling (see Sediment Summary Chart 1, back
pocket, this volume).

Holes 397 and 397A had core liner gas pockets start-
ing at about 80 meters and continuing to 1450 meters, at
which depth drilling was terminated. The gas from 80 to
124 meters proved to be mainly air, nitrogen, and car-
bon dioxide. The odor of H.S was detected in cores
from 9 to 151 meters. At 196 meters, methane became
the major hydrocarbon component of the evolved gas
(Sediment Summary Chart 1, this volume), although the
amounts varied widely from one gas pocket to another.
Values of §'°C of -60 to -80 indicate that all of the meth-
ane was biogenic (Whelan, this volume).

A newly installed gas chromatograph (CG) made
possible the shipboard monitoring of exact trace
amounts of C, to C; hydrocarbons and their isomers in
these gas samples. This equipment is nearly 1000 times
more sensitive for hydrocarbon analysis than the equip-
ment used on previous legs. A similar system was first
used to analyze gases from 300 Black Sea gas samples
(Leg 42B), which had been collected in Vacutainers and
shipped to Woods Hole Oceanographic Institution for
C, to C; hydrocarbon analysis. The most striking
feature of the Black Sea results was the way in which the
detailed shapes of the logs of the C,, C;, C,, and C;
hydrocarbon curves were ‘‘in phase’’ throughout Holes
379, 380, 380A, and 381 (Hunt and Whelan, 1978).
Similar results were found in top and bottom fine-
grained sediment sections of Holes 397 and 397A (see
Sediment Summary Chart 1, back pocket, this volume).

Apparently, the C, to C; hydrocarbons form by some
low-temperature (<50°C) process, either staying in
place or (more likely) migrating slowly upward together
with interstitial water through fine-grained sediments.
The exact nature of the generation process is unknown.
However, the most reasonable interpretation of the ex-
isting data is that the process involved a slow chemical
evolution from material associated with bacteria or their
remains (Whelan, this volume).
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Irrespective of how the C; to C; hydrocarbons form,
the “‘in phase’’ behavior correlates remarkably well with
lithology. Thus, in fine-grained sediments (from 190 to
350 m, 420 to 530 m, and generally from 840 to 1453 m),
the C; to Cs curves travel “‘in phase’’ through the fine-
grained sediments (Sediment Summary Chart 1, back
pocket, this volume), even though the proportions of C,
to C; gases vary widely. In lithostratigraphic Units 3 and
4, containing porous layers of sand and volcaniclastics,
especially between 540 and 830 meters, C, and C, levels
generally remains unchanged, while the C,/C,,/C./C,,
and Cs/C, ratio curves decrease irregularly. Preferential
horizontal movement of the lighter C, and C, gases
(called ‘“diffusion’’ by petroleum geologists) into these
more porous layers could cause such a fractionation.

Shore-based sediment C, to C; hydrocarbon analyses
show substantial differences between lithostratigraphic
Units 1 and 2 (0 to 540 m, primarily marly siliceous nan-
nofossil ooze) and the lower Miocene pebbly mudstones
of Unit 4. The upper unit shows low levels of C,-C; and
limited distribution of Cs and C; compounds. The lower
Miocene Unit 4 contains higher levels of C,-C; and a
wide spectrum of Cs and C; compounds similar to re-
sults at other DSDP sites where organic-rich sediments
were encountered. These compounds form from in-situ
low-temperature chemical reactions similar to those
occurring in immature petroleum source rocks (Hunt,
1975).

Organic Carbon

Fifty-seven organic carbon analyses were conducted
on board ship as part of a continuous hydrocarbon safe-
ty monitoring program. An additional 87 samples were
analyzed as part of the routine DSDP shore-based pro-
gram. The trends established by the shipboard work
are essentially confirmed by the shore-based studies,
although the absolute values of the shipboard analy-
ses, particularly those of the organic lean sediments
(< 0.5% Corg), are consistently too high (Table 7). This
error could be eliminated by having sediment standards
(measured by the DSDP shore-based laboratory)
available on board ship. To allow comparison with past
and future legs, only the DSDP shore-based data are
used in the rest of this discussion.

The downhole variation of organic carbon (see Sedi-
ment Summary Chart 1, back pocket, this volume) con-
forms to the five major lithostratigraphic units (Table 7).

Lithologic Unit 1 is characterized by relatively high
(mean value 0.45% C_ ) and fluctuating carbon values
(see Sediment Chart, back pocket, this volume). Such
high values in the Pliocene/Pleistocene may be in-
dicative of high bioproductivity in an upwelling area, or
a strongly fluctuating terrestrial input.

Lithologic Units 2 and 3 are characterized by low
organic carbon values (mean value 0.17% Com) and
more typical of previously drilled hemipelagic deep-sea
sediments (Figure 7). Lithologic Unit 4 is composed of
allochthonous sediments with generally higher C
values (1.39% mean). Sands in this interval have low-
est organic values. No highly significant variation of
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TABLE 7
Distribution of Mean Cory Values in the Five Lithostratigraphic Units of DSDP Site 397 (shipboard and shore-based data)
Shore-
Depth (m) Based Data Ship- Data
Lithostratigraphic of Corg Mean Stand. board  Stand.
Unit Time-Rock Unit DSDP Samples  Corg (%) Dev. N2 Mean Dev. Na
1 Pliocene-Recent 397-1 to 397-33 1-313 0452 0.250 31 0.89 0.71
2and 3 Middle Miocene 397-33 to 397-19  313-752 0.174 0.053 22 0.46 0.15 17
to Pliocene
R Middle-early 397-87 to 752-1297 1.391 1.086 20 1.96 1.29 24
Miocene 397A-32
F1b - - - 022 - 3
F2 0.921 - 1 0.61 — 3
F3 1.842 1.095 9 2.56 1.10 11
F4 1.422 0.921 5 2.04 1.06 5
F§ 0.405 0.113 4 0.45 0.16 6
5 Cretaceous 397A-34 to 1309-1453  0.559 0.150 18 0.98 0.41 7
397A-52

AN = number of determinations.

bI“'-‘] to F5 are lithofacies found in Unit 4: F1 = Coarse-grained calcareous sand; F2 = Lighter green, coarser-grained marl chalk;
F3 =Darker green, finer-grained marl chalk; F4 = Clastic gravity flow matrix, flows contain Facies 2 and 3; F5 = Blue-green, fine-
grained hemipelagic chalk (see also Lithostratigraphy section and Arthur and von Rad, this volume).

organic carbon content could be found with sediment
types Fl to FS5 within this unit (Table 7). Values varied
widely for any one sediment type. But both the ship-
board and shorebased data (Table 7) indicate that the
mean organic carbon content increases in the order
F1 <F5<F2<F4<F3, indicating that in the alloch-
thonous sediments, highest values occur in the fine-
grained sediments.

Lithologic Unit 5, the Hauterivian shales with siderite
lamellae, shows a mean organic carbon value of 0.56 per
cent. There is some indication of an increase with depth.
Not included in this mean value is a thin black layer
from Sample 397A-47-1, 36 cm?, which is presumed to
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Figure 7. A comparison of Leg 47A organic carbon
values with previous DSDP legs (Mclver, 1975, un-
published results).
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be sapropel fragment based on its organic carbon con-
tent of 41.5 +1.4 per cent (measured at Woods Hole).

Pyrolysis-Fluorescence

This technique provides information on the hydro-
carbon generative potential of the sediments by mea-
suring the fluorescent intensity of the lipid soluble
sediment distillate. Heacock and Hood (1970) suggest
that these data, when taken with organic carbon con-
tent, can be used to determine whether a sediment has a
hydrocarbon generative potential or contains migrated
heavy hydrocarbons. The method has the advantage of
speed (about 10 min per analysis) and sensitivity (0.1 g
of sediment is required).

Since this was the first time that the pyrolysis-
fluorescence technique had been used on board the
Challenger, a brief outline of the method may be
helpful. About 0.1 g of sediment was placed in a
“Pyrex’’ test tube and heated over a colorless gas (pro-
pane) flame until red hot (about 20 s). The evolved
pyrolysis products condensed on the cool upper parts of
the tube wall. After cooling, the pyrolysis products were
dissolved in trichloroethane and the solvent decanted in-
to a clean tube. Fluorescence was measured with a
Turner Fluorometer after the solution was diluted to
give a maximum fluorescence per 3 ml of solvent per
0.1 g of sediment. In spite of the crudeness of the
method, measurements were fairly reproducible: a
background level of 2 fluorescence units was generally
obtained.

Because this was part of the safety monitoring pro-
gram, the samples submitted for analyses were not
representative, but were those felt to have the greatest
source rock or reservoir characteristics.

The results of pyrolysis/fluorescence analyses are
plotted against shipboard organic carbon values in
Figure 8, together with data from other DSDP holes by
Hood and co-workers (unpublished results).
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Figure 8. Plot of organic matter versus pyrolysis/fluor-
escence units for Holes 397 and 397A and for
previous DSDP sites (Hood et al., unpublished
results).

For interpretation of the data, three areas can be
defined in Figure 8 with regard to the presence and/or
generative potential of heavy hydrocarbons (Heacock
and Hood, 1970). The central area bracketed by the
dashed lines may represent an area of immature but
potential petroleum-generating sediments. Within this
area fall the small number of DSDP samples analyzed
previously. Above this area, little fluorescent distillate is
produced from a high carbon content. This represents a
‘“‘safe’” area where neither active generation nor ac-
cumulation is indicated. Data points falling in the area
below the dashed line suggest that the sediments contain
migrated heavy hydrocarbons or indigenous organic
matter with a high generative potential.

The pyrolysis-fluorescence values obtained at Site 397
were generally very low, rarely increasing above the
background of the instrument (Figure 8). Relatively
low values were obtained even for the organic-rich
sediments. In Figure 8, the data points from Site 397
plot-out in the upper left portion of the diagram, close
to the organic carbon axis. The absolute values of the
shipboard organic carbon data may be somewhat too
high (Table 7); hence, the points may need adjusting to
a lower level. Even with such an adjustment, the data
points fall in the region of the diagram which indicates a
low generative potential and the absence of migrated

heavy hydrocarbons. These results point to a low poten-

tial drilling hazard from reservoired hydrocarbons.

Organic Petrography

Reflected and transmitted light studies were under-
taken on board the ship. The results of the relatively few
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shipboard samples must be viewed against the detailed
shore-based studies described later in this volume. From
the shipboard studies, it was established that both the
allochthonous and autochthonous Miocene sediments
contained appreciable coaly particles such as vitrinite-
humite and inertinite, indicating a higher plant (or ter-
restrial) input. The Hauterivian (Cretaceous) sediments
contained vitrinite and inertinite particles almost ex-
clusively, with spores being a repetitive minor compo-
nent. This indicates a major higher plant (terrestrial) in-
put to the Cretaceous organic matter (see also Arthur et
al., this volume, table 3). The high vitrinite content of
the sediments is in agreement with the low hydrocarbon-
generating potential inferred from the pyrolysis-fluores-
cence results.

These findings have been essentially confirmed and
extended by shore-based studies (organic geochemistry
shore-based reports, this volume), although higher
estimates of the content of amorphous or sapropelic
kerogen have been made for some of the allochthonous
Miocene sediments, based on microscopy, pyrolysis,
and hydrocarbon extract analysis (Cornford, this
volume).

Inorganic Geochemistry

Shipboard Studies

Pore water analyses conducted on board the
Challenger are given in Table 8. Alkalinity shows a max-
imum at 90 meters, with a corresponding minimum in
Ca* *+ values. The trends are in agreement which those
of rapidly deposited deep-sea calcareous biogenic
sediments (Sayles and Manheim, 1975). Chlorinity
shows a small but significant increase with depth. The
observed increase is somewhat unusual, but has been
found either above evaporites (not possible here) or
where extensive diagenesis has occurred due to mineral
hydration (F. Sayles, private communication). The sedi-
ment magnesium values must be viewed cautiously be-
cause the magnesium value for sea water (wt. mag-
nesium/wt. of chloride), calculated from the data in
Table 8, is high (0.082 as compared to the standard
value of 0.067). Assuming the Mg+ * values are inter-
nally consistent, there is a marked depletion of Mg* *
below 150 meters, as expected for sediments of the type
encountered here (Sayles and Manheim, 1975). The
trend of reduction of alkalinity with depth (Table 8) has
been noted in previously drilled DSDP pelagic sections
(Gieskes et al., 1975).

Shore-Based Studies

Eleven samples from Cores 397-2 to 397-61 were
analyzed by V. Marchig (Hannover) with X-ray spec-
troscopy after dyalizing them to remove soluble salts.
Additionally, the carbonate content was determined by
means of volumetric CO, measurement (Scheibler
method). The analyses of X-ray spectroscopy are given
in Table 9; the analyses of carbonate contents in Figure
9. The samples contain high amounts of carbonate (38
to 76%; mean value of 57% CaCO;). We could not see
trends of carbonate enrichment in any direction.
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TABLE 8
Summary of Shipboard Pore Water Analysis
Approximate

Sample SubBottom  Cyrponated Alkalinity  Salinity ca?t Mg2t cr
(Interval in cm) ZI::) (%) pr (meq/kg) (*fso) © (mmoles/liter) (mmoles/liter) (%/,0)

Site surface sea
water — - 8.4 2.35 36.6 10.96 67.83 20.2
2-3, 144-150 15 56.3 7.6 7.50 349 8.04 60.95 19.2
6-2, 144-150 50 45.7 7.6 17.70 33.0 352 744 19.5
10-5, 144-150 90 59.2 f ] 18.65 33.0 4.70 11.81 19.1
16-5, 144-150 150 37.6 7.6 15.73 32.7 5.77 34.79 19.5
21-3, 144-150 195 50.8 7.4 13.37 324 7.67 3344 19.7
27-3, 144-150 250 73.5 7.6 7.12 32.7 6.59 31.23 20.2
32-3, 144-150 300 61.6 7.7 5.41 33.0 6.47 32.24 20.5
39-4, 140-150 365 75.6 7.6 4.59 333 8.35 32.28 20.5
44-3,1-10 410 66.2 7.8 2.33 33.6 9.25 32.13 20.5
52-5, 140-150 500 49.7 8.1 1.22 34.4 11.72 3261 21.1
61-3, 140-150 585 54.8 8.3 0.77 5.5 17.12 34.06 21.7
66-3, 140-150 630 nd 8.4 0.28 35.2 23.26 2648 21.3

ElAna.lysis on sediments by Marchig BGR, Hannover,
“pH calculated from initial reading of alkalinity titration.
L'S:ll.inity calculated from chlorinity.

From the similarities of changes with depth by con-
tents of different elements, we concluded that the
greatest part of Sr is associated with carbonate, while Si,
Ti, Al, Na, K, Mg, Fe, La, V, Zn, Rb, Zr, and maybe Y,
Cr, Ba, Sc, Ni, Co, Nb, and Ce correlate negatively with
carbonate. The Mn, S, P, Cu, Pb, and Th variation ap-
pears independent of the carbonate content; perhaps
they are distributed between different phases of the sedi-
ment, or they redistribute with diagenesis.

Sr was calculated to CaCO; as 100 per cent; all
elements, the contents of which are more or less parallel
to noncarbonate, are calculated to noncarbonate as 100
per cent. The results are given in Table 10. In the lower-
most line of Table 10, mean values for each element are
given. The approximate chemical compositions of car-
bonate and noncarbonate are derived from these mean
value calculations, to facilitate comparison with other
types of sediments. Carbonate, with a mean value of
0.23 per cent, shows predictable Sr content for marine

carbonates which are not under direct influence of
shallow water.

Most of the mean values for the element contents in
the noncarbonate are between those for deep-sea clays
and clayey silts (Turekian and Wedepohl, 1961). These
findings were not surprising because Site 397 (situated
on the continental slope) is between areas of shallow-
water clayey silts and deep-sea clays.

The elements K, Mg, V, Zr, Cr, and Nb generally are
enriched in our samples, when compared with clayey
silts and with deep-sea clays. Possibly, heavy minerals
have caused the enrichment of these elements.

A qualitative estimate of the amounts of amorphous
silica in the samples with the ratio SiO,/TiO; results in
a curve (Figure 9) which must be compared with
microscopic analyses. Based on these calculations,
samples from Cores 397-2, 397-6, 397-16, and 397-21
contain more amorphous silica than the other analyzed
samples.

TABLE 9
Neutron Activation Analysis (NAA) of Cu and Mn in Pore Waters and Major and Minor Elements of the Sediments From Site 397
Pore Water Sediments®
(NAA) (XRF) lgnit
Cu Mn MnO  Fex03 TiOy CaDd Ko0 SO3 P05 Si0Dp  AlO3  MgO NapO  loss Sr Rb Nb
Core | (ppb)  (ppb) | (%) (%) (%) ) (%) (%) (%) (%) (%) (%) (%) (%) (ppm) (ppm) (ppm)
2 18 249 | 0.040 244 0.331 31.0 145 032 0.14 225 6.67 1572 1:53 30.6 1156 52 15
6 52 24 0.049 2.95 0.403 255 1.77 D43 0.13 28.7 7.93 2.07 1.63 264 989 64 14
10 33 42 | 0.054 2.29 0.338 333 148 026 0.13 202 6.77 1.88  1.08 314 1320 59 7
16 22 38 | 0.052 341 0.466 228 197 0D.58 0.12 33.6 9.12 2.01 147 23.1 890 76 15
21 31 42 ]0.032 2.16 0.312 30,3 1.6 0.25 0.13 25.2 6.28 1.30 1.18 30.1 1212 46 13
27 31 35 | 0.048 1.63 0.213 404 083 040 0.5 125 4.25 1.22 0.70 36.1 1566 34 0
32 36 42 | 0.055 2.09 0.330 36.1 1.24 0.27 0.6 174 6.09 1.45 0.89 333 1398 47 4
39 15 27 | 0.051 1.61 0.224 40.8 0.87 0.28 0.14 125 4.23 1.02 076 36.3 1561 32 2
44 68 60 | 0.039 1.96 0.270 38.3 1.08 0.29 013 155 5.32 1.14  0.69 343 1515 40 5
52 65 54 | 0.089 3.27 0.365 31.8 149 0.6 016 21.7 7.65 1.43 0.82 30.6 1253 64 7
6l 51 67 0.025 2.76 0.378 306 145 031 0.22 244 7.99 1.29 0.83 29.2 1190 67 7

Note: For details of sample depth, etc., see Table 8. Analyses by V. Marchig (BGR, Hannover).

4Sediment residues from pressed out pore waters.
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In addition to chemical analyses of sediment samples,
the pore waters were analyzed for Cu and Mn by means
of neutron activation analysis. The results, given in
Figure 9, show that Cu and Mn in pore waters are
enriched in the samples from Cores 397-44, 397-52, and
397-61. That could be the result of initial diagenetic
changes, although the microscopically visible diagenesis
starts deeper at Site 397 (see Riech, this volume). The
Cu and Mn content also could be altered by changes in
mineral composition.

In addition to the enrichment of Cu and Mn, there is
a strong enrichment of Mn in the pore water in Core
397-2. Such a strong enrichment of Mn can be explained
only by mobilization after burial. It would be of great
interest in the study of the diagenetic behavior of Mn to
know if this strong enrichment is local or can be traced
upward to the sediment/sea water interface.

BIOSTRATIGRAPHY

Nannoplankton

The following age determinations and zonal boun-
daries are based upon smear slides and SEM investiga-
tions. Graphic representation of the biostratigraphy of
Holes 397 and 397A is shown in Figure 10. For a more
detailed presentation and interpretation of the nan-
noplankton data see Cepek and Wind; Wind and
Cepek; Mazzei et al. (all, this volume).

Pleistocene

Pleistocene sediments were recovered in the first 15
cores (0.0 to 136.5 m). The interval from Core 397-1
through Sample 397-2-5, 41 cm (0.0 to 15.41 m) is
placed in the Emiliania huxleyi Zone (NN 21), on the
basis of SEM identification of the first occurrence of the
name species in Sample 397-2-5, 41 cm. Samples
397-2-6, 47 cm through 397-4-2, 41 cm (16.9-29.4 m) are
placed in the Gephyrocapsa oceanica Zone (NN 20),
defined as the interval from the last occurrence of
Pseudoemiliania lacunosa to the first occurrence of
Emiliania huxleyi.

The presence of Pseudoemiliania lacunosa and the
absence of Discoaster brouweri in Samples 397-4-3, 41
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cm through 397-15-3, 100 cm (31.41 to 136.5 m) place
the contained interval in the P. /acunosa Zone (NN 19).
The last occurrence of Discoaster brouweri is con-
sidered to be coincident with the Pliocene/Pleistocene
boundary. We place the NN 18/NN 19 boundary above
the highest continuous occurrence of D. brouweri (at
Sample 397-15-4, 41 cm; 137 m sub-bottom). No
specimens of D. brouweri were observed in Sample
397-15-3, 100 cm. The occurrence of Miocene and
Pliocene discoasters in Sample 397-15-2, 100 cm sug-
gests that the presence of D. brouweri in this sample is
the result of reworking. Approximately one-half of the
samples studied in the Pleistocene section were found to
contain reworked Tertiary and Cretaceous material.

Pliocene

Samples 397-15-4, 41 cm through 397-23-3, 35 cm
(137.41 to 211.85 m) are placed in the three zones con-
stituting the upper Pliocene: Discoaster brouweri Zone
(NN 18), D. pentaradiatus Zone (NN 17), and D. sur-
culus Zone (NN 16). Samples 397-15-4, 41 cm through
397-19-3, 120 cm (137.41 to 174.7 m) contain D.
brouweri and Coccolithus doronicoides, which
characterize the NN 18 Zone. Samples 397-19-4, 15 cm
through 397-19, CC (175.15 to 180 m) contain the
NN 17 nannoflora including D. pentaradiatus. Samples
397-20-1, 10 cm through 397-23-3, 35 cm (180.1 to
211.85 m) are placed in the NN 16 Zone. The interval in-
cludes the highest occurrence of D. surculus. Small
specimens of Reticulofenestra pseudoumbilica are pres-
ent in samples from the lower portion of this interval.
The last occurrence of R. pseudoumbilica is used to
mark the top of the NN 15 Zone. In this paper, we iden-
tify the top of NN 15 as the highest occurrence of large
specimens of R. pseudoumbilica. The stratigraphic in-
terval represented by each of the three Pliocene zones
compares well with the relative thickness of the respec-
tive zones illustrated by Martini (1971).

An apparently complete record of early Pliocene
sedimentation is contained in Cores 397-23 through
397-42 (213.41 to 398.5 m). Samples 397-23-4, 41 cm
through 397-23, CC (213.41 to 218 m) are placed in the
R. pseudoumbilica Zone. This zone represents the inter-

TABLE 9 — Continued

Sediments®
(XRF)

Zr Y Pb Th Ni Co Mn v Zn Cu Cr Ce La Ba Sc
(ppm}  (ppm)  (ppm)  (ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm)
116 19 15 2 52 3 339 63 46 9 44 54 22 432 6
128 28 15 0 64 6 405 69 67 18 60 49 31 526 11
92 20 10 9 50 0 449 63 50 21 43 25 19 526 n
166 23 15 0 49 6 429 73 60 13 63 55 32 522 9
98 17 9 4 57 2 264 53 49 21 47 36 19 404 5
67 16 12 3 38 i} 414 44 24 8 39 43 8 282 0
76 14 11 1 46 0 463 63 33 17 48 40 21 356 0
63 13 22 0 42 0 442 43 21 10 35 25 16 222 0
T2 11 13 2 41 0 318 48 29 L0 45 38 16 230 3
90 17 17 ] 5] 5 731 63 49 23 66 50 25 272 2
117 23 13 4 46 2 209 76 47 8 70 57 3l 235 11
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Figure 9. Carbonate analyses of SiO,-TiO, ratios and
Mn and Cu in pore water at Site 397,

val from the last occurrence of Ceratolithus tricor-
niculatus to the last occurrence of R. pseudoumbilica.
Zone NN 14, defined as the interval from the first oc-
currence of Discoaster asymmetricus to the last occur-
rence of C. tricorniculatus, is represented in Cores
397-24, CC through 397-35, CC (227.5 to 332.0 m).

Samples 397-36-1, 41 cm through 397-42, CC (332.4
to 398.5) are placed in Zones NN 13 and NN 12. The
division of these two zones is defined by the first occur-
rence of Ceratolithus rugosus.The inability to differen-
tiate between these two zones is due to the extremely
poor representation of Ceratolithus.

Miocene (Hole 397)

Samples 397-43-2, 20 cm through 397-56, CC (400.3
to 541 m) are placed in Zone NN 11, based upon the
presence of Discoaster quinqueramus. Many of the well-
preserved nannoplankton floras in Samples 397-57-1, 35
cm through 397-60-2, 21 cm (541.35 to 571.2 m) yield
anomalously old ages when compared with underlying
samples; this interval is regarded as being constituted
largely of slumped material. Allochthonous units within
this interval belong to the Discoaster calcaris Zone (NN
10), defined as the interval from the last occurrence of
Discoaster hamatus to the first occurrence of D. quin-
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queramus. Allochthonous sediments yield nannofloras
containing rare specimens of Catinaster and are placed
in the upper part of the NN 9 Zone and the NN 8 Zone.

The presence of Discoaster hamatus, D. bollii, and
D. pentaradiatus places the interval from Samples
397-61-2, 42 cm through 397-72, CC (589.92 to 693 m)
in the upper part of the NN 9 Zone. The absence of nan-
nofloras of Zones NN 8 and the early part of NN 9 (be-
tween Cores 397-72 and 397-73) indicates the presence
of a hiatus at 693 meters sub-bottom depth. Samples
397-73-1, 83 cm through 75-2, 34 cm (693.83 to
713.84 m) contain Discoaster kugleri, but not specimens
of Ceratolithus coalitus; therefore, this interval is at-
tributable to the D. kugleri Zone (NN 7).

The absence of Sphenolithus heteromorphus and
Discoaster kugleri in Samples 397-75, CC through
397-77-3, 20 cm (721.5 to 734.2 m) suggests placement
of this interval in the Discoaster exilis Zone (NN 6).
Samples 397-77, CC through 397-80-1, 141 cm (740.5 to
760.91 m) are placed in the Sphenolithus heteromorphus
Zone (NN 5), based on the presence of the name species
and the absence of Helicopontosphaera ampliaperta.

Age determination for the interval from Sample
397-80-2, 41 cm through the end of the section cored
at Hole 397 (761.41 to 997 m) is based upon the con-
currence of Helicopontosphaera ampliaperta and
Sphenolithus heteromorphus, which suggests the place-
ment of this interval in the H. ampliaperta Zone (NN 4).
Sphenolithus belemnos, whose extinction datum marks
the close of the NN 3 Zone, apparently was not present
in the area of Hole 397.

Miocene (Hole 397A)

Samples from Cores 1 and 2 were not analyzed.

Cores 397A-3 through Sample 397-A-16-5, 31 cm
(884.0 to 1074.3 m) are considered to be NN 4 and, in
part, a duplication of the section at Hole 397. The inter-
val from Samples 397-A-16, CC through 397A-21-3, 47
cm (1077.5 to 1118.97 m) is placed in the Sphenolithus
belemnos Zone (NN 3), based on the presence of
Helicopontosphaera ampliaperta, Discoaster druggi,
the occasional occurrence of Sphenolithus belemnos,
and the absence of Triguetrorhabdulus carinatus.
Samples 397A-21, CC through 397A-34-1, 70 cm
(1134.0 to 1296.70 m) are placed in the Discoaster
druggi Zone (NN 2). Samples from this, the oldest Ter-
tiary zone encountered, contain Triguetrorhabdulus
carinatus, Helicopontosphaera kamptneri, and D.
druggi.

Cretaceous

The deepest sample containing Tertiary nanno-
plankton is 397A-34-1, 70 cm. Sample 397A-34-1, 75
cm is barren. The highest fossiliferous sample of the
long Cretaceous section is in Sample 397A-34-1, 102 cm.
The shallowest sample yielding sufficient numbers of
specimens for precise age determination is in Sample
397A-34-1, 109 cm.
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Calcareous Nannoplankton Zones m.y.B.P, Sub-Bottom Depth (m)
top base (base of NN Zone)
NN 21 Emiliania huxleyi Zone 0.2 597-1-1, 0cm 3087-2-5, 40-41 cm 15.41
Quat. [\NN 20 Gephyrocapsa oceanica Zone 0.6 397-2-6, 47 cm 397-4-2, 41 cm 29,91
NN 19 Pseudoemiliania lacunosa Zone 1'8 397-4-3, 41 cm 397-156-3, 100 cm 136.50
gg NN 18 Discoaster brouweri Zone 2'5 397-154,41¢cm 397-19-3, 120 cm 174.70
e | & T\NN17| Discoaster pentaradiatus Zone 2°? 397-19-4, 16 cm 397-19, CC 180.00
§ — NN 16 Discoaster surculus Zone 3'5 397-20-1, 10 cm 397-23-3, 34-35 cm 211.85
= !g — NN 15 Reticulofenestra pseudoumbilica Zone 3'3 397-23-4,40-41cm | 397-23, CC 218.00
3 N\ NN 14 Discoaster asymmetricus Zone 4'0 397-24, CC 397-35, CC 332,00
NN 13 Ceratolithus rugosus Zone '
N — -36- -4
NN 12|  Caratolithus tricorniculatus Zone ;g R0 M0 Em | 9BI4E.00 398.50
§ NN 11 Discoaster quinqueramus Zone 307-43-2, 20 cm 397-56, CC
=
95 541.00
NN 10 Discoaster calcaris Zone 397-57-1, 34-36 cm | 397-60-2, 21 cm 571.21
L™ NNO | Discoaster hamatus Zone :;g 397612, 4142 om | 39772, CC 693.00
—"NN 8 Catinaster coalitus Zone 12‘2 Hiatus 693.83
2 . NN 7 Discoaster kugleri Zone 1 3'0 397-73-1,83 cm 397-75-2, 33-34 cm 713.84
S|3| NN6| Discoaster exilis Zone 397-75, CC 397-77-3, 19-20 cm 734.20
S|z 14.0 .
— NN 5 Sphenolithus heteromorphus Zone 397-77,CC 397-80-1, 140-141 cm
17.0 760.91
NN 4 Helicopontosphaera ampliaperta Zone 397-80-2, 40-41 em | 397A-16-5, 30-31 cm 1074.30
— [
g — NN 3 Sphenolithus belemnos Zone :36 397A-16, CC 397A-21-3, 46-47 cm 1118.97
o »
=t NN 2 Discoaster druggi Zone 397A-21,CC 397A-34-1, 70 cm 1296.71
20.5 -
NN 1 Triquetrorhabdulus carinatus Zone
; L - - : 24.0
Oligo, NP 25 Sphenolithus ciperoensis Zone
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Figure 10. Biostratigraphic zonation used at Site 397, based on calcareous nannoplankton.
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Slumping

No evidence of slump phenomena is recorded above
Section 397-57-3. The interval from Sections 397-57-3 to
397-61-5 is characterized by numerous slumps; whereas,
the interval from Cores 397-62 to 397-72 has evidence of
slumping only sporadically. Shore-based investigations
support these shipboard observations. The succession of
faunal assemblages in the samples examined from the
“‘normal’’ hemipelagic sediments and from the slump
intervals does not follow the principle of stratigraphic
superposition (see Figure 11). A sharp contrast was no-
ticed between the assemblages of planktonic foramin-
ifers contained in autochthonous Tortonian sediments
(referable to Zone N.16 of Blow, 1969) and some of the
taxa from the slump intervals, which indicate ages cor-
relatable with Zone N.14 (Serravallian or older). The
latter assemblages include Cassigerinella chipolensis,
which ranges from Zones P.18 to N.13, Globigerinopsis
aquasayensis (N.10 to N.13), Clavatorella bermudezi
(N.8 to N.10), Globigerinoides subquadratus (N.5 to
N.13), Globigerina druryi (N.7; according to the present
paper N.14), Sphaeroidinellopsis disjuncta (N.7 to
N.13, according to Salvatorini and Cita, this volume),
Globorotalia siakensis (N.2 to N.14), G. praemenardii
praemendardii (N.10 to N. 13), G. peripheroronda (N.6
to N.12), G. peripheroacuta (N.10 to N.13), G.
praefohsi (N.11 to N.13), and G. fohsi s.l. (N.12 to
N.13). It is likely, however, that at least part of the
slumps contain taxa (as allochthonous elements)
younger than Zone N.13 and occasionally species in-
dicative of correlations as young as the earlier part of
Zone N.16.

Reworking From Older Formations

Reworking from older formations is minor in the up-
per part of the section (from Core 397-54, upwards),
which we consider unusual in an upper continental rise
setting. Evidence of reworking from the late Pliocene
has been recorded in the early Pleistocene (Core 397-12,
see discussion under Submarine Erosion, below).

Reworking from the early Pliocene (M P1 3 Zone of
Cita, 1975) into the late Pliocene (M P1 4 Zone) occurs
in Core 397-27 (where Globorotalia margaritae was
found in all but one section); its LAD occurs in Section
397-29-1. See Mazzei et al. (this volume) for further
discussion on this topic.

Specimens reworked from pre-Neogene sediments
(Upper Cretaceous Globotruncanids and Heteroheli-
cids; Paleogene Globorotalias) are rare and essentially
limited to the lower part of the succession, where the
presence of terrigenous components is conspicuous.

Strong reworking from Neogene sediments is record-
ed in the interval containing slumped beds (see above).
Less obvious and occasionally confusing reworking
from Neogene sediments is noted at various depths.
We consider sparse specimens of S. disjuncta in
Cores 397-57 to 397-54, an interval immediately over-
lying the slump phenomena, to have been reworked.
Sphaeroidinellopsis disjuncta, which evolves into S.
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subdehiscens at the base of Zone N.13, persists for a
short interval even after this evolutionary transition was
completed: indeed, we did not consistently record this
taxon above Section 397-73-1, a distribution in good
agreement with that recorded by Jenkins (1971) in New
Zealand, where the taxon disappears along with G.
fohsi and G. praemenardii praemenardii.

C. chipolensis probably also is reworked, as recorded
in levels referable to Zones N.13 and N.14 where we al-
so found evidence of terrigenous input. In Sample
397-72-1, 51-53 cm, C. chipolensis is associated with
rare, reworked specimens of G. fohsi robusta. Except
for a few of these reworked examples, the range of C.
chipolensis at Site 397 is very similar to that recorded
in the Mediterranean (Malta, see Giannelli and Sal-
vatorini, 1972; DSDP Site 372, see Cita et al., 1978),
ranging as high as Zone N.9.

Another example of confusing reworking is that of
G. siakensis in Cores 397-70 to 397-68, where the taxon
co-occurs with typical specimens of G.acostaensis acos-
taensis. The distinction between the latter species from
immature specimens of G. siakensis is facilitated by dif-
ferences in their coiling direction (consistently dextral =
G. acostaensis, sinistral = G. siakensis). Most in-
vestigators agree that the ranges of these two taxa do
not overlap (see Blow, 1969; Bronnimann and Resig,
1971; Postuma, 1971; Stainforth et al., 1975; inter
alias); the biostratigraphic interval corresponding to
Zone N.15 is characterized by the absence of both taxa,
so that we could not identify Zone N.15 at Site 397.
Specimens of G. siakensis in Cores 397-70 to 397-68, co-
occurring with G. acostaensis, are interpreted here as
reworked, also taking into account the occurrence of
slumps in this interval (i.e., Samples 397-68-3, 49-51 cm
and 397-70-1, 49-51 cm). In Samples 397-68-1, 50-52 cm
and 397-69-2, 56-59 cm, we recorded other taxa re-
worked from older Neogene sediments; besides G.
siakensis, these include G. praemenardii praemenardii,
G. praefohsi, G. fohsi, G. mayeri, G. subquadratus,
and G. aguasayensis.

Downslope Displacement

Evidence of downslope displacement is strong in the
benthic assemblages (see Lutze, this volume). In our
samples investigated for planktonic foraminifers, we
recorded benthic forms indicating entirely different and
mutually exclusive biotopes associated in the interval
from Cores 397-97 to 397-83, as well as strong evidence
of coarse terrigenous input. Taxa involved in displace-
ment include the genera Ammonia, Elphidium, Am-
phistegina, Asterigerinata, Cibicidina, and Florilus.
Associated with these displaced forms are abraded
fragments and/or entire specimens of mollusks, echi-
noids, bryozoa, ostracodes, and otoliths.

Displaced benthic populations also occur in Cores
397-77, 397-73, 397-72, and 397-56, consistently from
levels rich in inorganic components.

Though downslope displacement of planktonic for-
aminifers also occurred, it is almost impossible to
discriminate its effect from pelagic fallout.
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Figure 11. Columnar log of Core 397-58 (550.5 to 560 m sub-bottom), where slumped sediments are dominant. Assign-
ments to the foraminiferal zones of Blow’s ‘‘standard’ zonation are shown by arrows to the left. The normal
hemipelagic sediment from the undisturbed layers is referable to Zone N. 16, whereas faunal assemblages from the
slumps belong to discrete biozones of the middle Miocene (Serravallian age). This time interval is only partially
represented in the underlying succession (Cores 397-71 to 397-77).

Dissolution at Depth

Evidence of dissolution at depth is noted in upper
Miocene and lower Pliocene intervals, from Cores
397-66 to 397-39. Dissolution is more profound in the
Messinian and upper Tortonian, and is particularly evi-
dent in Cores 397-44, 397-52, 397-54 and 397-56, as
shown by both the weight of the coarser sediment frac-
tion (see Cita and Spezzibottiani, this volume) and the
preservation of planktonic foraminiferal shells. In this
interval, the biogenic fractions are very limited as to the
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number of species and individuals; foraminiferal tests
are often fragmented and dissolved.

In the lower part of the Miocene, where debris flows
are present (lithologic Unit 4), no evidence of dissolu-
tion at depth is recorded. The dissolution curves con-
structed for the North Atlantic indicate a maximum
dissolution in the middle Miocene. Consider the follow-
ing observations: (1) the present-day depth of the Cape
Bojador drill site is only 2900 meters; (2) there is no
evidence whatsoever of uplift in the area since Miocene
times; (3) the present-day CCD for the North Atlantic is




4500 meters; and (4) the estimated CCD for the late
Miocene in the Atlantic was 3800 meters (Berger and
von Rad, 1972). On the basis of these considerations, we
tentatively conclude the following: (a) the middle
Miocene dissolution cycle is only partially expressed at
Site 397 because of the rapid burial of the sediments
which were subtracted from the aggression of under-
saturated bottom waters; and (b) the strongest dissolu-
tion recorded in the uppermost Miocene may be related
to an expansion of continental glaciation in Antarctica
as reported by Hays, Frakes, et al. (1974).

Preservation

Preservation of fossils is good in the upper part of the
drilled interval, good to moderate relative to the inter-
vals affected by dissolution and slumping (Cores 397-39
to 397-71). From Cores 397-73 to 397-85, the foraminif-
eral assemblages are fairly rich, but specimens display
recrystallized tests, often encrusted and mechanically
deformed. From Core 397-85 downwards, with just a
few exceptions, preservation is poor and planktonic
foraminifers are by far less common than in the overly-
ing interval.

Submarine Erosion

Biostratigraphic evidence for submarine erosion is
recorded between Cores 397-70 and 397-71. The latter is
referable to Zone N.14 on the basis of co-occurrence of
Globigerina nepenthes and Globorotalia siakensis. The
former is referred to Zone N.16, because it yields typical
specimens of G. acostaensis. The FAD? of this taxon is
considered a reliable datum plane. Because the samples
were selected carefully from the interior of the cores and
did not include core-catcher samples (where downhole
contamination is likely to occur), we consider highly
unlikely the possibility of an artificially induced lower
record of the taxon. In Section 397-70-3, along with G.
acostaensis, Globigerina digitata praedigitata and G.
calida praecalida also appear (two taxa which indicate a
post-Zone N.15 age); at the top of Core 397-71, we did
not record specimens transitional from G. continuosato
G. acostaensis, as should be expected in an interval im-
mediately predating the FAD of the latter taxon.
Therefore, we conclude that Zone N.15 and probably
also the topmost part of Zone N.14 are missing at Site
397.

We have biostratigraphic evidence of additional sub-
marine erosion between Cores 397-78 and 397-77. The
latter is referable to Zone N.11 (or to the latest part of
Zone N.10); the former belongs in part to Zone N.8
(Sections 397-78-4 and 397-78-3), in part to the lower-
most part of Zone N.9 (Sections 397-78-1 and 397-78-2).
This hiatus is substantiated by the simultaneous disap-
pearance of several taxa at the top of Core 397-78 (such
as Praeorbulina spp., Globigerinoides sicanus,
Globorotalia praescitula, and G. praemenardii ar-

3The terms FAD and LAD are used in the present report as abbre-
viations for First Appearance Datum and Last Appearance Datum,
respectively.
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chaeomenardii), and by the first occurrence of several
new taxa in the lower part of Core 397-77 (Orbulina
universa, Globorotalia peripheroacuta, and G. prae-
menardii praemenardii). In terms of Blow’s zonation,
this hiatus encompasses all or part of Zone N.10 and
most of Zone N.9.

Other (minor) hiatuses occur higher in the drilled in-
terval: one in the Quaternary (Core 397-12), another
one in the upper Pliocene (Core 397-25). These hiatuses
cannot be documented biostratigraphically because
their duration is less than the duration of a single
foraminiferal biozone. Evidence supporting a hiatus at
the base of Core 397-25 comes from paleomagnetic
stratigraphy analyses (see Hamilton, this volume) and
from physical properties studies (Mountain, this
volume). Indeed, the later part of the Gauss Normal
Epoch appears unusually reduced, whereas a drastic
change is recorded between Cores 397-25 and 397-26,
both in shear strength and in acoustic impedance. The
only foraminiferal evidence favoring such a hiatus is the
short duration of Zones M P1 5 versus M Pl 6 and
M P1 4. In other words, the interval postdating the
LAD of Sphaeroidinellopsis spp. and predating the
LAD of Globigerinoides obliquus extremus appears
reduced, and the missing part is likely to be the lower
portion of Zone M P1 5, where Globigerinoides obli-
quus extremus is more abundant.

Indirect biostratigraphic evidence for the existence of
a hiatus is found in Core 397-12: (1) the seismic profiles
show an angular unconformity; (2) a sharp change in
physical properties was recorded; (3) the extension of
the reversed polarity interval of the Matuyama Epoch
predating the Jaramillo event appears anomalously
restricted in comparison with the usual record; and (4)
there is extended reworking of microfossils.
Globorotalia miocenica, whose LAD is recorded within
Zone M P1 6 in Section 397-19-1, is consistently found
in several sections of Core 397-12.

Biochronology

Quaternary

The Quaternary section continuously cored at Site
397 is approximately 137 meters thick.

The Pliocene/Pleistocene boundary is located be-
tween Samples 397-15-3, 50-52 cm and 397-15-4, 50-52
cm, on the basis of the first evolutionary occurrence of
Globorotalia truncatulinoides, which defines the N.21/
N.22 zonal boundary in Blow’s (1969) standard zona-
tion.

The evolution of Globorotalia truncatulinoides from
G. tosaensis was poorly represented at Site 397, but
could be followed step-by-step in Core 397-15 where it is
abundant, as documented in Plate 1. In the upper part
of the core, there is an overlap of both taxa. The FAD
of Globorotalia truncarulinoides occurs in Section
397-15-3, and virtually coincides with a reversal in
magnetic polarity which is interpreted as the base of the
Olduvai event (see Hamilton, this volume), as well as
coinciding with the LAD of Discoaster brouweri (see
Cepek and Wind, this volume).
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No zonal subdivision has been applied to the Quater-
nary section, which is referred in its entirety to the
Globorotalia truncatulinoides total range zone, which
extends to the present.

Quantitative micropaleontological analyses were con-
ducted (see Cita and Colombo, this volume) on two
test intervals, each one consisting of nine consecu-
tive samples (one per section). The polar assemblage
(left-coiling Globigerina pachyderma) is represented
by quite low percentages in both test intervals. The sub-
polar (right-coiling G. pachyderma + G. bulloides
+ Globigerinita glutinata), subtropical (Globorotalia
truncatulinoides + G. inflata + Globigerina falconen-
sis + G. calida), tropical (Globigerinoides sacculifer
+ G. ruber + Hastigerina siphonifera + Globorotalia
menardii + Pulleniatina obliquiloculata) and gyre
margin assemblages (P. obliguiloculata + G. menardii
+ G. inflata + G. sacculifer + G. tenellus) are present
in variable amounts.*

Climatic fluctuations have a larger amplitude in the
upper Quaternary (first test interval, encompassing
Cores 397-2 and 397-3, later part of the Brunhes
Epoch), than in the lower Quaternary (second test inter-
val, Sections 397-7-6 to 397-9-2, later part of the
Matuyama Epoch). In the lower Quaternary, the gyre
margin assemblage constitutes an excess of 40 per
cent of all assemblages, with Globorotalia inflata
dominating. Qualitative micropaleontological investi-
gations (carried out on 90 samples from Core 397-1 to
Section 397-15-3) showed that Globorotalia trun-
catulinoides is present throughout the section and is
dominantly dextral, although episodes with dominate
left-coiling specimens were recorded (Cita and Colom-
bo, this volume). Globorotalia menardii, recorded in 19
of the 90 samples investigated, is always accompanied
by faunal assemblages indicating warm superficial
water, and by 80'® depleted carbonates as measured on
tests of benthic foraminifers (Shackleton and Cita, this
volume).

Pliocene

The Pliocene section continuously cored at Site 397
consists of hemipelagic sediments yielding considerable
amounts of siliceous skeletal elements down to Core
397-32. The carbonate content, which essentially con-
sists of calcareous zooplankton and phytoplankton, in-
creases consistently as a function of depth in the
Pliocene (Cita and Spezzibottiani, this volume), with
fluctuations which are interpreted as climatically
modulated. The total thickness of the Pliocene, from
Section 397-15-3 (~137 m sub-bottom) to the base of
Core 397-42 (~398 m) is approximately 260 meters, or
twice as large as that of the Quaternary. From top to
bottom, the following biozones could be identified.

M P1 6 (Globorotalia inflata Zone of Cita, 1975):
Samples 397-15-4, 50 cm to 397-20-6, 20 cm: The
nominal taxon is not recorded throughout the biozone,

4The distinction of the faunal assemblages is after Thiede (in
press).
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whose base is defined by the LAD of Globigerinoides
obliquus extremus. Actually, the lowest record of
typical specimens is recorded in Section 397-17-2
(primitive forms down to Section 397-18-2). Within this
interval, the following extinction horizons previously
correlated with paleomagnetic stratigraphy were record-
ed: LAD of Globorotalia exilis in Section 397-18-1;
LAD of Globorotalia miocenica in Sample 397-18, CC.
Foraminiferal assemblages are rich and highly diver-
sified, yielding Globigerina apertura, Globorotalia hir-
suta, Globigerinoides elongatus, G. ruber, Hastigerina
siphonifera, Globigerina eggeri, etc.

M P1 5 (Globigerinoides elongatus Zone of Cita,
1975): Samples 397-21-1, 20 cm to 397-24, CC: This
biozone at Site 397 appears reduced in thickness in com-
parison with Mediterranean sections (DSDP Site 132;
Capo Rossello section, Sicily; see Cita and Gartner,
1973). Pyrite is common to abundant in the coarse sedi-
ment fraction from this interval, where the faunal diver-
sity is large; taxa include Globorotalia miocenica, G.
multicamerata, G. crassformis, G. puncticulata padana,
Globigerina apertura, G. eggeri, Globigerinoides obli-
quus extremus, G. ruber, G. sacculifer, G. conglobatus,
etc.

M P1 4 (Sphaeroidinellopsis subdehiscens partial
range zone of Cita, 1975): Samples 397-25-1, 50 cm to
397-28, CC: The upper boundary of this zone is defined
by the LAD of the genus Sphaeroidinellopsis, which is
consistently recorded lower in the section. We found
evidence within this zone of reworking from slightly
older strata, as supported by the recorded scattered oc-
currence of Globorotalia margaritae (whose LAD
defines the base of the zone) and of Globigerina nepen-
thes in several sections of Core 397-27 (see above).
Globorotalia cultrata menardii, G. fimbriata, G.
multicamerata, G. cultrata limbata, G. crassaformis, G.
emiliana, and G. puncticulata padana are commonly
recorded within this interval. The occurrence of Globo-
quadrina altispira is much more scattered than that of
Sphaeroidinellopsis; however, the last occurrences of
both taxa virtually coincide.

M P1 3 (Globorotalia margaritae/G. puncticulata
concurrent-range zone of Cita, 1975): Samples 397-
29-1, 50 cm, to 397-35, CC. In this interval, we
noticed a strong decrease in pyrite abundance in
comparison with the overlying section, whereas the
(average) carbonate content steadily increases downhole
(Cita and Spezzibottiani, this volume). The composition
of the faunal assemblages is similar to that of Zone
M P1 4, with the addition of Globorotalia margaritae
which is represented by the subspecies margaritae
evoluta and also primitiva. Its record, however, is not
continuous in Core 397-30. Globorotalia tumida is occa-
sionally recorded.

A detailed description of this biochronology of Cores
397-32 to 397-97, including a range chart based on a
semiquantitative study of 228 samples, is presented by
Salvatorini and Cita (this volume); only a few comments
are included here. Globigerina nepenthes Zone is de-
fined by Salvatorini and Cita as the interval with
the nominal taxon from the FAD of Globorotalia



margaritae to the FAD of G. puncticulata; this zone
extends from Section 397-36-1 to 397-45-1. The
Miocene/Pliocene boundary falls within this biozone;
our best location is in Core 397-42 (see discussion in
Mazzei et al., this volume).

Miocene

Sphaeroidinellopsis seminulina paenedehiscens Z.one:
Sections 397-45-2 to 397-52-5. Defined by Salvator-
ini and Cita (this volume) as the interval from the FAD
of the nominal taxon to the FAD of Globorotalia
margaritae. This zone corresponds approximately to
Zone N.17 of Blow’s (1969) standard zonation, whose
definition of the lower boundary is highly controversial.
We consider it likely that the lower boundary of the S.
seminulina paenedehiscens Zone postdates the lower
boundary of Zone N.17. The latter has been calibrated
by Ryan et al. (1974) with the lower part of paleomag-
netic Epoch 7. Section 397-52-5, where the zonal bound-
ary under discussion is defined, is correlated with the
later part of Epoch 7 (see Hamilton, this volume;
Mazzei et al., this volume).

Globorotalia acostaensis acostaensis-G. merotumida
Zone N.16: Section 397-52-6 to Sample 397-70, CC:
This zone has been amended by Salvortini and Cita (this
volume) in its upper limit, which is here defined by the
FAD of G. seminulina paenedehiscens instead of the
FAD of Globorotalia tumida plesiotumida. Within this
biozone is a 35-meter-thick interval (Sections 397-57-3
to 397-61-2) which is rich in slumps. The lower boun-
dary of this biostratigraphic unit is interpreted as being
erosional (see above, under Submarine Erosion).

Globigerina nepenthes/Globorotalia siakensis Zone
N.14: Sections 397-71-1 to 397-72-2: The thickness of
this biozone is limited at Site 397; Zone N.15 is missing
altogether. Also the older biozones of the middle
Miocene (i.e., N.13, N.12, N.11; Serravallian in age) are
strongly reduced, which means that part of the
sediments have been eroded. It is noteworthy that the
slumped sediments encompassing Cores 397-57 to
397-61 (see Figure 11) are middle Miocene and belong to
the biozones which are missing, or incompletely record-
ed, lower in the section (Cores 397-71 to 397-77). This is
a clear indication of slope instability during middle
Miocene times.

Sphaeroidinellopsis subdehiscens/Globigerina druryi
Zone N.13: Sections 397-72-36 to 397-74-1: This
biozone is strongly reduced, as are the preceding and
following ones (see fig. 9 of Salvatorini and Cita, this
volume).

Globorotalia fohsi Zone N.12: Section 397-74-2 to
Sample 397-75, CC.

Globorotalia praefohsi Zone N.11: Section 397-76-1
to Sample 397-77, CC: The boundary with the underly-
ing Zone N.10 cannot be precisely located because the
lithology is highly unfavorable to the development of
planktonic foraminifers, especially the Globorotalia
JSohsi group, so that it is possible that part of Zone N.10
is also present. The base of the biozone is interpreted as
being erosional. See Salvatorini and Cita (this volume)
for further discussion.
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Orbulina suturalis/Globorotalia peripheroronda
Zone N.9: Section 397-78-2: Only the earliest part of
this zone is present. The evolutionary trend leading
from Globigerinoides sicanus to Orbulina via Praeor-
bulina glomerosa (with subspecies) could be followed
fairly well in its various steps at Site 397 (see fig. 1 of
Salvatorini and Cita, this volume) notwithstanding the
lithology which was not always favorable.

Globigerinoides sicanus/Globigerinatella insueta
Zone N.8: Section 397-78-3 to Sample 397-89, CC: The
lower boundary of Zone N.8 is defined by the FAD
of Globigerinoides sicanus. This taxon, however, has
been recorded in earlier horizons of the lower Miocene,
i.e., from Zone N.6 (Bronnimann and Resig, 1971) or
from levels correlated with Zone N.7. In the present
report, we identify the N.8/N.7 zonal boundary with
the FAD of typical specimens referable to G. sicanus, as
illustrated in Salvatorini and Cita (this volume). The
lowest recorded occurrence of these typical specimens is
in Sample 397-89, CC.

Consequently, the underlying cores are referred to
Zone N.7, though specimens identified as G. cf. sicanus
are recorded as low as Sample 397A-17-3, 96-99 cm.

Globigerinatella insueta-Globigerinoides quadrilo-
batus trilobus Zone N.7: Section 397-90-2 to Core
397-97: Due to the scantiness and poor preservation
of planktonic foraminiferal assemblages, the zonal
boundaries (particularly, the lower boundary) are only
tentatively identified. The lowermost part of the se-
quence is provisionally referred to foraminiferal Zones
N.5/N.6. The scattered occurrence of Globigerinita
dissimilis does not allow for a precise location of the
N.6/N.7 zonal boundary, which is defined by the ex-
tinction horizon of the aforementioned taxon. No
evidence of the lowermost Miocene biozone has been
found, characterized by the concurrent range of Glo-
bigerinoides quadrilobatus primordius and of Globoro-
talia kugleri. Representatives of the genus Globiger-
inoides (as reccrded down to Core 397A-22) include G.
quadrilobatus trilobus and G. quadrilobatus altiaper-
turus, whose first occurrence is definitely younger than
the so-called Globigerinoides datum. The lowermost
part of the lower Miocene section (Burdigalian is age) is
almost barren. Several samples are semilithified, e.g.,
Sample 397A-11, CC, which also yields a rich popula-
tion of perfectly preserved tests of benthic foraminifers
(Buliminids). The nature of the early diagenesis leading
to lithification of the sediments without concomitant
alteration of the foraminiferal tests is unknown.

Cores 397A-16 and 397A-17 are of special interest:
they essentially consist of ‘‘facies 4’’ brown mudstone,
which is interpreted as allochthonous (mudflow) and
yields abundant displaced benthic foraminifers and
pelecypods, and well-preserved (empty tests) planktonic
foraminifers, indicating a Burdigalian (N.6? Zone) age.

Intercalated within the brown mudstones in con-
torted lumps and stripes is an originally autochthonous,
burrowed, pelagic, biogenic, pale gray sediment. The
sand-size fraction is essentially biogenic and consists of
late Oligocene planktonic foraminifers of Globorotalia
opima Zone P.21 with G. opima opima, Globigerinita
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dissimilis, C. unicavus, Globigerina venezuelana etc.
Seven samples have been investigated from Cores
397A-16 and 397A-17. All those from the pale gray
lithology are late Oligocene, whereas from the dark
brown and green lithology (mud flows) are early
Miocene. A similar finding of a pure Zone P.21 faunal
assemblage was recorded in Sample 397A-10-4, 197 cm.

Early Cretaceous

A spectacular 110-m.y. hiatus occurs in Section
397A-34-1 at 1300 meters sub-bottom.

The 154-meter-thick Lower Cretaceous section pene-
trated consists of pale olive-gray to blue-gray mud-
stones and siltstones, unburrowed and showing pro-
gressively more lamination downward, followed by
a blue-gray silty mudstone with sideritic intercalations
(Cores 397A-51 and 397A-52). The foraminiferal con-
tent is sparse and limited to Cores 397A-39, 397A-41,
397A-46, 397A-47, and 397A-49. They are primitive,
small Globigerinids referred to ‘‘Globigerina’’
hoterivica and to “‘Globigerina’ cf. infracretacea. The
range of both species in the Early Cretaceous is pre-
Aptian (cf. also Rosler et al.; Butt; Basov et al.; all,
this volume). The tests are often filled with pyrite crys-
tals and partly broken or dissolved. They are fragile.

Benthic Foraminifers

Neogene and Quaternary’

Abundance and Preservation

Benthic foraminifers are generally not abundant in
deep-sea sediments; they usually constitute <1 per cent
of the total foraminiferal population in well-preserved
sediments. In most of the core-catcher samples of Holes
397/397A, however, the proportion was much higher
for two reasons. First, selective dissolution of plankton-
ic shells (Parker and Berger, 1971), as indicated by a
comparatively high degree of fragmentation, which in-
creases from the lower Pleistocene to the Pliocene and
reaches highest values in the upper Miocene (>50%
fragments; Diester-Haass, this volume). Second, dilu-
tion by displaced shallow-water faunas, which bear
higher percentages of benthic foraminifers according to
their original habitat. Only a few samples from the
lowermost Miocene (Samples 397A-26, CC to 397A-28,
CC and 397A-31, CC to 397A-33, CC) were practically
barren of benthic foraminifers. Few or no autochtho-
nous benthic foraminifers were recorded in many
samples throughout the middle-lower Miocene interval
with downslope transport of sediments.

The preservation of the tests was excellent in the up-
per Pleistocene and deteriorated slowly down to the
middle Miocene. Fossilized tests (i.e., filled chambers)
were observed initially in Samples 397A-71, CC and
397A-75, CC. Reworked Eocene Uvigerinas were al-
ways fossilized. Compressed tests are frequent in the

This study is based on core-catcher samples, with the exception of
the Pleistocene (Lutze, this volume).
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lower Miocene autochthonous facies, i.e., in Samples
397A-20, CC and 397A-25, CC. However, displaced
shallow-water foraminifers, which form the major pro-
portion in the slump and mudflow sediment facies of
the middle and lower Miocene, are always perfectly
preserved in spite of being deeply buried as long or
longer than the corroded or fossilized autochthonous
foraminiferal tests. The constant alternation between
well-preserved allochthonous and fossilized lower
bathyal autochthonous faunas (facies 5, sedimentolog-
ically) suggests that diagenesis occurred shortly after
deposition and that chemical conditions responsible for
the alteration (interstitial water properties) were present
only at the original depositional site. Apparently, they
were not achieved after sediment transport and redep-
osition from shallow water. The amount of overlying
sediments (total thickness exceeds 1000 m) seems to play
a lesser role than anticipated (compare also Riech, in
Sediment Summary Chart 1, back pocket, this volume).

Biostratigraphy

Our present knowledge on ranges and geographic
distribution of Neogene deep-water benthic foramini-
fers is meager; therefore, biostratigraphic information
supplied by benthic foraminifers is insufficient for
precise age determination. One important prerequisite
for their possible future utilization is a worldwide inter-
ocean distribution of deep-water species. Results from
Holes 397, 397A, and 369 (DSDP Leg 41: Lutze, 1978)
clearly show indications for inter-ocean distribution.
More than 50 per cent of the Neogene species described
by Douglas (1973) from the central North Pacific (Leg
17) are also present in this part of the Atlantic. Nearly
all of the typical lower-middle bathyal species men-
tioned by Ingle (1973) from the northwestern Pacific
(Leg 18) are present at Sites 397 and 369. It is hoped that
future legs may supply sufficient additional information
to establish a benthic zonation for deep-sea Neogene
and Quaternary sediments.

At Site 397, the Neogene-Quaternary section may be
subdivided by means of benthic foraminifers into six
units (see Figure 12).

Unit NB 1 is characterized by the long-ranging
species Oridorsalis umbonatus and Cibicidoides robert-
sonianus. The base cannot be fixed for correlation pur-
poses because of the lower Miocene/Lower Cretaceous
hiatus.

The base of Unit NB 2 is defined by the first occur-
rence of Bolivina multicostata, Rectuvigerina multi-
costata opima, and Pyrgo murrhina. This coincides with
the first appearance of volcaniclastic conglomerates and
sandstones in the upper-lower Miocene (N.8/NN 4).

Unit NB 3 begins with the first occurrence of
Cibicidoides wuellerstorfi, Sigmoilopsis schlumbergeri,
and Uvigerina peregrina s.1. It corresponds roughly
with nannofossil Zones NN 9 to NN 11 and planktonic
foraminiferal Zones N.12 to lower N.16 (Serravallian to
lower Tortonian).

The base of Unit NB 4 is marked by the disap-
pearance of Bolivina multicostata, the top by the local
disappearance of Bulimina alazanensis (as at Site 369),
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Figure 12. Neogene benthic foraminifers: autochthonous lower-middle bathyal fauna and displaced shelf fauna

(cross-hatched bars). The width of the bars corresponds roughly to the number of displaced species identified. The

number of recorded displaced species (broken line) reaches its maximum between 900 and 1000 meters. The study is

based on the greater than 150 mm fraction of the core-catcher samples.
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and the first occurrence of Hoeglundina elegans. This
unit corresponds with nannofossil Zones NN 11 to NN
14 and planktonic foraminiferal Zones N.17 to N.19,

Unit NB 5 begins with Hoeglundina elegans and scat-
tered occurrences of Parafrondicularia advena. 1t refers
to the nannofossil Zones NN 15 to NN 19 and the
foraminiferal Zones N.21 to N.22.

Unit NB 6 corresponds with the glacial Pleistocene
and the Brunhes Magnetic Epoch. It begins with the
first appearance of Bulimina aculeata and the disap-
pearance of typical Pliocene species like Stilostomella
sp. sp., Pleurostomella acuminata, Parafrondicularia
advena, Orthomorphina 397, and Ellipsoglandulina
laevigara.

Further subdivisions of the Pleistocene are tentatively
suggested (see Lutze, this volume). The ranges used for
this provisional and local zonation were compared with
known ranges given in the above-cited literature. The
following similarities and differences might be noted:
(1) The first occurrence of Cibicidoides wuellerstorfi at
Sites 167 and 171 of the central North Pacific (Douglas,
1973) dates middle Miocene N.12, which is exactly the
time of its first appearance in the Atlantic. Also, no
earlier occurrence of this species off Alaska was ob-
served by Ingle (1973); (2) Pyrgo murrhina has its first
occurrence in the Pacific in Zone N.9 (middle Miocene),
and it appears rarely in N.8 at Site 397. However,
according to Douglas, the range of this and similar
miliolid species might be altered by selective dissolution
of the porcellaneous chamber walls; (3) C. robertso-
nianus has its first occurrence in the Pacific in N.5/6
(lower Miocene), and is present throughout the Site 397
section which begins within this same time interval; and
(4) long-ranging species in the Quaternary and Tertiary
of the Pacific include abundant species like Oridorsalis
umbonatus, which is also common throughout the en-
tire section at Site 397.

It was not possible to apply the zonation suggested
for Site 369 (1700 m water depth), which was drilled
close to the present site but in much shallower water
(Lutze, 1978). The boundaries of NB 1/NB 2 and NB
2/NB 3 correlate quite well, but ‘‘index species’’ for
Units 4 and 5 are either absent (e.g., the slope species
Uvigerina auberiana) or show different ranges (like
Bolivina multicostata and Rectuvigerina multicostata
opima, which persist up to the margaritae Zone at Site
369). Such restricted ranges might reflect a response to
the cooling of bottom water in the late Miocene
(Shackleton and Kennett, 1974, p. 748). This cooling
resulted in an upward shift of the lower depth limits of
slope species.

A broad species concept had to be applied in this
study. The usage of ‘‘stage restricted’’ species names
was avoided.

Paleobathymetry
Introduction: The distribution of benthic foramini-

fers reflects water-mass distribution rather than ab-
solute depth. Off western Africa, several dominant
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species (e.g., Uvigerina peregrina and Cibicidoides
kullenbergi) show even, vertical distribution boundaries
instead of horizontal ones (Lutze, this volume). It is not
possible, therefore, to explain temporary disappear-
ances of lower bathyal species (e.g., Melonis pom-
piliodes) by epeirogenetic uplift and subsidence. Never-
theless, well-known differences between shelf and
lower-middle bathyal (LMB) faunas allow a clear defini-
tion of displaced shelf material, at least down to the
Pliocene. This approach was tentatively extended in this
study to interpret the displaced Miocene sediments of
the lower part of the section at Hole 397 (see Table 11).

Autochthonous: The depth classification used in this
study is taken from Ingle (1973). Species indicative of
LMB to LB environments (i.e, 15004000 m water
depth) are: Melonis pompilioides, Osangularia cultur,
Cibicidoides robertsonianus, Gyroidina orbicularis,
Cibicidoides kullenbergi, Pyrgo murrhina, C. wueller-
storfi, Bulimina alazanensis, Pullenia bulloides, Lati-
carinina pauperata, Anomalina globulosa, Gyroidina
lamarckiana.

Most of these species occur throughout the authoch-
thonous parts of the section at Site 397. They indicate
water paleodepths similar to those at present, or at least
not shallower than 1500 meters. In facies 5, as defined
by the sedimentologist group, these and related species
form the entire benthic foraminiferal population. In the
slump and mudflow facies of the middle and lower Mio-
cene, however, they are mixed with displaced shelf and
upper slope faunas.

Allochthonous: In the upper part of the section, only
minor indications were detected in the larger grain-size
fractions. However, in the fraction <125 um, certain
shelf Bolivinas were found to form major proportions
of the benthic assemblage (e.g., Bolivina pseudoplicata:
up to 14% during cool intervals of the Pleistocene). This
indicates significant downslope particle transport af-
fecting the silt fraction.

In the upper Miocene part of the section, scattered
occurrences of Bolivina dilatata also were observed in
the larger fractions (e.g., Sample 397-53, CC), in-
dicating increased transport from the shelf. In addition,
Sample 397-56, CC yielded specimens of Dorothia rudis
and Bigenerina nodosaria, which are upper-bathyal to
outer-shelf species.

TABLE 11
Depth Classification of Marine Benthic Environments
Utilized in Leg 47 Foraminiferal Reports

Benthic Zone Abbr. Depth Range (m)
Supralittoral Splash zone to HHW
Littoral (intertidal) HHW to LLW
Inner shelf (inner sublittoral) LLW to50m
QOuter shelf (outer sublittoral) 50 m to 150 m
Upper bathyal UB 150 m to 500 m
Upper middle bathyal UMB 500 m to 1500 m
Lower middle bathyal LMB 1500 m to 2500 m
Lower bathyal LB 2500 m to 4000 m
Abyssal 4000 m to 6500 m
Hadal (trenches) 6500 m +




An entirely different picture was found in the middle
and lower Miocene. Nearly all of the core-catcher
samples referable to facies 4, 3, and 2 yielded large
quantities of displaced shelf foraminifers. Two main
groups were distinguished:

1) Outer-shelf species: Nonion asterizans, Bolivina
dilatata, Hanzawaia producta, Uvigerina bononiensis
group, Heterolepa praecinctus group, Trifarina angu-
losa.

2) Inner-shelf species: Amphistegina lessonii, Het-
erostegina sp., Elphidium complanatum/fichtelianum,
E. crispum group, Textularia sagittula.

The number of occurrences of these species per
100-meter interval gives an approximate estimation of
the degree of shelf material displacement (see Figure
12). Highest numbers were recorded in the interval be-
tween Cores 397-82 and 397A-20 in the upper part of the
lower Miocene debris flow section. Reworked Eocene
Uvigerinas and other species were also frequently found
there. The majority of identified allochthonous species
are clearly indicative of outer-shelf conditions, that is,
to water depths between 150 and 50 meters. Whereas
these species occur from the base of the Miocene up to
the top of the allochthonous part of the section (Sample
397-57, CC), the inner shelf group of species was only
found up to Sample 397-71, CC (in turbidites, close to
the D, reflector). Since seismic profiles indicate this part
to be a distinctive member of the debris and slump cover
on the continental slope, different erosional source
areas might be suggested as follows: (1) intermittent
displacement activity from about 20 to 18 m.y.B.P.
(NN 2 absolute time scale according to Berggren and
Van Couvering [1974]) affected both the outer and inner
shelf; (2) maximum and continuous displacement oc-
curred from 17 to 12.5 m.y.B.P. (NN 3 to NN 7). At
that time, the entire shelf and upper slope was affected,
the latter partially stripped, thus yielding Eocene
reworked faunas. Maximum amount of inner-shelf in-
put was provided by turbidity current transport as in-
dicated in Sections 397-71-1 and 397-71-2 (Am-
phistegina sands); and (3) decreasing displacement ac-
tivity from 11 to about 10 m.y.B.P. (NN 9), affected on-
ly the outer shelf and upper slope. At that time, com-
plete masses of older slope sediments slumped down.

This picture requires refinement by more detailed
core studies. It was outlined, however, to demonstrate
the general frame of environmental information obtain-
able from benthic foraminifers. Additional information
might be applied to determining the dominant sediment
type that was eroded on the outer shelf. The dominant
species are buliminids, such as Bolivina dilatata, Bu-
liminella tenuata, Fursenkoina sp., Bolivina sp. sp.,
Uvigerina sp., and only a few Ammonia, Cancris,
Miliolids, etc. Assemblages of this type today inhabit
soft-bottom sediments, e.g., mud pillows accumulating
near river mouths.

Table 12 is added to demonstrate the relation be-
tween foraminiferal information and sediment facies. It
shows that some types of allochthonous sediments
(F-4A,) contain no LMB deep-water foraminifers,
whereas others are always (F-2, F4A,), or sometimes
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TABLE 12
Foraminiferal Analysis of Core-Catcher Samples

Facies Designations

F4

Fl F2 | F3 Al B

Inner shelf

Inner shelf and outer shelf | ”

[* i

Quter shelf

Shelf and upper slope 1l ”

No autochthonous LMB 1| "t

forams present

1[I0 i1l
e

Only autochthonous, no " ”““
displaced material

Autochthonous LMB present

| I
| |

Note: Facies designations according to the sedimentology group (Michael A. Arthur,
Oscar E. Weser), Black dots refer to special test samples taken from reference
Core 397-87. Bars indicate relative frequencies with which various foraminiferal
environments occur in the different sediment facies.

Reworked Eocene Cretaceous

(F-4C;) mixtures of both, the autochthonous and
allochthonous components.

Early Cretaceous

Benthic foraminifers are rare in the Early Cretaceous
sediments recovered from Site 397. A total of nine
species was found; none are age diagnostic based on in-
formation presently available.

The preservation is moderate, but most of the tests
are fragile. This applies in particular to the Episto-
minas. Their structures are perfectly preserved (periph-
eral apertures, toothplates), but might collapse when
touched with the wet brush.

Summing up the analysis of all 53 specimens, a clear
dominance of one species of Lenticulina and a small
“Miliolina’’ is shown (together >55%). Whether this
low diversity is caused by an originally shallow habitat
remains an open question; selective dissolution and sort-
ing cannot be excluded.

Mollusks

Miocene

Several remains of displaced mollusks (gastropods,
pelycypods) and corals were found in the allochthonous
lower Miocene part of the drilled interval (i.e., litho-
stratigraphic Unit 4), and kindly identified by W.
Hinsch, Kiel, Germany. He contributed the following
list. The identifications confirm the foraminiferal and
nannoplankton ages.

397-93-1, 68 cm Turitella pseudogradata Cossman and Peyrot,
1922. Occurrence: Aquitanian/Burdigalian

(early Miocene).
397-92-2, 75 cm
397-92-4, 32 cm

Ceratocyathus sp.
Flabellum sp.
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397-93-2, 23 cm Gryphostrea ricardi (Cossman and Peyrot,
1914), 1 right-hand shell. Occurrence: early

Burdigalian (upper early Miocene).

397-95-1, Acanthocyathus cf. laterocristatus (Milne-
15-50 ¢cm Edwards and Haime, 1848), Occurrence:
? Oligocene, Burdigalian to Tortonian
(Miocene).
Anadara diluvii (Lamarck, 1805). Occurrence:
late Oligocene to Recent.
397-95-4, Turricula (Surcula) cf. regularis (Koninck,
45-46 cm 1837). Occurrence: middle Oligocene to ? early
Miocene.
397-96-1, 63 cm Ficus conditus (Brongnart, 1823). Occurrence:
late Oligocene to Pliocene.
397A-4-3, Glycymeris bimaculata saucatsensis (Mayer,
39-40 cm 1868). Occurrence: Burdigalian to Helvetian
(Miocene).
Cretaceous

Three ammonites and one bivalve were identified by
J. Wiedmann (this volume). Both ammonites belong to
long-ranging, conservative groups of species: (1) Pro-
tetragonites cf. crebrisulcatus (Uhlig), to the group of
P. quadrisulatus (d’Orbigny); and (2) Phylloceras cf.
thetys diegoi, Boule, Lemoine, and Thevenin, to the
group of P. thetys (d’Orbigny). The most appropriate
age for both specimens is Barremian. (3) A Neocomites
gr. N. neocomiensis (d’Orb.) supports a Valanginian to
early Hauterivian age. This age does not contradict the
nannofossil age (late Hauterivian), considering the
limited knowledge of ranges, poor preservation, and
taxonomic difficulties.

NEOGENE SEDIMENTATION RATES AT SITE 397

The accumulation rates of the Neogene sediments
cored continuously at Holes 397 and 397A are extremely
high for a section dominated by pelagic biogenic com-
ponents.

Detailed sedimentation rate curves have been con-
structed on the basis of nannofossil zonal boundaries
(Figure 13) and planktonic foraminifers (Figure 14) in
the samples examined. Biostratigraphic data at Site 397
are given in these figures. The late Neogene sedimenta-
tion rates based on both approaches are consistent.

Neogene Sedimentation Rates Based on Nannoplankton

The chronostratigraphic scale used for the respective
zonal boundaries is taken from Martini (1976, table 1).

Early Miocene sediments (Cores 397A-21 to 397-80),
from Sphenolithus belemnos Zone (NN 3) to Helico-
pontosphaera ampliaperta Zone (NN 4), accumulated
extremely rapidly (approximately 180 m/m.y.; see Fig-
ure 13). Probably the same rate of sedimentation also
occurred during what is recognized as the Discoaster
druggi Zone (NN 2; Samples 397A-52, CC to 397A-21,
CO):

During the late part of early Miocene to the middle
part of middle Miocene, represented by Section 397-
77-3 to Core 397-73 and including Sphenolithus hetero-
morphus Zone (NN 5) to Discoaster kugleri Zone (NN
7), the average rate slowed to 15 m/m.y.
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In the middle Miocene, there is a stratigraphic gap
which, according to the sedimentation rate curves, has a
duration of approximately 1.5 m.y.

Slumps are a major component of late Miocene sedi-
mentation (Cores 397-72 to 397-43), from Discoaster
hamatus Zone (NN 9) to Discoaster quinqueramus Zone
(NN 11). The rate was approximately 50 m/m.y., but it
is very difficult to determine the accumulation rate for
this part of the hole.

After the early Miocene (Cores 397-42 to 397-15), the
average rate in the Pliocene, from Ceratolithus tricor-
niculatus Zone (NN 12) to Discoaster brouveri Zone
(NN 18), increased to approximately 82 m/m.y.

During the Quaternary (Cores 397-15 to 397-1;
Pseudomemiliania lacunosa Zone, NN 19, to Emiliania
huxleyi Zone, NN 21), the rate of accumulation in-
creased at the base to 89 m/m.y; in the last 0.6
m.y.B.P., it dropped to 50 m/m.y.

These rates discussed above are very similar to those
found using the planktonic foraminifer zonation from
Site 397 (Figure 14).

Neogene Sedimentation Rates Based on
Planktonic Foraminifers

The chronostratigraphic scale used for the respective
zonal boundaries is taken from the paleomagnetic
calibration of Ryan et al. (1974) with a modification of
Martini for the boundary of the base of Zone NN 14
(personal communication to P. Cepek

The extremely rapid rates in the early Miocene (120
m/m.y.) result from the interaction of (a) volcanogenic
debris flows derived from the Canaries, (2) accumula-
tion of turbidity current transported sand and silts from
Africa, and (3) subaqueous debris flows from the con-
tinental slope.

A late Miocene debris flow (Section 57-3 to Core 61)
is located at approximately 8 m.y. by its position near
the Globorotalia merotumida/G. plesiotumida evolu-
tionary change. The slump deposits associated with the
debris flow may have been emplaced instantaneously in
a geological sense.

A stratigraphic gap is placed in the middle Miocene
and according to the sedimentation rate curves, it has a
duration of approximately 2 m.y.

The rate of accumulation of the preserved middle
Miocene ranges from 20 to 30 m/m.y. with an uncer-
tainty depending upon the duration of the stratigraphic
gap.

A marked change in sedimentation rates is observed
around 16 m.y. which may be related to (1) eustatic sea
level rises accompanying early-middle Miocene warming
and deglaciation of parts of the Antarctic ice caps; (2)
the rise of the CCD in middle Miocene times recorded in
all the other oceans (i.e., the so-called middle Miocene
environmental crisis); and (3) the strong winnowing of
sediments by geostrophic boundary currents whose
acme is probably related to the D, erosional surface.

The Plio/Quaternary rate is approximately 80 m/m.y.
dropping to 50 m/m.y. for the late Miocene. The pre-D,
early Miocene sedimentation rates are extremely fast and
range from 120 to 145 m/m.y.
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Figure 13. Sedimentation rates in the Neogene Section at Site 397.

tributed, in part, to dissolution observed in the foramin-

The more or less uniform rates for lithologic Unit 1 at
this site, consisting of nannofossil oozes and marls, are
attributed to a high productivity in an area of upwelling.
If we do not take into account differences due to ter-
rigenous dilution, the biogenic production could exceed
that of the equatorial Pacific Site 62.1 by three times!
This difference might be accounted for by a concentra-
tion through winnowing of the biogenic components
and terrigenous clays at Site 397 by bottom currents at
the base of the continental slope. The more modest rates
recorded for the deeper part of the late Miocene are at-

iferal tests and in part due to compaction.

Cretaceous Sedimentation Rates

The Cretaceous sedimentation rates are more uncer-
tain than those of the Neogene due to the lack of a
precise stratigraphic zonation. Four approaches are
considered:

1) Geophysical: The sediments directly beneath the
unconformity at 1300 meters sub-bottom are considered
to be Hauterivian in age (<126 m.y.) and the lowermost
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Figure 14. Sedimentation rates at Site 397, based on
planktonic foraminifers.

strata at Site 369 are late Aptian in age (>108 m.y.).
The immediate pre-unconformity layer can be traced
landward beneath the slope and occurs at Site 369 ap-
proximately 1.9 seconds (= 3 km at 3.2 km/s interval
velocity) below the Aptian horizon. If we assume a
uniform sedimentation rate, the average for this Early
Cretaceous interval is 166 m/m.y.

2) Sedimentological: The Early Cretaceous has a
varve-like appearance. Some alternating laminae are
0.1-0.5 mm in thickness and if we assume them to be an-
nual varves we get accumulation rates >100 m/m.y.

3) Magnetostratigraphical: The pre-Albian Creta-
ceous and Late Jurassic contains numerous magnetic
polarity changes mapped within the Atlantic and Pacific
oceans as the Mesozoic lineations M-0 to M-25. On the
average the frequency of magnetic reversals was greater
than one every million years. The longest normal inter-
val is approximately 1.5 m.y. in duration. Only one in-
terval of unambiguous negative polarity was observed in
Cores 397A-34 to 52 in an otherwise normal sequence
with the possibility of a second interval of low inclina-
tion being misidentified as normally magnetized due to
deviation of the hole from vertical. If Unit 5 is cor-
related with the interval between anomalies M-3 and
M-5 and if the large interval of normal polarity is not
produced by secondary overprint, the 150-meter Early
Cretaceous sequence is not likely to exceed 2 m.y. in
duration, giving a predicted sedimentation rate of >75
m/m.y.

4) Biostratigraphical: Due to the scantiness of
foraminifers, only calcareous nannofossils will be used

66

for documenting the Early Cretaceous age of Cores
397A-34 to 52. The nannofossil assemblage can be en-
tirely assigned to the Calcicalathina oblongata or
Lithraphidites bollii Zone (Wind and Cepek this vol-
ume). The presence of Cruciellipsis cuvillieri with an
extinction level within the late Hauterivian might in-
dicate a minimum age. If we assume that the cored in-
terval represents approximately 1 to 2 m.y. (after the
van Hinte, 1976, time scale), an accumulation rate of
>75 (—150) m/m.y. results.

STRATIGRAPHIC HIATUSES

Three stratigraphic gaps have been provisionally
detected on the practically continuously cored sections
from Holes 397 and 397A. Their recognition is based
partly on the absence of certain evolutionary sequences
in the microfossil groups, partly on abrupt changes in
lithofacies, and to some extent on criteria thought to be
indicative of sea-floor erosion or extended periods of
non-deposition.

The youngest gap is thought to exist is in the late
Pliocene. It was first suggested by depositional and/or
erosional bed forms in the subsurface illustrated on the
Glomar Challenger reflection profile (Figure 23). These
features are distributed across reflector R-2 () and ap-
pear as large undulating sediment waves. They correlate
in depth with an interval near Cores 25 and 26 of Hole
397 where a noticeable degree of fragmentation and cor-
rosion of the sand-sized calcareous tests was first
recorded. Although this fragmentation might be related
to laboratory disturbance during washing, the coarse
portion contained a slightly unusual amount of large
detrital grains. The interval under discussion falls be-
tween the extinction horizons of Sphaeroidinellopsis
(above) and of Globorotalia margaritae (below). When
analyzing the sedimentation rates, this interval appears
as somewhat reduced in thickness if uniform accumula-
tion is assumed. Some additional evidence of something
amiss is provided by the shipboard paleomagnetic
stratigraphy where a slightly abbreviated Gauss Epoch
was discerned which lacked one of its two reversal
events. The gap, if it exists, is perhaps only 0.1 m.y. in
duration. Its biostratigraphic position would place it ap-
proximate to 3 m.y.B.P. more or less coincidental with
the abrupt glacial cooling seen at Site 112 in the
Labrador Sea and within the interval of cutting of
marine terraces around the Canary Islands. The gap
may, in fact, not be a true hiatus in the sense of an omis-
sion surface, but may simply reflect either a much
reduced rate of accumulation or short episodes of win-
nowing accompanied by partial fragmentation and
dissolution of exposed calcareous tests.

The 3 m.y.B.P. level has been discussed by Schlanger
and Douglas (1974) as one of the significant oceano-
graphic changes leading to incipient diagenesis in car-
bonate sediments and the formation of an oceanwide re-
flecting horizon labeled by them as reflector “‘a’ (see
also Cita and Ryan, this volume).

The next older gap is considerably more distinct and
falls between the late and middle Miocene. It is assigned



to a position between Cores 397-70 (foraminiferal
evidence, Figure 14) and 73 (nannoplankton evidence;
Figures 10, 13). No discrete lithologic change was
detected according to the visual core descriptions. The
gap lies in the close vicinity to the extinction horizon of
Globorotalia mayeri and between the upwardmost oc-
currence of Discoaster exilis and the lowermost record
of Discoaster hamatus. By a combination of extrapola-
tion of sedimentation rates downwards through the late
Miocene and upwards through the middle Miocene, the
late to middle Miocene hiatus extends from approx-
imately 10.5 to 12.5 m.y.B.P. according to the foramin-
iferal biozonation and 11.0 to 12.5 m.y.B.P. according
to the nannofossil zonation.

The approximate 2 m.y. duration of this gap is more
or less in agreement with the thickness interval between
reflectors R-6 (8) to D: noted on the seismic profile
along the initial approach to the drill site.

The late/middle Miocene hiatus is probably a true
“‘omission’’ surface, induced by ocean-floor erosion. A
significant lithologic change is also noticed from Cores
69 to 73 where the carbonate content versus detrital
minerals changes very rapidly, unlike the overlying and
underlying intervals. The diachronous downcutting is il-
lustrated by seismic horizon D, in the lower slope/upper
rise region off Cape Bojador. A gap at a similar
stratigraphic position occurs at Site 369 at a sub-bottom
depth of 80 meters. An additional short mid-Miocene
hiatus between 15 and 15.5 m.y. is only evident from the
foraminiferal record (see Figure 14).

The next stratigraphic gap discussed is a true chasm
with a hiatus representing 100 m.y. In less than 20 cm of
Section 1 of Core 397A-34, the lithology changes from a
semi-indurated radiolarian-bearing, nannofossil mud-
stone of early Miocene age to a tightly compacted non-
bioturbated shale deposited during the Early Creta-
ceous. The actual discontinuity has probably been
mechanically distorted by the coring operations.

The oldest sediment recovered directly above the
visually abrupt change in facies belongs to foraminiferal
Zone N.5-N.6 and to nannofossil Zone NN 2. The old-
est sediment with an intact lithology in the entire overly-
ing sequence is late Oligocene belonging to the Globo-
rotalia opima opima foraminiferal zone (P.21) and the
Sphenolithus distentus nannofossil zone (NP 24). The
Oligocene sediment is an original biogenic hemipelagic
deposit now found only as thin lenses intercalated
within large lower Miocene slump masses belonging to
lithologic Unit 3. The Oligocene sediment is especially
prevalent in Cores 397A-15, 16, and 17 and indicates
that the first recorded deposition above the large discon-
tinuity in Core 397A-34 began somewhat prior to 25
m.y.B.P. (with a probable position at 30 to 27 m.y.).
The youngest sediment below the discontinuity is as-
signed to a late Hauterivian age. For a detailed discus-
sion of the age and causes of this huge gap see Arthur et
al. (this volume).

SITE 397

DISCUSSION OF THE AGE OF THE LOWER
CRETACEOUS LITHOSTRATIGRAPHIC UNIT 5

A variety of conflicting ages (ranging from Valangin-
ian to Aptian) has been determined for Lower Creta-
ceous lithostratigraphic Unit 5 (Cores 397A-34 to
397A-52) by different shipboard and shore-based pale-
ontologists (see Wind and Cepek Basov et al.; Roesler
et al.; Butt; Wiedmann; all, this volume). In the
framework of the sedimentary synthesis (Arthur et al.,
this volume), sedimentology (Einsele and von Rad, this
volume), magnetostratigraphy (Hamilton, this volume),
and seismic stratigraphy (Hinz, this volume), the age of
Unit 5 has been assumed to be Hauterivian. Therefore,
a short summary of the evidence and arguments of all
groups working or commenting on Unit 5 might be use-
ful for the reader, as given below.

Biostratigraphy
Nannofossils

Seventy-eight samples (one sample per section) con-
taining calcareous nannoplankton were investigated
both at Hannover, Germany (P. C‘epek and at Talla-
hassee, Florida (F. Wind). A few samples were also ex-
amined by H. Thierstein (La Jolla, California). In
Samples 397A-38, CC to 397A-52, CC, no nannofossils
younger than late Hauterivian occur. They contain
Cruciellipsis cuvillieri (known range: Berriasian to
Hauterivian, i.e., not younger than late Hauterivian),
Calcicalathina oblongata (not younger than early Barre-
mian), and Nannoconus kampteri (not older than late
Hauterivian?). Therefore, the nannofossils suggest an
age of early-late Hauterivian (see Wind and Cepek this
volume). Based on the occurrence of Diadorhombus
erectus (middle Valanginian), H. Thierstein suggests a
Valanginian to early Hauterivian age.

Foraminifers

Roesler, Lutze, and Pflaumann (Kiel University)
found a sparse small microfauna in Cores 397A-34 to
397A-52, containing the planktonic foraminiferal genus
Favusella, from which they described eight specimens
by SEM as Favusella stiftia n. sp. An age determination
based on these favusellas still has to remain open (Roes-
ler et al., this volume). Favusellas from the Albian/
Cenomanian are found only in neritic facies. Further in-
vestigations are needed to demonstrate whether this
paleoecological aspect is applicable also to the pre-
Albian precursors which these favusellas might repre-
sent.

Basov et al. (Research Institute of the Geology of the
Arctic, Leningrad) describe a number of species which
are common with those from the upper Barremian to
lower Aptian of the North Caucasus, with the middle
Barremian of western Austria, and with the middle
to upper Barremian of Trinidad (Basov et al., this
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volume). They state that all known pre-Barremian
faunas are less variable than that found in Section
397A-47-4. They therefore suggest Barremian or Bar-
remian to early Aptian as the most probable age for the
upper part of Unit 5 (Cores 397A-41 to 397A-47),
whereas Hauterivian age cannot be excluded for the
lowermost part of the section.

Butt (Tiibingen University) compares the Lower Cre-
taceous biostratigraphy of Site 397 with that of the
Aaiun Basin and Agadir section (Morocco). He found
Hedbergella hoterivica (which he believes to be the same
as Favusella sp. of the Kiel group), and several species
of Epistomina. Butt believes the lower part of Unit 5
(Cores 397A-50 to 397A-52) is late Hauterivian/early
Barremian. The middle part (Cores 397A-43 to
397A-50) is Barremian, and the upper part (Cores
397A-42 to 397A-35) is Barremian/Aptian (with a rela-
tively abundant and diverse post-Hauterivian plank-
tonic fauna; see Butt, this volume).

Ammonites

A few fragmented ammonites in aragonitic preserva-
tion were found, especially a Neocomites ex. gr., N.
neocomiensis, which supports a Hauterivian interpreta-
tion. The other specimens belong to long-ranging spe-
cies, but are presumed to be Barremian due to their
degree of evolution (see Wiedmann, this volume).

Magnetostratigraphic Evidence

Hamilton (this volume) suggests that the dominantly
normal polarity of the Cretaceous portion of the se-
quence in Hole 397A might correlate well with the inter-
val between anomalies M-3 and M-5 which are early
Hauterivian. This correlation was suggested with know-
ledge of the information on the nannofossil ages. How-
ever, the dominant normal polarity could also represent
any interval within the range of Albian through Santo-
nian.

Seismic Evidence

A pre-Aptian age for strata below the major pre-early
Miocene unconformity at Site 397 is supported by seis-
mic evidence. Site 369, located higher on the slope, bot-
tomed in upper Aptian strata which appear to be 1 to 2
km stratigraphically higher than the sediments of Unit 5
in Site 397 (Hinz; Wissmann; Arthur et al.; all, this
volume).

Sedimentological Evidence

Sedimentological evidence (especially the varve-like
laminations in a distal prodelta setting, almost complete
lack of sand layers) suggests a comparatively tranquil
setting without strong currents, which might have win-
nowed the entire ‘‘autochthonous’’ nannoflora. How-
ever, downslope reworking of more or less contem-
poraneous coarse-grained and fine-grained components
is very conspicuous (prodelta mud environment). There
is not evidence for deposition below a CCD (in general,
good preservation of nannoflora, some ammonites,
calcite-cemented sand layers, etc.; see Einsele and von
Rad, this volume).
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Conclusion

Weighing all this evidence, the editors and Co-Chief
Scientists of Leg 47A recommend usage of late Hauter-
ivian as the official age for all site and synthesis reports,
tables, and figures. One should, however, keep in mind
that the nannofossil age is not confirmed by the fora-
miniferal determinations of the group working in Len-
ingrad, which suggests a probable Barremian/Aptian
age for this unit.

PALEOMAGNETICS

During Leg 47A, we undertook the first on-board
paleomagnetic study of a continuously cored sediment
sequence. The advantage of sedimentary paleomagnetic
study is well known, since good biostratigraphic control
on the same sediments is often possible. This gives an
opportunity, dependent on sedimentation rates, to
record a downhole magnetic stratigraphy that can be
compared to an established geomagnetic time scale.

Paleomagnetic study of sediments is more difficult
than a comparable study of igneous rocks. The inten-
sities of natural remnant magnetization (NRM) of
pelagic (biogenic) and hemipelagic sediments are several
orders of magnitude less. Thus, a measuring system of
high sensitivity is required. To meet this objective, a
sophisticated computerized spinner magnetometer
(Digico magnetometer system) was installed onboard
Glomar Challenger at the commencement of Leg 47.
The principles of operation of this system are described
by Molyneux (1971).

Demagnetization studies are a necessary adjunct to
any comprehensive paleomagnetic study. We accom-
plished this on board in a preliminary way, by using a
newly designed alternating field demagnetizer (Moly-
neux, personal communication). A major advantage of-
fered by this unit over those employed on previous legs
is two-axis as opposed to single-axis tumbling. The
demagnetizer appears to be reliable for peak fields up to
600 Oe without introducing any appreciable anhysteritic
magnetization in the samples.

To monitor the downhole magnetic stratigraphy, the
sampling frequency should be such that resolution of all
epochs (and ideally all events) recorded within the
penetrated section is achieved. This is dependent on
sedimentation rates and is constrained by the need to
avoid disturbed intervals whether caused by drilling ar-
tifacts or by natural phenomena, such as slumping.
Another limitation relates to reliable remanence mea-
surement of weakly magnetized sediments. Onboard
Glomar Challenger, as a compromise between ex-
pediency and reliability, we used a signal integration
time of 2° spins for NRM measurement of some 178
samples with subsequent measurement on 2’ spins after
AF demagnetization at 50 QOe. Post-cruise shore-based
studies on the entire Quaternary/Neogene paleomagnet-
ic sample collection employed a longer signal integra-
tion time corresponding to 2° spins; this improved
measurement precision after further demagnetization at
high peak fields of 150 to 300 Oe in an effort to isolate
stable remanence directions. A more detailed account of



these stability studies, together with the full paleomag-
netic results, are contained in Hamilton (this volume).

We encountered predominantly low NRM intensities
in the range of 0.1 to 0.7 x 10°°G for the Quaternary
and upper Neogene part of the drilled interval down to a
sub-bottom depth of 450 meters. Variable intensity
values, normally within the range of 0.5 to 20 X 107G,
typify the remainder of the Neogene section (down to
1300 m). Some higher intensities, up to 420 x 10°G, are
associated with the volcaniclastic sandstones and con-
glomerates. The Cretaceous sediments have a mean
NRM intensity of 15.83 + 15.44 x 10°¢G.

We measured volume susceptibility of all samples
used for paleomagnetic studies with a Highmoor induc-
tance bridge system. The bridge was calibrated using
salts of known susceptibility and igneous rock standards
whose susceptibility are well established.

Volume susceptibilities at Site 397 are in the range
10-% to 10-° G/Oe. Lowest susceptibility values are
found for the nannofossil marl oozes of the Quaternary;
the highest values as associated with the volcaniclastic
conglomerates and sandstones of the middle Miocene.
Table 13 gives a summary of the mean susceptibilities of
the principal lithologic units; complete magnetic suscep-
tibility results for Site 397 samples are presented by
Hamilton (this volume).

The quality of the paleomagnetic data is such as to
justify an attempt to define a tentative magnetic polarity
stratigraphy for Site 397. An outline of this is given here
(for details, see Hamilton, this volume). Between the sea
bottom and the occurrence of slumps in Core 397-57,
the interval is assigned on the magnetic polarity time
scale from the Brunhes Epoch throuogh Epoch 7 times.
Within the upper Matuyama Epoch, a possible con-
densed sediment sequence or hiatus may be present be-
tween the base of the Jaramillo (103 m sub-bottom) and
the Olduvai events, if the magnetic polarity assignment
is correct. Below the Olduvai, a long reversed interval
(represented by 60 m of sediments) records a high sedi-
mentation rate within lower Matuyama Epoch times.
The underlying Gauss Epoch recorded at this site is not
as straightforward as that normally recognized. The
normal intervals within this epoch are much shorter
than expected, perhaps again reflecting possible hia-
tuses. Likewise, only two of the few normal events

TABLE 13
Summary of Magnetic Susceptibility, Site 397

Mean Susceptibility
Lithologic Unit Number of Samples X 10-6 G/Oe ( sd)

Sub-unit 1A 17 6.57 +12.11
Sub-unit 1A 154 2.86 £1.10
Sub-unit 1B 27 396 £1.26
Unit 1 44 492+7.58
Unit 2 23 7.23 £5.95
Unit 3 27 21.93+£18.79
Unit 4 50 127.70 £282.67
Unit § 21 28.28 +13.18

AExcluding uppermost two samples (397-1-1, 16-18 cm and
397-2-1,61-63 cm).
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within the Gilbert Epoch are recognized. Nevertheless,
we located the Gilbert/Epoch 5 boundary at a sub-
bottom depth of 398 meters, i.e., between Cores 397-42
and 397-43. This correlates well with the biostratigraph-
ic placement of this boundary. The slump horizons oc-
cur below a reversed interval, possibly in Epoch 7 times.

Gaps in the sampling, particularly where the debris
flows occur, make difficult an unambiguous correlation
to the geomagnetic polarity time scale below Core
397-57. Tentatively, we can assign the fragmentary
polarity record by using the biostratigraphic control.
Thus, the magnetic stratigraphy between Cores 397-57
and 397-72 indicates Epochs 9/10 and possibly Epoch
11. From 700 to 1300 meters, the lower Neogene section
is referred to Epochs 16 through 19.

The 153 meters of Lower Cretaceous sediments reveal
a sequence of dominantly normal polarity; only a single
thin reversed zone is encountered in Core 397A-35. This
may be correlated with the long normal epoch of the M5
marine magnetic anomaly sequence (123-124 m.y.B.P.
after van Hinte, 1976, time scale).

DOWNHOLE TEMPERATURE MEASUREMENTS

Two downhole temperature measurements were
made in Hole 397 and two in Hole 397A. Of four suc-
cessful runs, only two gave data which were considered
to be reliable in calculating in-situ thermal gradients.
The temperatures were obtained using an entirely self-
contained temperature recorder (see Site Chapter In-
troduction and Explanatory Notes), which was inserted
into a core barrel with a thermistor probe protruding
about 50 cm through the center of the core catcher.
Upon drilling to the depth where a temperature mea-
surement was desired, the core barrel was lowered
on the sand line to the bottom of the drill string. Once
the core barrel was locked into the bottom-hole
assembly, the drill string was gradually lowered to the
bottom of the hole. Lowering pushed the thermistor
probe into the undrilled sediment in front of the bit,
where it remained for approximately 20 minutes with
about 8 to 10 thousand pounds of weight on the drill bit.
Calm seas and an alert and skilled drilling team and
electronics technician were major assets to the collection
of high-quality data.

Measurements 1-3 showed that the thermistor came
more or less into thermal equilibrium with the adjacent
sediment. However, measurement 2 (Figure 16) was
considered unreasonably low, possibly due to excessive
cooling of the bottom-hole sediments (dense shales) by
vigorous circulation of drilling fluids. This measure-
ment was discarded, although the plateau looks similar
to that of measurement 2.

Measurements 1 and 3 (Figures 15, 17) in plastic
oozes and marls were judged to be satisfactory, and
both indicated little disturbance from frictional heating
or thermal convection during the actual measurement
interval.

The sea-floor water temperature is estimated at about
4,75°C based on data from the thermistor probe as it
passed the mudline during its descent to the bottom of
the hole and its ascent back to the drill floor.
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The thermal measurements are listed below; the con-
tinuously recorded temperature data for each station are
illustrated in Figures 15, 16, 17, and 18.

Two further measurements were attempted at the
bottom of Hole 397A: neither was wholly successful. A
six-hour measurement was attempted at 1429 meters,
but electrical problems (a loose soldered joint in the
thermistor leads) meant that no data were recorded. It
appeared that the medium-length thermistor probe had
penetrated the Cretaceous shales, so another measure-
ment (20 minutes duration) was attempted. This mea-
surement (no. 5, Figure 18) gave a mean downhole tem-
perature of 23 °C at 1438 meters rising to about 27° at
end of the 20 minutes measuring time. It was felt that
due to the high pumping rates necessary to drill through
these compacted shales, a high degree of sediment cool-
ing had occurred, even 30 cm ahead of the bit. This in-
terpretation is confirmed by the temperature rise
observed over the measuring period.

Sediment
Temperature Sub-Bottom  Temperature
Hole Measurement Depth (m) (°C) Figure
397 1 360.5 19.5 +0.5 15
397 2 579.0 18.1 +0.25 (2) 16
397A 3 447.5 22.5 £0.25 17
397A 5 1438 221 = 27(7) 18

The thermal gradients for Hole 397 is plotted in
Figure 19. A single straight line will fit both of the
reliable downhole temperature determinations (no. 1
and 3) and the sea-floor estimate, giving an overall
mean gradient of 4.2°C/100 meters. If the measure-
ments are taken separately, the gradient from 0 to 360.5
meters is 4.4 °C/100 meters; from 360.5 to 447.5 meters,
the gradient is 3.5°C/100 meters. However, it is ques-
tionable whether a linear extrapolation of.the tempera-
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Figure 15. Downhole temperature measurement 1 at
360.5 meters sub-bottom at Site 397.
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ture values of the uppermost 450 meters to a total depth
of 1450 meters (and below) is possible.

The change in gradient at depth to a lesser value is
consistent with relatively higher thermal conductivities
in the more compacted and lithified sediments. Conduc-
tivities were measured in recovered core samples with a
needle probe technique, but the data must be reduced
because of the lack of thermistor calibrations aboard
ship. Rough estimates (Ryan, personal communication)
range from 3.0 to 3.5 mcal/cm s °C.

Multiplication of the mean thermal gradient of
4.2°C/100 meters by the estimated conductivity values
gives a thermal heat flow of 1.3 to 1.5 X 10~ ° cal/cm?
at the drillsite location. The calculations bracket the
worldwide average value of 1.35 HFU and do not differ
greatly from other measurements made on passive-type
margins by 10-meter to 15-meter long thermoprobes.

We conclude that the northwestern Africa margin has
an adequate thermal gradient such that organic-rich
sediments buried at sub-bottom depths exceeding 1.5 to
2 km will reach temperatures sufficient for the initiation
of the process of thermal chemical maturation of the
sedimentary organic matter, leading to the generation of
potentially mobile hydrocarbons.

A thermal gradient of 4.2 °/100 m might be explained
as a regional anomaly produced by the mid-Tertiary
evolution of the Canary Island volcanism (Arthur et al.,
this volume). Temperature gradients in the nearby shelf
well Spansah 51A-1 (outer Aaiun Basin) are consid-
erably lower (2-3 °C/100 m). For example, the offshore
well Alisio 15A-1 (N of Cape Bojador) has a tempera-
ture of 119°C at 34-82 m total penetration, correspond-
ing to a thermal gradient of approximately 3 °C/100 m
(Connan, 1974).

CORRELATION OF SEISMIC REFLECTION
PROFILES WITH DRILLING RESULTS

Introduction

Prior to Leg 47A, the Bundesanstalt fiir Geowissen-
schaften und Rohstoffe (BGR, Hannover) had pro-
posed five drill sites at the Cape Bojador continental
slope and rise. These sites were selected on the basis of
detailed presite survey by R/V Meteor and R/V Val-
divia (Hinz et al., 1974; Seibold and Hinz, 1976; von
Rad et al., 1979). A 24-fold stacked profile (AlL), sup-
plied by Geophysical Service International, Ltd. (GSI),
provided one additional drill-site proposal (47A-3, see
Figure 20). From these six proposed sites, three (47A-1
to 47A-3) were approved by the JOIDES Safety Panel.
Site 397 is located close to the proposed (but undrilled)
Site 47A-3,¢ between Meteor Profile M-25 A2 (Figure
21) and the GSI line (Figure 22). The airgun profile shot
by Glomar Challenger during the site approach (Figure
23) proved very useful for the identification of intra-
Neogene acoustic horizons, but did not penetrate be-

6Because reflectors D, (R-9) and D; (R-7) converge near proposed
Site 47A-3 (pinch-out situation), Site 397 had to be moved about 5
nautical miles seaward (see Fixtures 20 and 23a).
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Figure 16. Downhole temperature measurement 2 at 579.0 meters sub-bottom at Site 397.

yond about 1-s two-way travel time below the sea floor.
Additional seismic data, which were used for correla-
tion purposes during and after the drilling of Site 397,
include a single-channel profile from Lamont-Doherty
Geological Observatory (Vema 30-05), a new single-
channel airgun profile by R/V Meteor (M46-37) con-
necting DSDP Sites 369 and 397 (Figure 24; see also
Wissmann, this volume), and commercial multichannel
profiles (see Hinz, this volume).

Wissmann (this volume) discusses in detail the dif-
ferences between pre-site and post-site interpretation of
the Cape Bojador slope, as well as the potential pitfalls
which await the seismic interpreter in the lower slope
region, where many unconformable reflectors merge
and meet with the seemingly simple, conformably bed-
ded horizons of the upper rise. There the seismic stratig-
raphy should be checked by drilling and refined by log-
ging which, unfortunately, was not available during Leg
47A. Hinz (this volume) stresses that a regional acousto-
stratigraphy should be based on seismically detectable
depositional sequences, rather than on the correlation
of individual reflectors.

Seismic Reflectors

The following discussion is mainly based on the ship-
board report and on information from the drilling rec-
ord and the GSI-A1L, M25-A2, and Glomar Challenger
lines. For the immediate vicinity of Site 397, the reflec-
tor tags R-1 to R-10 are used (see Table 14) to avoid con-
fusion with the ambiguous and obsolete reflector nom-
enclature of the literature.

Several erosional horizons are acoustic reflectors on
both the Glomar Challenger (Figure 23) and Meteor
seismic profiles (Figure 21) which cross Site 397. A
relatively shallow reflector at about 125 meters below
the intermediate slope has been referred to as D,
(“‘Oligocene to early Miocene’’) by Hinz et al. (1974)
and Seibold and Hinz (1974). This reflector was later
dated at Site 369 as early Miocene, where a small dia-
genetic change observed between calcareous marls and
underlying siliceous nannofossil marls (Lancelot, Sei-
bold, et al., 1978). In 1974, Hinz et al. traced this reflec-
tor “D,”’ downslope to a level at 0.820 s below sea floor
in the area where the M-25 A2 profile is proximal to Site
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Figure 18. Approximate thermal gradients at Site 397

calculated using downhole temperature measure-
ments I through 3.

397. Leg 47A drilling, however, proved that this ‘‘rise-
D, is much younger than ‘‘D,’” at Site 369 (see Figure
21).

A deeper reflector at 0.995 s (1.03 s in M25-A2),
labeled D, (‘‘Cenomanian’’) by Hinz et al. (1974). In
1974, this reflector was correlated upslope to a level at
about 370 meters, which at Site 369 is equivalent to a
10-meter-thick middle Eocene limestone or to Maes-
trichtian chalks and porcellanites underlying a 17-m.y.
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Eocene hiatus (Figure 21). Along a lengthy stretch of the
upper slope of the African margin from Cape Bojador
south to Cape Blanc, the deeper so-called D, reflector
(i.e.,R-10 or “‘rise-D,’’) truncates successively more an-
cient strata as it descends down the continental slope.
Along the lowermost slope just south of Site 397, the
younger D, horizon (i.e., R-7) cuts deep enough to
penetrate to the upslope D, horizon. In fact, at one time
in the past, the lower slope-D; surface created a window
into the formerly extensively buried sedimentary layers
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(Hinz et al., 1974, their fig. 2; von Rad et al., 1979, their
fig. 4).

The ‘‘rise-D; (R-7) surface has been contoured on
Figure 25 and displays a trough-like configuration
whose axis plunges to the southwest. Subsurface chan-
nels are depicted by arrows; they reflect conduits into
the trough from the Canary Islands at the north and
northwest and from the African slope situated to the
east and southeast.

In addition to reflectors ‘“D,’’ and ““D,’” (sensu Hinz
et al., 1974), five acoustic horizons could be identified
on the Glomar Challenger and Meteor M25-A2 profiles
between the sea floor and reflector R-7 (i.e.,rise-D,).
They are labeled on Figures 23 and 26, and listed in
Table 14 as reflectors R-1 (), R-2 (8), R-3 (v), R-4 (9),
and R-5 (e). They are all parallel-bedded and indicate a
relatively uniform depositional realm (acoustic Units I
and 2). The interval between R-5 (8) and R-6 () wedges
out against the base of the continental slope. It passes in
a landward direction from an acoustically transparent
unit (acoustic Sub-unit 3A) with faint internal, non-
coherent diffractors to a stratified sequence (acoustic
Sub-unit 3b), whose seaward edges have been truncated
by erosion. The interval between R-6 ({) and R-7 (D,) is

variable in thickness and ranges from 0.1 s in the ap-
proach track to completely absent at the drill site.

In general, the seismic reflectors have been assigned
to levels where major lithologic and stratigraphic events
have been observed. The independent correlations by
Mountain (this volume), placing the reflectors R-1 (),
R-2 (B8), and R-7 (8) at levels of abrupt changes in
acoustic impedance, are basically the same as ours (see
Table 14 and Figure 27).

The interval from reflectors R-7 (D) to R-8 (Dzy), i.e.
acoustic Unit 4, is highly stratified on the Glomar
Challenger profile (not on the Meteor M25-A2 profile)
and its upper surface is somewhat bevelled at the base of
the continental slope. The interval from R-8 (D.J) to
R-9 (D)), i.e., acoustic Unit 5, is transparent and ex-
hibits a differential type of deposition, namely, thinner
on highs and thicker in depressions. The base of this
unit directly overlies the R-9 horizon, which was labeled
D, in the site prospectus (according to Hinz et al., 1974,
their fig. 2).

Stratigraphic Correlation of Reflectors

The correlation of the cores to the reflectors is giv-
en in Figures 26 and 27. The correlations are ambigu-
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ous; interval velocities calculated by reflector match-
ing with core lithologies have some discrepancies with
the velocities measured on the sediments by the Hamil-
ton Frame velocimeter (see Figure 27). The interval
velocities (see Table 14) are consistently higher than the
measured values in the deeper section. This difference in
velocity is tentatively ascribed to the development of
minute cracks in the sediment samples, a sort of dila-
tancy produced by decompression and gas expansion.

The highly stratified acoustic Unit 1 represents well-
bedded calcareous oozes of Cores 397-1 to 397-10,
which exhibit fluctuating amounts of carbonate and ter-
rigenous minerals. This unit has been dated as belonging
to the glacial Pleistocene (0 to 1.1 m.y.B.P.). Its base
coincides with a possible minor erosional hiatus at
about 100 meters sub-bottom.

Acoustic Unit 2 includes biogenic oozes and marls of
the pre-glacial Pleistocene, Pliocene, and late Miocene.
Reflector R-2 (B) is tentatively matched with a small in-
crease in the velocity gradient and a discrete bulk densi-
ty change observed at a short hiatus occurring in Cores
397-25 and 397-26. The first appearance of radiolarians

and diatoms in the coarse fraction is observed above this
level. Reflector R-4 (§) can be placed either at Core
397-50 (450 m) or at Core 397-42 (400 m, top Messinian:
Sarnthein, personal communication).

Reflector R-5 (e) coincides with the top of the slump
units and breccias of the upper Miocene recorded in
Core 397-57. Some of the breccia components may be
derived locally from the upslope region of acoustic Sub-
unit 3b which might be equivalent to the interval be-
tween reflectors R-6 ({) and R-7 (D,) on the approach
profile.

The seismic record on the site approach (left and cen-
tral part of Figure 23b) shows a layer between reflectors
R-6 ({) and R-7 (D) which pinches out against the slope
and is absent on the drill site. A detectable stratigraphic
gap (10.5 to 12.5 m.y.B.P.) has been provisionally
located between Cores 397-70 and 397-73. Tentatively,
we correlate R-7 (D,) with Core 397-73, and R-6 ({) with
Core 397-71. Where the missing layer at Site 397 is pres-
ent at the left of the profile (NNW of Site 397, Figure
23b), it accounts for about 12 per cent of the post-R-7
(D,) section; thus, the gap may indeed be approximately
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two million years in duration. Another possibility would
be to correlate R-7 (D.) with the top of the uppermost
volcaniclastic debris flow V-1 in Core 397-79 (approx-
imately 750 m; see Wissmann, this volume).

Reflector R-8 (D,,) is correlated to Cores 397-85 and
397-86, and marks either the base of the volcaniclastic
sandstones derived from Fuerteventura (Cores 397-78 to
397-86: Schmincke and von Rad, this volume) or the top
of the thick debris flow V-3 in Core 397-85.

Tentatively, reflector R-9 (“‘rise-D,’”) can be assigned
to the level of Cores 397A-6 and 397A-7 at 960 to 990
meters sub-bottom, where we penetrated a 20 to 30
meter thick, partly graded, mixed clayey, quartzose,
volcaniclastic sandstone (hyaloclastite, V-4, Arthur
and von Rad, this volume). The early Miocene age as-
signment to reflector R-9 (rise-D,) in the vicinity of
the drill site suggests that this horizon beneath the
lowermost slope and upper rise is not the same as that
originally referred to as D, in the intermediate slope
region of Site 369 (see Wissmann, this volume). Prelim-
inary results suggest that the upper-rise D, reflector
(R-9) is isochronous with the intermediate-slope D,
reflector at Site 369 (early Miocene, Zone NN 4/5,
about 17 m.y.B.P.). The upper-rise D, reflector (R-7) is
time equivalent to an upslope reflector located at 0.1 s
sub-bottom at Site 369. This corresponds to a sub-
bottom depth of about 80 meters, below which extensive
reworking of middle Miocene faunas was observed
along with the mixing of nannoplanktons from the NN
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9 to the NN 7 zones. A marked change in sedimentation
rate is observed at 75 to 80 meters at Site 369 and is con-
sidered likely to be the same kind of stratigraphic distur-
bance located between Cores 397-70 and 397-73. Newer
data by Wissmann (this volume) and Hinz (this
volume), however, suggest that none of the slope reflec-
tors can be continued onto the upper rise.

The major discontinuity (R-10 or ‘‘D,’’) was even-
tually discovered at 1300 meters sub-bottom in Hole
397A and separates the early Miocene pebbly mudstone
lithologic Unit 4 from the Lower Cretaceous laminated
mudstone of Unit 5. It is expressed very vaguely on the
Meteor M25-A2 seismic profile at 5.09 s below sea level
(about 1.15 to 1.20 s below sea floor) at 1350 hours on
29 October, 1971, and on the GSI AlL line at SP 2500
(2445) at about 1.25 (1.30) s below sea floor (see Figures
21, 22, and 26). The gradient of the erosional escarp-
ment which truncates Paleogene to Lower Cretaceous
strata along the lower slope decreases gradually to the
uppermost rise. Due to the lack of a large impedance
contrast and differences in internal configuration (prox-
imal onlap or concordant relationship between the
Lower Miocene and Hauterivian strata) across the
100-m.y. hiatus at Site 397, this unconformity does not
produce a significant reflector which can be areally
mapped (Hinz; Wissmann; both, this volume). There-
fore, the early Miocene/Early Cretaceous unconformity
is not recognized on most single-channel reflection pro-
files, such as the Glomar Challenger profile (Figure 23).
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The travel time between the R-9 (rise-D,) reflector at
Site 397 (early Miocene) and the early Miocene/Hauteri-
vian unconformity (tentatively called R-10 or D, reflec-
tor) is about 0.20 s (profile M-25 A2, see Table 14).
With the R-9 reflector assigned to a downhole depth of
970 meters, the calculated interval compressional wav
velocity for R-9 to R-10 is about 3.3 km/s.

Measured Sonic and Interval Velocities

Figure 27 and Table 14 show the depth of reflectors,
interval compressional wave velocities, and measured
sound velocities for Site 397. Between R-1 and R-7 (0 to
700 m sub-bottom), the shipboard velocities are slightly
smaller than the computed average ‘‘in-situ’’ compres-
sional wave interval velocities. This systematic dif-
ference increases considerably between reflectors R-7
(700 m) and R-10 (1300 m), where the interval velocities
are 3.2 or 3.3 km/s, as compared to shipboard average
velocities of only 2.47 or 2.3 km/s (see also the Physical
Properties sections of this Site Report). The apparent
velocity inversion across the major unconformity (2.3

SITE 397

km/s above, 1.9 km/s below R-10) is probably not
representative of the earliest Cretaceous sediments,
because only the uppermost 153 meters (which showed a
downhole velocity increase) were penetrated.

SUMMARY AND CONCLUSIONS

Introduction

Holes 397 and 397A are located on the uppermost
continental rise, west-northwest of Cape Bojador
(northwestern Africa) at 26°50.7 ‘N, 15°10.8'W, in a
water depth of 2900 meters. The thick sequence of
Neogene rise sediments and the underlying Early Cre-
taceous strata were almost continuously cored down
to a single-bit record depth of 1453 meters sub-bottom.
In Hole 397, 1000 meters were penetrated, 981 meters
cored, and 584.83 meters recovered (60%). Because of a
plugged drill bit, a second hole (397A) was drilled at the
same site. Hole 397A yielded 52 cores, penetrated 467
meters, and recovered 242.66 meters (52%). Extremely
slow penetration rates (1 to 2 m/hr) in high-sedimenta-
tion-rate Lower Cretaceous mudstones, as well as time
constraints forced us to terminate this hole at 1453
meters, although the bit was still in satisfactory condi-
tion.

The major objective of Leg 47A, the first IPOD con-
tinental margin leg, was to decipher the complex Cre-
taceous and Tertiary history of a tectonically stable,
““flexured,”” mature passive margin; such a setting (see
Uchupi et al., 1976) is provided by the West Saharan
margin between the Precambrian to Paleozoic Requibat
Uplift (Cape Blanc) and the Antiatlas Uplift/South
Atlas Fault (Cape Juby). The subsiding edge of this
marginal basin has experienced major episodes of ero-
sion, non-deposition, and redeposition, especially dur-
ing the widespread mid-Cretaceous and mid-Tertiary
regressive events. Thus, Site 397 was expected to allow a
better reconstruction of the history of uplift and sub-
sidence; paleoenvironment evolution; and erosional,
depositional, and diagenetic processes from the Early
Cretaceous to Neogene. DSDP Site 369 on the continen-
tal slope nearby (Lancelot, Seibold, et al., 1978), dredg-
ing and coring of the continental slope (von Rad et al.,
1979), seismic information (Hinz; Wissmann; both, this
volume) and onshore and offshore commercial wells
from the Aaiun Basin (von Rad and Einsele, in press)
should allow sedimentological, paleontological, and
geodynamic rise-slope-shelf comparisons and the evalu-
ation of vertical gradients of water properties through
time.

The anticipated stratigraphy of Site 397 was based on
the interpretation of reflectors D, (R-9) as being mid-
Cretaceous to Eocene and D, (R-7) as being Oligocene
to early Miocene (Figures 21, 23; Table 14). This inter-
pretation was based on the literature (Seibold and Hinz,
1974; Uchupi et al., 1976), and on subsequent drilling
(Site 369) and presite surveys. The presence of 1300
meters of Neogene strata proved that this interpretation
was wrong and showed that it is almost impossible to
trace reflectors across the lower slope, where older
layers pinch out and younger ones are onlapping farther
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downslope. Apparently, the major 100-m.y. unconfor-
mity is not evident on most single-channel seismic
records, whereas strong reflectors may depict facies
changes within lithostratigraphic units.

While these considerations changed our original ob-
jectives, the continuously cored, very deep Hole 397
provided a number of unexpected and exciting discov-
eries: (a) a well-developed, complete, undisturbed, ex-
panded hemipelagic late Miocene to Quaternary section
of the eastern North Atlantic with optimal resolution
for nannofossil and foraminiferal biostratigraphy,
magnetostratigraphy, and paleoenvironment studies;
(b) rapidly deposited allochthonous lower Miocene mass
flow deposits and slumps, allowing the study of the
evolution of ‘“*flysch sedimentation’’ in an atectonic
passive margin setting; (c) enigmatic 100-m.y. hiatus
between lower Miocene strata and upper Hauterivian
prodelta muds (correlative with shallow-water and sub-
aerial deltaic subenvironments of the Aaiun/Tarfaya
Basin); and (d) ideal site to study the petroleum poten-
tial of the northwestern African margin, the diagenetic
evolution of organic matter and gasses, silica, and car-
bonate in a high-fertility, high-sedimentation rate,
relatively high-heat-flow continental margin setting.

This section attempts to summarize the major results
of the Site 397 contributions by the shipboard scientific
party (see also Sediment Summary Chart 1, back pocket,
this volume) and also quotes selected highlights from shore-
based researchers. For a more interpretative sedimen-
tary synthesis of the Leg 47A results (‘‘Evolution and
sedimentary history of the Cape Bojador continental
margin’’), see Arthur et al. (this volume); for a synthesis
of the late Neogene paleoenvironment, see Cita and
Ryan (this volume); for a synthesis of the Early Creta-
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ceous paleoenvironment, see Einsele and von Rad (this
volume).

Paleoenvironment and Sedimentary Processes
Jurassic to Hauterivian (the undrilled Mesozoic and basement)

According to seismic and magnetic data (Wissmann,
this volume; Hayes and Rabinowitz, 1975, their fig. 2
and 3), transitional (to oceanic?) crust, possibly Early
Jurassic (‘“‘Quiet Zone’’ 170 to 190 m.y.B.P.), underlies
Site 397 at a depth of about 9 to 10 s below sea level.
Thus, about 7 to 8 km of shallow-water carbonates (?)
and clastics were deposited at extremely high sedimenta-
tion and subsidence rates (?70 to 140 m/m.y.) within the
unpenetrated Early Jurassic to late Hauterivian interval
during the early rift, drift, and subsidence stages of this
divergent passive margin (von Rad and Einsele, in
press).

Late Hauterivian Facies and Paleoenvironment
(lithostratigraphic Unit 5; approximately
117 to 118 m.y.B.P.)

This interval, of which 153 meters were penetrated, is
characterized by monotonous, finely laminated, dark
gray, silty claystones rich in terrigenous components
(quartz, mica, plant debris),fish remains, and organic
matter, but poor in carbonate (10%) and microfossils.
Only primitive, small-sized globigerinids and a sparse,
moderately preserved, low-diversity benthic foramin-
iferal fauna were found. Because of the excellent preser-
vation of some aragonitic tests of Epistomina and a few
ammonites and pelecypods, the general low carbonate
content is explained by low productivity and a low
evolutionary level and dilution, rather than by dissolu-
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Figure 24. Single-channel seismic reflection profile Meteor M-46 37 across the outer Cape Bojador continental margin connecting DSDP Sites 369 and
397 (digital single-trace recording processed by BGR, Hannover; seismic source: 3 X 5 liter airguns). Interpretation and correlation with Sites 369
and 397 by Wissmann (this volume).
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TABLE 14
Correlation of Acoustic Reflectors (Glomar Challenger Profile) With Shipboard Sonic Velocity Measurements at Site 397

Two-Way | Two-way ] Hamilton Frame
Travel Travel Velocimeter
Time (s) Time (s) Sub-Bottom | Interval Typical Shipboard Averages
Reflector Acoustic Below Below Depth Velocity Sonic Velocity {no. of meas.
Designation Unit Sea Level | Sea Floor (m)2 Measurements in brackets) Comments
1.50
Sea floor 1.86 0.000 1.52 1.515 (Quaternary)
Unit 1 \ +0.03
43)
R-1 (a) : b 4.02 0.125 100 b s b i T s s e s it e e ] Brief hiatus with small in-
I [ crease of velocity gradient
R-2 (@) b 4.15 0.280 230 Brief hiatus with small in-
crease in velocity gradient
R-3 (v) Unit 2 4.23 0.360 320 1.60
+0.12
(84)
R-4(8) 4.39 0.525 450220
(or 400) (? top Messinian)
R-5 (e) 4.5 0.643 ss0 7777 T T T T T TT T T T TTTT TT T T T T 77T First chalks slumps
R-6 (%) ~~~t-b Unit 3a 4.64 0.770 68010 1.75 First limestones (2-m.y.
SRk el +0.25 hiatus)
______________________ (07 N
R-7 (“rise-D-2"") Unit 4 4.66 0.790 700+ 20 r2.9 +0.4 Volcaniclastic 2.2+03 Thick volcaniclastic debris
- __.l8andstone (F4B) __@oy_ _____] flows(V-1and V-3)
R-8 ("D-2a™ L ___._] 4.77 0.900 810+20 2.3 +0.3 pebbly mud- 247 +05
Unit § stone (F4A) (21)
2.2 +0.3 allochthonous Clayey-quartzose volcani-
R-9 (“rise-D-1"") | e e T4.B6 21.00 97020 | ______l mudstone (F-2/3} | oo oo oo oo clastic sandstone
Unit 6 2.1 £+0.2 autochthonous 2.3 +0.3 (Early Miocene)
mudstone (F-5) (28) (100-m.y. hiatus)
R-10 (major unconf.) hemncrnaab 75.06 71.200 1300 et e ]
Unit 7 (1.150) 1.85-2.10 (mudstone) 1.9 £0.2 Small velocity inversion
3.5-4.8 (siderite layers) (16) (Hauterivian)

ADistance between sea floor and correlated lithologic or impedance change.
See comments column.
tion (Butt; Roesler et al.; Basov et al.; all, this volume).
Locally, there are marlstones and surprisingly well-
preserved and diverse nannoflora. Numerous thin sider-
ite layers alternate with the mudstones.

The depositional environment was probably a distal
prodelta slope at a water depth of a few hundred to a
thousand meters and comparable to the Recent Niger
prodelta (Einsele and von Rad, this volume). Oxygen
depletion is suggested by an abundance or organic mat-
ter, paucity of benthic invertebrates, almost complete
lack of bioturbation, a distal setting by the dominance
of the clay fraction, the abundance of mica and plant
fragments, and the paucity and thinness of well-sorted
silt and very fine and layers. These were deposited by in-
termittent, low-velocity, bottom-seeking currents. A
downslope gradient and slope instability is indicated by
local slumps, contorted bedding, and consistently high
dipping laminations. The spectacular mm-thick, varve-
like lamination is due to annual or longer term climatic
variations, storm periods, etc., under conditions of oxy-
gen depletion and very high sedimentation rates (75 to
150 m/m.y.). Coeval sediments of the Aaiun coastal
basin represent the landward neritic, intertidal, la-
goonal, and alluvial plain subenvironments of a wide-
spread ‘“Wealden-type’’ prograding delta system which
was fed by rivers draining the crystalline Precambrian
Requibat Massif and the Paleozoic rocks of the Maure-
tanides and/or Antiatlas Mountains (Einsele and von
Rad, this volume). Most of the organic matter consists
of woody and coaly substances, derived from higher
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land plants (Cornford, this volume). The plant frag-
ments and the detrital clay mineral association (abun-
dant, well-crystallized illite, common kaolinite, and
chlorite) suggest a temperate, humid climate, and ero-
sion of crystalline rocks, more or less weathered by
pedogenesis (Chamley and d’Argoud, this volume).

The 100-m.y. Hiatus (Hauterivian to early Miocene)

This stratigraphic gap is a true chasm. The lithology
changes at 1300 meters sub-bottom from a compacted
upper Hauterivian unburrowed shale to a semi-indur-
ated radiolarian-nannofossil mudstone that was de-
posited during the early Miocene. Because of the large
gap in the fossil record, it is difficult to date more ac-
curately the pre-early Miocene destruction of the con-
tinental slope and rise. However, reworked fossils and
lithologies help to bridge the missing record (Arthur and
von Rad, this volume); these include: (1) upper Aptian
to Albian nannofossils in a mid-Miocene slump (Core
397-57); (2) a pot-middle Albian limestone in a lower
Miocene pebbly mudstone (Core 397-89); (3) a Turonian
to lower Coniacian mudstone (Core 397-89); (4) re-
worked Cretaceous and Eocene benthic foraminifers in
allochthonous sediments of Unit 4; (5)? Eocene porcel-
lanites and cherts; and (6) upper Oligocene (P. 21,
NP24) hemipelagic sediments found as thin stringers in
lower Miocene debris flow deposits. This proves that a
more or less complete Middle Cretaceous to Oligocene
sedimentary record did exist on the uppermost rise at
the end of the Paleogene. Tentatively, we suggest a
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middle Oligocene to earliest Miocene age for this large-
scale erosional event, more or less coinciding with the
initition of a deep-seated circum-Antarctic flow at 30 to
25 m.y.B.P. after the onset of substantial Antarctic
glaciation near the Eocene/Oligocene boundary (Ken-
nett, 1977). Additional earlier hiatuses of shorter dura-
tion, e.g., during the Paleocene to early Miocene and
during parts of the ‘“*“Middle’’ Cretaceous, might be in-
ferred from the record of DSDP Site 369 and from the
Aaiun Basin (Arthur et al., this volume).

Although the major upper rise unconformity may be
the result of the superposition of several hiatuses, the
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large-scale erosion of the outer continental margin
beyond a water depth of 2500 meters was probably ac-
complished during a relatively brief interval of a few to
10 million vears in the late Paleogene (?middle to late
Oligocene). This erosion may have been caused by geos-
trophic contour-following eastern boundary currents in-
tensified by the late Oligocene initiation of the strong
circum-Antarctic bottom-water circulation after the
separation of Australia from Antarctica (Kennett et al.,
1975), coinciding with the major late Oligocene regres-
sion.

Study of seismic records (Hinz; Wissmann; both, this
volume) revealed that 1 to 2 km of sediment were defin-
itely eroded along extensive parts of the lowermost slope
and uppermost rise off northwestern Africa. Inferences
from the degree of maturation of organic matter (Corn-
ford et al., this volume) suggest a maximum removal of
1.3 km of pre-Miocene sediments and do not contradict
the seismic interpretations. A vast amount of sediment,
conceivably 7,500 to 15,000 km®, was probably eroded
from an ancient prograding slope by steady geostrophic
currents. This resulted in erosion from an inclined sur-
face of > 10,000 km? and in the back-cutting of an exag-
gerated escarpment into the Mesozoic to Paleogene
margin. It probably also caused isostatic readjustment
of the unloaded portion of the margin forming the
“slope anticline’” and further increasing the gradient
and instability of the slope. It is unknown where this
huge volume of eroded Lower Cretaceous to Oligocene
sediments came to rest. It is not found on the upper rise,
the repository typically proposed for such talus mater-
ial.

Lower to Middle Miocene
Gravitative Deposition of Allochthonous Sediments
(lithostratigraphic Units 3 and 4; 22 to 9 m.y.B.P.)

Erosion of the upper continental rise ceased abruptly
during the earliest Miocene (about 20 to 22 m.y.B.P.),
when cascades of debris slumped down the oversteep-
ened lower continental slope and accumulated rapidly
(110 to 140 m/m.y.) on the erosion surface at the lower
slope/upper rise boundary (Arthur and von Rad, this
volume). Units 3 and 4 consist of a 650-meter-thick
“flyschoid”’ sequence with a preponderance of alloch-
thonous sediment types, such as graded and ungraded
sandstones, sandy mudstones, volcaniclastic sand-
stones, and amalgamated pebbly mudstones. A wide
variety of composition, texture and sedimentary struc-
tures was encountered and a confusing juxtaposition of
““gravitational’’ or allochthonous (80 to 90% of sedi-
ment section!) and ‘‘autochthonous’’ hemipelagic litho-
types. By a careful study of sediment color, composi-
tion, structures, and bioturbation, six distinctive al-
lochthonous facies (F1 to 4C), and one hemipelagic
(‘‘autochthonous’’) facies type (F-5) were differentiated
and inferences on their provenance and transport
mechanisms were defined by the shipboard sedimentol-
ogists (see Arthur et al., this volume). The following
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evolutionary sequence of gravitational mass transport-
ing processes is proposed (Arthur and von Rad, this
volume):

1) At about 20 to 18 m.y.B.P., transverse debris
flows, derived from the (upper) slope, rapidly deposited
chaotic pebbly mudstones with plastically deformed
(sheared and stretched) mudstone clasts (F-4A,).
Towards the top of this section, mudstone clasts are
rounded and not deformed by syndepositional shear
(F-4A.,). The clasts include hemipelagic and upper slope
carbonaceous lower Miocene mudstones and a few frag-
ments from Aptian to Oligocene strata outcropping
along the erosional scarp. The pebbly mudstones are in-
terbedded with dark olive-gray, carbonaceous fine-
grained turbidites or turbid layer sediments (F-2 and
F-3).

2) About 18 to 17 m.y.B.P., poorly sorted debris or
grain flow deposits with abundant pebbly quartz and
shallow-water calcareous skeletal material (solitary cor-
als, pelecypods, gastropods, worm tubes) and only a
few mudstone clasts (F-4C) reached the area of Site 397.
They might be derived from the periodic flushing of
canyon head reservoirs near the shelf edge.

3) Fewer debris flows, but more graded turbiditic
sandstones (F-1) and more hemipelagic sediments (F-5)
have been deposited since 17 m.y.B.P., signaling a fur-
ther diminishment of the slope-rise gradient. However,
most turbidites still bypassed Site 397 on their way to
the lower rise. Well-sorted, quartzose, calcareous sand-
stones (F-1A) are possibly turbidites, funneled longitu-
dinally into the elongated southern Canary Island Chan-
nel from a nearshore source along the south Moroccan
coast. About 17 to 16.5 m.y.B.P., several meter-thick
volcaniclastic sandstones (F-4B)were deposited by tur-
bidity currents or grain flows draining the emerging
volcanic Canary Islands situated to the north and north-
east.

4) Finally, downslope creep and slumping of hemi-
pelagic sediments stabilized the slope (between 12 and 9
m.y.B.P.), the gradient of which no longer was steep
enough for the detachment of debris flows and turbidity
currents. A 50-meter-thick interval consists of about 20
individual decimeter to meter-thick intraformational
slump zones of laminated chalks of only slightly young-
er age (middle Miocene, N.12-14) than the associated
autochthonous sediments (early late Miocene, N.16).
At the same time, only a few very thin distal turbidites
and/or contourites were deposited on a stabilized upper
rise which, since 9 m.y.B.P., received almost solely au-
tochthonous, hemipelagic marly sediments.

During the middle Miocene, sedimentation rates
decreased drastically (20 to 50 m/m.y.). Also, two
hiatuses were recognized on the basis of nannoplankton
and/or foraminiferal biostratigraphy: one about 15
m.y.B.P. and a longer one from 12.5 to 10.5 m.y.B.P.
The former possibly can be correlated with the begin-
ning of oceanic circulation related to the development
of the Antarctic Convergence (Kennett, 1977). This se-
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quence is characterized by a great variety of downslope
transport mechanisms, including debris and grain flows,
turbidity currents, turbid layer transport, (?)contour
currents, slumping, and slow downslope creep. Surpris-
ingly, no active tectonism is necessary to generate such
chaotic sediment sequences, which strikingly resemble
flysch and ‘“‘wildflysch”’ assemblages from elongate
troughs and trenches along consuming plate boundaries
(active margins), such as the Cretaceous-Paleogene Car-
pathian flysch and the Recent Puerto Rico Trench. Ap-
parently, ‘“‘passive’’ margins are subject to a remarkable
vertical (isostatic) adjustment after unloading by ero-
sion. The rapid gravitational sedimentation is only the
compensation of an oversteepened scarp which was
sculptured by intensified geostrophic currents, until an
equilibrium gradient is re-established (Arthur and von
Rad, this volume).

The coarse-fraction of the lowermost Miocene con-
sists of fine-grained quartz, mica, and plant material,
thus suggesting phases of wet climate (Sarnthein, this
volume). Fish debris and echinoderm remains might in-
dicate enhanced fertility on the shelf (? early Miocene
delta; Sarnthein, this volume). Radiolarians suggest
upwelling conditions (? related to Southern Hemisphere
glaciation) in the earliest Miocene (20 to 17 m.y.B.P.).
Coarse frosted-quartz grains might indicate dune for-
mation and more arid climate in the late-early and
middle Miocene. In the allochthonous sediments, both
benthic and planktonic foraminifers are much better
preserved than in the autochthonous facies. Benthic
foraminifers indicate bathyal (>1500 m) water depth
for the hemipelagic sediments. The benthic foraminifers
give valuable clues to the source environment of the
allochthonous sediment types: about 20 to 18 m.y.B.P.,
intermittent sediment displacement affected mostly the
outer and inner shelf; 18 to 12.5 m.y.B.P., maximum
and continuous sediment displacement occurred which
affected the entire shelf and upper slope (including
outer-shelf faunas of Eocene to early Oligocene).
Coarse-shelled fragments of calcareous algae, solitary
corals, bryozoans, barnacles, decapods, serpulids, mol-
mollusks, phosphorite, ooides, and glauconite indicate
maximum shallow-water input about 18 to 17 m.y.B.P.
This association suggests a warm, temperate, shallow-
water environment. The slumps, deposited about 10-9
m.y.B.P., are only derived from the outer shelf and up-
per slope.

The sediment material from the upper slope is a dark
olive-green to brown-black mudstone which is not bur-
rowed and is rich in organic carbon (3 to 4%). The ben-
thic populations have a low species diversity, possibly
pointing to an expanded oxygen-minimum layer. Ap-
parently, these sediments were derived from the oxygen-
depleted upper-slope regime. Preservation of calcitic
and aragonitic tests is much better in the gravitational
mudstone pebbles than in the bioturbated hemipelagic
sediments. Smectite is the most abundant clay mineral
of Unit 4; it is probably derived from the erosion of



montmorillonite-rich soils under warm conditions with
seasonal contrasts in humidity (Chamley and d’Argoud,
this volume).

Neogene Evolution of Canary Island Volcanism

Several volcaniclastic sandstones and conglomerates
(lithofacies F-4B) were deposited as mass-flow deposits
in the southern Canary Island Channel. In particular,
these include a 7.8-meter-thick, indistinctly graded,
altered palagonite tuff (hyaloclastite, flow ‘‘V-3,”
Cores 397-84 and 397-85) and a 4.5-meter-thick tuffa-
ceous sandstone to conglomerate (flow V-1, Cores
397-79 and 397-80) with subaerial detritus (basalt to
‘““microgabbro’’) and tachylite from lavas advancing
into the sea. The stratigraphic distribution of the dif-
ferent types of volcaniclastics reflects the early to mid-
dle Miocene uplift and emergence of the Canary Is-
lands, in general, and that of Fuerteventura, the prob-
able source area for the volcaniclastic flows, in par-
ticular. Volcanic activity was most intense during the
shield-building stage producing mass-flow deposits (a)
during a submarine stage (flow V-3), about 17 m.y.
B.P., and (b) during a subaerial shield stage (flow
V-1), about 16.5 m.y.B.P. (Schmincke and von Rad,
this volume). Approximately 19 m.y.B.P., ash falls
derived from trachytic volcanic eruptions were depos-
ited in the lower-most Miocene and might be the earliest
datable record of volcanic activity after the formation
of the ‘“‘basement-complex’’ at Fuerteventura. Fifteen
Eolian vitreous (to zeolitized) ash layers are present
in the mid-Miocene to Quaternary sediment and indi-
cate less voluminous, but highly differentiated volcanic
events from 14 to 9 m.y.B.P. (rhyolitic eruptions on
Gran Canaria?), about 4 m.y.B.P., and from 3.3 to 0.3
m.y.B.P. (trachytic to phonolitic eruptions on
Tenerife?).

Upper Neogene Autochthonous Hemipelagic Sediments
(lithostratigraphic Units 1 and 2; late Miocene to
Quaternary, 9 m.y.B.P. to present)

The more or less siliceous, nannofossil oozes, marls,
and chalks of this 550-meter-thick, undisturbed, he-
mipelagic section were rapidly deposited (60 to 80 m/
m.y.) under conditions of upwelling, high fertility
and good ventilation. Average carbonate content is 55
per cent (marl) and organic carbon content is low
(<0.5%; up to 1.2% in Unit 1). Bioturbation is com-
monly observed. Some well-bedded and finely lami-
nated intervals are indicative of winnowing tractive
(?contour-following) currents or turbid layer transport.
The uniformity of this biogenic hemipelagic carbonate
ooze sedimentation was surprising, when one considers
its proximity to the African continent (which received
little coarse-grained terrigenous input over a period of 9
m.y.). Dissolution pulses are recorded by a maximum of
fragmented foraminifers and comparatively low CaCO,
percentages in the uppermost Miocene (about 6 to 8
m.y.B.P.) and might reflect a rise of the CCD during
the Messinian ‘‘salinity crisis’® (Cita and Ryan, this
volume).
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A detailed investigation of the wide-ranged detrital
clay mineral assemblage and of the coarse fraction al-
lowed the following inferences on the development of
the paleoclimate and paleoceanography (see Diester-
Haass; Chamley and d’Argoud; Chamley and Diester-
Haass; all, this volume).

According to these authors, an arid climate is in-
dicated by low terrigenous input, high content of wind-
transported red-stained ‘‘desert quartz,”’ chlorite, and
detrital (wind-blown) palygorskite. Humid conditions
are inferred from a high input of river-transported
terrigenous components (e.g., plant fibers, mica,
feldspar), irregular mixed-layer clay minerals, and
shallow-water particles due to lowered sea level; during
those periods, a degradation of clay minerals by soil for-
mation was noted. Strong Quaternary to late Pliocene
upwelling is suggested by a high content of siliceous
organisms, and increased percentages of benthic fora-
minifers, echinoderms, and ostracodes; upwelling ap-
pears to correlate with a humid climate. According to
Diester-Haass (this volume), humid intervals with high
shallow-water input (e.g., the late Miocene) correlate
positively with cold climatic phases and high (i.e.,
heavier) 6'*O values (Shackleton and Cita, this volume).

Sarnthein (in Arthur et al. this volume) and Lutze et
al. point out that increased input of terrigenous sedi-
ment and presence of red-stained quartz is not related to
either humid or arid climate in northwestern Africa.
Stained quartz is also characteristic of lateritic weather-
ing; coarse silt and fine sand grain sizes are typical of
lowland rivers and wind-transported dust. According to
Sarnthein, additional coarse terrigenous sediment is
supplied by downslope particle-by-particle transport
from the shelf, mainly controlled by sea-level and swell
changes.

The rapid upbuilding of a hemipelagic sediment
wedge was only briefly interrupted by minor hiatuses or
condensed sequences, about 3 and 0.9 m.y.B.P. (based
on foraminiferal biostratigraphy and magnetostratig-
raphy). The 3-m.y.B.P. hiatus tentatively might be cor-
related with the cutting of marine terraces on Gran
Canaria due to glacioeustatic regression (erosional inter-
val II, Lietz and Schmincke, 1975) and the start of the
Northern Hemisphere ice-sheet development. Probably
not only high fertility and upwelling, but also contour-
parallel geostrophic currents were responsible for the
concentration of the fine-grained hemipelagic drape
along the foot of the continental slope.

The late Pleistocene record of the last 90,000 years
was studied in detail in a 9.4 meter long section in two
Meteor cores. Lutze et al (this volume) used these cores
as a reference section for the climatological and sedi-
mentary interpretation of the Neogene of Site 397. They
derived sedimentation rates of 7-9 ¢cm/1000 years for
the warm and 15-20 cm/1000 years for the cold stages.

Biostratigraphy and Magnetostratigraphy

The continuously cored, undisturbed, high-sedimen-
tation-rate, hemipelagic, upper Miocene to Quaternary
section (Units 1 and 2) is ideal for a refinement of the
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planktonic foraminiferal (Salvatorini and Cita, this
volume) and nannoplankton stratigraphy (Cepek and
Wind; Mazzei et al.; both this volume), as well as of a
local Neogene benthic foraminiferal stratigraphy
(Lutze, in Site Chapter, this volume) and magnetostra-
tigraphy (Hamilton, this volume). Thus, Site 397 is a
valuable reference section for correlations with other
eastern Atlantic and Mediterranean onshore and off-
shore upper Neogene sequences. The biostratigraphic
“‘signal’’ is not disturbed by slumping, reworking from
older formations, or downslope displacement of coeval
benthic organisms. Only minimal CaCO, dissolution
and minor hiatuses or condensed series were noted (Cita
and Ryan, this volume; Salvatorini and Cita, this vol-
ume). During the Quaternary and most of the Pliocene,
abundance and diversity of calcareous plankton is high
and preservation excellent. Dissolution increases toward
the late Miocene, where preservation is good to moder-
ate.

Below 550 meters (Units 3 and 4), preservation
decreases and the disturbance of the biostratigraphic
record by slumping, reworking, downslope displace-
ment, and erosional hiatuses increases continuously
down to the base of the lower Miocene. Few autoch-
thonous corroded benthic foraminifers are present in
Unit 4, whereas the better-preserved, displaced, shallow
water forms allows the detection of the source en-
vironments which were actively eroded (Lutze, this
volume).

The first on-board paleomagnetic study of a con-
tinuously cored sediment sequence established a mag-
netic polarity stratigraphy from the Brunhes down to
Epoch 7 (Cores 397-1 to 397-57), although the inten-
sities of natural remanent magnetization are very low
(0.1 to 0.7 x 10¢ G). This magnetostratigraphy is con-
trolled by the detailed biostratigraphy and allows ten-
tative inferences about short-term hiatuses or condensed
sequences in the Pliocene-Pleistocene which could not
be resolved by the nannoplankton or foraminiferal
zonation.

In general, the upper Hauterivian mudstones con-
tained only a sparse, low-diversity foraminiferal fauna
and nannoflora. The benthic foraminifers are neither
age-diagnostic, nor do they provide unambiguous clues
to paleodepth and ecology (Rosler et al.; Butt; Basov et
al.; all, this volume). Locally, nannofossil marls are pre-
sent with a surprisingly well-preserved ammonite fauna
(Wiedmann, this volume) and diverse nannoflora, con-
sisting of >60 (partly new) species (Wind and Cepek
this volume). For Hauterivian nannofossils, this is one
of the best DSDP sections drilled thus far.

Diagenesis of Organic Matter, Carbonate, and Silica

Organic Matter and Hydrocarbon Gases

Within the uppermost 200 meters, the organic carbon
percentages fluctuate considerably (0.1 to 1.0%). Local
high values are due to high late Pliocene-Quaternary
bioproduction (upwelling). The autochthonous, hemi-
pelagic carbonate-rich oozes, marls, and chalks between
200 and 1300 meters contain <0.5% C,,, whereas the

86

allochthonous middle to lower Miocene turbidites and
debris flows are much richer in organic matter (I to
4%); vitrinite-huminite and inertinite are prominent, all
from higher plants or terrestrial input (Cornford et al.,
this volume). Organic-rich sediments, derived from the
oxygen-depleted upper-slope regime, seemingly were
emplaced and preserved by the mass transport and
thereby evaded biochemical degradation in the oxygen-
ated deeper waters. This is an important aspect when
prospecting for hydrocarbons in the rapidly deposited
flyschoid sediments of the upper continental rises. The
organic matter of the upper Hauterivian sediments (0.4
to 0.8% C, ) is exclusively vitrinitic and inertinitic,
pointing to an input by higher terrestrial plants.

The increase of reflectivity of small dispersed
vitrinite-huminite particles indicates maturation of
organic matter (Cornford et al., this volume). Because
no significant break in maturity across the 100-m.y. un-
conformity was recognized, the inferred present in-situ
temperatures (about 65 °C) at 1450 meters are probably
the highest yet generated in these sediments. This sug-
gests that less than 1300 meters of sediments were
eroded between the late Hauterivian and early Miocene.
Slightly higher than normal temperatures and vitrinite
reflectances are probably due to short-duration heating
by rapidly deposited Neogene sediments and/or the
middle Miocene emergence of Canary Island volcanoes
(10°C/4m.y.).

In terms of petroleum generation, the sediments are
immature. Given enough suitable source material, the
onset of petroleum genesis would start slightly below the
base of the hole (> 65 °C); but no migratory gas was en-
countered below 1300 meters (see discussion in Arthur
et al., this volume).

Methane and trace quantities of C; to Cs hydrocar-
bons, generated by poorly understood low-temperature
diagenetic processes, were continuously monitored as a
safety measure (Whelan, this volume). Methane and
successively higher hydrocarbon gasses are present be-
tween 196 and 1450 meters. No evidence of potentially
hazardous hydrocarbon accumulations or source beds
was found. The “‘in-phase behavior’’ of C; to C; hydro-
carbon gasses in fine-grained sediments proved their
nonmigratory character. Lateral preferential movement
and entrapment of the lighter C, and C, hydrocarbons
with respect to the C,, C,, and C;s gasses occurred in a
stratigraphic pinch-out zone with porous coarse-grained
sediments between reflectors R-7 (D) and R-8 (D.,),
between about 700 and 800 meters. Trace C, to Cs gas
patterns correlate surprisingly well with the seismic and
lithologic horizons, as well as with the physical proper-
ties of the strata. Isotopic data (6'°C values between
—60 and —80) indicate that all the methane is of
biogenic, rather than petrogenic origin (Whelan, this
volume).

Carbonate Diagenesis

The transition of calcareous oozes to chalks occurs
between 380 and 490 meters; that of chalk to limestone,
below about 700 meters. The CaCO; cementation of
autochthonous calcareous and allochthonous silty-



sandy sediments increases discontinuously with increas-
ing burial depth, and produces major seismic reflectors
at 700 to 850 meters. The change to a dominantly clayey
facies at the middle/lower Miocene boundary is respon-
sible for the paucity of calcite cement in Unit 4. Accord-
ing to Riech (personal communication, see also Sedi-
ment Summary Chart 1, back pocket, this volume), com-
position of the original sediment (‘‘diagenetic poten-
tial’’), burial depth (pressure, temperature), and car-
bonate nucleation conditions are the major factors in-
fluencing the processes of early carbonate diagenesis.

Micritic dolomites and individual rhombs of dolo-
mite (and siderite) occur in lower Miocene mudstones
between 850 and 1300 meters. These dolomites are prob-
ably of diagenetic origin, although reworking from the
shelf cannot be completely excluded (Riech, personal
communication). Numerous thin siderite layers and
some nodules are interbedded with the Hauterivian silty
claystones. Most of this micritic siderite appears to be of
diagenetic origin; it was formed in situ after the precipi-
tation of pyrite, and possibly replaces earlier calcite
(Einsele and von Rad, this volume).

Silica Diagenesis

The formation of zeolites is clearly dependent on the
facies of the host sediments and burial depth (Riech,
this volume); phillipsite is always associated with dia-
genetically altered volcanic glass and forms in Pliocene
to middle Miocene sediments below 300 meters burial
depth. Clinoptilolite, derived from dissolved opaline
organisms at burial depths between 700 and 1300 me-
ters, mostly fills foraminiferal pore space. It is often
associated with opal-CT (i.e., disordered low-tempera-
ture cristobalite-tridymite) and is always precipitated
after calcite cement. Significant amounts of opal-CT are
found only in a few silicified mudstones and porcellan-
ites of earliest Miocene age. The in-situ transformation
of amorphous skeletal opal into opal-CT occurs at
about the same burial depth (700 m) below which silica
or clinoptilolite starts to be precipitated from interstitial
solutions.

Physical Properties and Seismic Stratigraphy

The uniform, undisturbed sediment character of this
continuously cored, deep hole also proved ideal for a
study of the change of physical properties with depth
(Williams and Mountain, Part 2 of this volume). Units 1
and 2 (0 to 686 m) have uniform gradients with a continu-
ous increase of sonic velocity (1.51 to 1,70 km/s) and
wet density (1.55 to 1.97), and a decrease of porosity (69
to 41%) and water content (45 to 21 %). Two small hia-
tuses might be present at 100 and 230 meters, as sug-
gested by an abnormal increase of density and velocity
below these depths. Because of the wide range of lithol-
ogies, Units 3 and 4 (686 to 1300 m) show scattered
values. The velocity for autochthonous sediments (F-5)
is 2.09 + 0.21 km/s; for volcaniclastic debris flows
(F-4B), 2.73 + 0.41 km/s; for chalks, 1.53 to 2.06
(depending on compaction); and for calcareous sand-
stones (F-16), even 3.53 km/s.
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Surprisingly, a slight velocity inversion is seen at 1300
meters with 1.93 km/s above and 1.85 km/s below the
100-m.y. hiatus. The mudstones of the bottom of the
hole have densities of 2.3 and maximum velocities of 2.1
km/s (compared with maximum velocities in thin sider-
ite layers of 3.5 to 4.8 km/s). These values are similar to
those extrapolated from the nearly continuous Neogene
curve downward, suggesting that the late Hauterivian
was buried by about 1300 meters of strata prior to pre-
Miocene large-scale erosion. This agrees with inferences
from the maturation of organic matter.

The temperature gradient derived from two reliable
in-situ measurements of the upper 450 meters is about
4°/100 m. This is a comparatively high value for a con-
tinental margin setting (only 1°/100 m at Site 398) and
was possibly influenced by the Canary Island volcanism
since the middle Miocene. Thermal conductivities per-
mit a rough calculation of heat flow at 1.3 to 1.5 yum
cal/cm?.

Seismic reflectors are correlated with lithostratig-
raphic, organic geochemical, and bulk property varia-
tions. Certain acoustic horizons (e.g., R-7, R-10) corre-
spond to biostratigraphically recognized hiatuses. Other
horizons (e.g., R-8, R-9) reflect only acoustic imped-
ance variations due to rapid facies changes (e.g., vol-
caniclastic sandstones; thick amalgamated debris flows,
sequences of limestones, etc.) within stratigraphically
complete units.

Acoustic stratification in the Quaternary is strong
and probably a climatic signature caused by changes in
the ‘‘diagenetic potential”’ of calcareous components
(carbonate cycles), related to climate-induced oceano-
graphic events. Reflector R-2 is tentatively correlated
with a minor hiatus at about 3 m.y.B.P.; reflector R-5
(550 m) marks the top of the lower-upper Miocene
slump deposits; reflector R-6 correlates with the 12.5 to
10.5 m.y. hiatus; and reflector R-7 (‘‘D,’’) surface (see
Figure 25; Wissmann; Schmincke and von Rad, all, this
volume) display a trough-like configuration with south-
westward-plunging axis. The interval between R-7 and
R-8 (825 m) is highly stratified, probably due to the very
dense volcaniclastic sandstones, whereas the section be-
tween R-8 and R-9 (““D,”’) is transparent (pebbly mud-
stones). Reflector R-9 can be tentatively assigned to a
thick, partly graded, volcaniclastic pebbly mudstone
between 960 and 985 meters (Core 397A-6). The major
unconformity at 1300 meters sub-bottom (R-10; ““D,’")
is only vaguely expressed on some of the seismic pro-
files.

According to Seibold and Hinz (1974), the key
features of the investigated area are two major uncon-
formities and an ‘‘anticlinal’’ structure (‘‘slope an-
ticline’’) underneath the lower continental slope. These
features were detected by shallow-penetration seismic
records. Subsequent multichannel seismic profiles re-
vealed a sequence of horizontal to landward dipping
layers underneath the anticlinal structure (Wissmann;
Hinz; both, this volume). Present information points to
a 3 to 5 km-thick deltaic Early Cretaceous basin fill
overlying a thick pile of Jurassic carbonates under the
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present upper slope (see Frontispiece). Surprising was
the absence of Upper Cretaceous and Paleogene sedi-
ments known from Site 369 and predicted from geo-
physical and dredge surveys to be present under reflec-
tor R-7 (D;). Additional seismic profiles, inspection of
commercial multichannel lines, and correlation with
DSDP sites (139, 367 to 369, and 397) allowed a ten-
tative re-evaluation: the uppermost major unconformity
under the present upper continental rise is of Oligocene-
early Miocene age, whereas older (Paleogene and mid-
Cretaceous) unconformities are present under the slope.
The surprising results from DSDP sites and the com-
mercial onshore and offshore wells of the Aaiun Basin
provide us with the opportunity to test and revise the
models for the interpretation of seismic sequences on
the continental margin off northwestern Africa (Hinz;
Wissmann; both, this volume,
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PLATE 1

Evolutionary transition from Globorotalia tosaensis to
G. truncatulinoides as recorded in Core 397-15 (200).

Figures 1-3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Umbilical views of Globorotalia tosaensis Takaya-
nagi and Saito from (respectively) Samples 397-
15-1, 50-52 cm; 397-15-2, 50-52 ¢cm; and 397-15-3,
50-52 cm.

Side view of G. tosaensis from Sample 397-15-5,
50-52 cm.

Umbilical view of G. tosaensis from Sample
397-15-6, 50-52 cm.

Spiral view of a specimen transitional to G. frun-
catulinoides, with a faint, imperforate peripheral
keel in the last formed chamber.

Side view of a primitive form of G. trun-
catulinoides recorded in Sample 397-15-2, 50-52
cm.

Umbilical view of G. truncatulinoides from Sam-
ple 397-15-3, 50-52 cm.

Spiral view of a fully keeled specimen of G. trun-
catulinoides from Sample 397-15-1, 50-52 cm. The
FAD of G. fruncatulinoides is located in Section
3, where the first fully keeled forms are recorded.
It occurs at the base of an interval with normal
remanent magnetization, interpreted as the
Olduvai event (Hamilton, this volume).
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CORE DESCRIPTIONS, SITE 397!
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Explanatory notes in Chapter |

1 Information on core description sheets represents field notes taken aboard ship under time
Some of this information has been refined in accord with postcruise findings, but
production schedules prohibit definitive correlation of these sheets with subsequent findings.
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Thus the reader should be alerted to the occasional ambiguity or.discrepancy.
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45%  nannos

20 forams

20 clay

10 quartz

5 pyrite
carb. unspec,
tr moll, det,
tr glauc.
tr diatoms
tr rads

NANND OOZE

55: 5-74 com

nannos
0 clay
(] forams
5 pyrite
4 carb, unspec,
4 quartz
tr mica
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Ca(03!

Sect. 2-34 cms 56
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LECO:
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SITE 397 HOLE cORE_ 3 CORED INTERVAL: 18.5-28 m SITE 397 HOLE coRe 4 CORED INTERVAL: 28-37.5 m
FOSSIL | FrossiL
IONE = NE e
cuaracres| Y=, TONElewanacren| | gl=d,
w w Z[ 1 =
_, 2la| 2] 8| craruic |o5z=5 DESCRIFTION - 2|a| |8| & | sraPHIC 3 ITHOLOGIC DESCRIPTION
¢ |28 2 2|8| [5| & | utHoloeY[2 e HIHGLAGIC-DESCRIET ¢ |2 § <|g| |5| & | utHotoey EE.E LITHOLOGIC DE
B HEHEEE =324 HHEEHEHE B
< 2o = | <| s =
2| z|d|u|Z i S 2| z|d|4|= e
1L MARLY NAKND OOZE = dom. 1ith. = = " "'_‘_"' Fyritized MANND DDZE = dom. lith.
= : H,% smell, soupy, scat. Felx g _L_-L_L-l- = worm burrow Soupy-sticky: smell of Hu5;
Ag-l Ml specks. P Dt Benagi | pyritized worm burrows and
o =] : L P o544, | scat, blebs of pyrite.
: | Ao T i
2 1 = 8§ 1 o iy g |
= ]! (e g s Pl 1
e H 5 L )| NARNO 00ZE
= By ] = o gt iy
ik g T R 55: 2-12, 52.5
i I g Shpep W : » 52.5 cm
R 3 NANNO OOZE - MARLY NANND DOZE E .J__I_.L_L_J. 4-71 em
1 voio & e e B 1 85-90% na
. 1 3 =l St nnos
i—l—i—l— : * ;jn ﬂ }E A el et By 12 tr-1g guartz
= | - by s ‘orams
hg- Pt I 70-80% nannos Ao P 2. 5 carb. unspec.
L= pe
2 _L.i__l__-l- | tr=10  clay 2 - tr- 5 clay
bl el 1 | 0-10 forams ""_._""_4_" | tr{12) dolomite
ey 5 carb. unspec. e s B tr(12) pteropod
=y =y | tr- 5 diatoms - M Ay tr mica
P tr- 5 rads <] i l_.:'u_ o tr heavy mins,
b tr  quartz o B sl Rnart| BN tr  glauc,
“_-.LJ_-J- | tr  feldspar =1 ,_,!Em tr pyrite
L tr  mica = Mt T i tr diatoms
2y tr  heavy mins. E §— hg PRt T T tr  rads
o _I.-LJ.J" tr  pyrite 2|3 g -.J-L.J-L-L | tr  sponge spics,
u I e T ] tr  sponge spics. 4 L) |
] 3 _._.LJ_.I_ | o 3 u_*.l__'.__l.
Y L, A o b e |
- s J'_I.. a2 P et ]
E | 4.-:-!-_1_] | ! 2| = o et :
Z |5 B e & gl Goya 41 2l s R g el ey I
B = L 1 g gt
£ (2 et 3§ T -
£ |8 N gyl Y S N B ol § il Sl 1
AN =, § PR ] .
g He > | 3a|—‘
3E |ned | Ag-
& % g J'l,-LJ-. 1 Pyritized 'E 9 e —
Bl 4 HeL | | worm burrow 3 4 g 7
“-"2 g .J.-I_.I_J_ | ,'E .L-LA_ f DIATOM FORAM MANNO 0OZE
3 P TE ] =
[t §' A"::-_J‘i ]I g L ‘ 55: 4-38 om
% BN T ol & e e | 555 namncs
B W'LEI. ” = - 10 forams
= hg- pE Fiegudl Ty 10 quartz
B Bl 1y | Lt B, 10 diatoms
A _4_'4_1_._ | Ag-Ca4Ag IJ__L 5 c?rb. unspec,
e 5 glauc,
ol b B -
5 =2 elpetiz i 5 pyrite
B o i I M b CatOg®  Cyp tr dolonite
- A Bl tr moll, filam,
Fopta ! LECO:  Sect. 1-46 cms 56 0.3 tr  heavy mins.
Ly At ct, 3-63 cms 73 0.2 tr  sponge spics.
'I__L.-L- I CARE, BOMB: Sect, 1-56 to 58 cms 79
o Lo | Sect, 3-8 to 50 cms 65
= "'.1_"': I Sect. 4-68 to 70 cms 68 CaC0,%
Ag i gl gy o |
TRty ] CARB, BOMB: Sect. 3-69 to 71 cms 85
& z [
. L1 Pyritlzebd
g-Cg 8 ot By ' worm burrow
il bl i G L COLOR LEGEND
1= 1t. gy, 10¥R 71
EE R
&= 1t. gy.
COLOR LEGEND 4 =1t. o0l. gy. _ 5Y 6/2
1= 1t gy. 5Y 71 5= 1t. gy. 2.5Y 770
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SITE 397 HOLE CORE CORED INTERVAL: 37.5-47 m SITE 397 HOLE CORE_5  CORED INTERVAL: 47-56.5 m
FOSSIL zoME| FOSS!
ZONE| 4 ARACTER 2 a%u CHARACTER| | ‘i':-“
w “ Z| - [ =3
0| = GRAPHI |
w ol gl 3| 2|5] (2] 8| Sharuic bafEse, LITHOLOGIC DESCRIPTION 5lals ? HIBEE: PP H S LITHOLOGIC DESCRIPTION
o |z ol2=<\2| |5]| & |tTHOLOGY o 212 $ k] AL T
NEHEHEHHEEE =40 HEEHHBEE S
HEHEBERE a[RA55 HEIFME SEEED
NHD E=4d 1ith. o SICICEGUS NANND OOZE = dom. Tith,
gﬁu. E%mtmﬂ?te; HaS smell. J-.I_: Gas expansion cracks throughout;
[ Has smell; ;;at. blebs of pyrite
= | ol 182 FORAM NANNO UOZE - MARLY FORAM NANNO OOZE 2 | iy 58 (see 55 at 99 cns),
- . = | 1 ] L HANND ODZE
= s5: 1-64 om, 2-63 cm = ] 94
:—i_—j 75-B0%  nannos L=y ] §5: 1-58 em
+ 19" ifocads MRt 80%  nannos
e ety 3-5  carb. unspec, A, S forene
—+—, — tr- 5 clay =
_‘:l—_|:| tr- 1 pyrite Mgl g ::;l;;-zunspem
s pou —[—_‘ tr  mica . Mgl 2 spomge spics.
R _|_+'_+:1 tr h?wy mins. g k2 [ ] 1 diatoms
_|:.__| B3 :: gi::::ns 2 B Ml 1 rads
2 .4,:':,:‘ tr vade el tr  mica
] _|_—|—_|:1 tr sponge spics . T tr h;a\r_v mins.
. tr clay
3 E=ES tr  silicoflag. 'I":*L‘ t g'la|1||:.
# tr te
a S IITE 141 szimf GEO::;&'_“' tr gﬂicoﬁag.
= |3 g L 0 DOZE ™M
z § § Gy DIATOM NANN P +1 *_t il
R e ss: 2-141 em AEE o i 5SS 1-89 cm (b1K. bleb)
S | el's 3 e 70%  nannos =S g 3 A it p i 50¢ nannos
e AL 3 10 diatoms A FIE o g phint Mgndil 1 20  quartz
£ 8 S e 5  forams ‘é 3 & F Ly 15 pyrite
gl 1y =y L 5  carb. unspec. HEY —+ = 5 forams
2 E L ] §  quartz B "E = __Geochem, carb, unspec,
gl e Wt By 5 clay e Samp, tr-5  diatoms
i it tr  dolomite K T v rads )
k3 ' - tr qlauc, o - _1.4‘,1_ tr sponge spics.
_I_.I__L‘.I_ tr sponge spics. 2 '§ 4 .
Ag. e S| £ [he o it By
e =& ~+ 3 Nl R
s o B Ty s 4 = .I_'I_.I.
o Tl NANNO 00ZE Frp
F iy B .
ki = e Wt g L SILICEOUS NANNG DOZE
Fptty $5: 5-38 cm 1] :"_.1."'
.J_:::.I_ o 85%  nannos B's o TS 5 3-60 cm, CC
W 5 forams 4 1 1] €5-70%  nannos
4., 4l 3 carb, unspec, 4 -, tr-15 Tories
3 listesiioi 38 1 quartz Mo 5-10  carb, unspec,
= Ag- _L'L_i_'*'i 1 mica Ag- s o s iy 5 sponge spics.
i e T } :;::;Tspics 5 B il SR -5  rads
e i 4 3 1- 5  quartz
a8
ha-caielce ST LY t: :?:;y mins, B _i_t__l_ tr§ hTuy nins,
-+ 3 -k tr- 5 clay
tr pyrite o e -, 4 tr- 5 faldspar
b rads £ B it ol el tr- 5 mica
hg-{Cotha] oo o e tr- 5 diatoms
hcﬂsi l:o 1
LECO:  Sect, 2-62 cms 75 0.5
CARE. BOMB:  Sect, 1-64 to 66 cms 80
Sect, 3-75 to 77 oms 68 Callyx CanI
LECO:  Sect, 1-45 cms 55 1.1
COLOR LEGEMD CARB, B0MB: Sect. 3-62 to 64 cms 44
1 = 1t. gy. 5Y 7N
2wt 2.5¥ 8/0 COLOR_LEGEND _
3= 1t. gy. 5Y 7/2 1 =1t ol. gy, 5Y6/2
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SITE 397 HOLE CORE 7 CORED INTERVAL 56 566 o SITE 307 HOLE CORE g  CORED INTERVAL: gg7c s o
zonEg| FOSSIL | e zoMEg|_ FOSSIL B
CHARACTER' Yl CHARACTER| -
EIF] 3l 2| crarnic |55 2 8| 2| crapmic [35=s
™ - qz5Q "™ g Elw = 2
2 g § § : § £ E LITHOLOGY __:g.: LITHOLOGIC DESCRIPTION 2 g § = g 5 E LITHOLOGY :‘;gg LITHOLOGIC DESCRIPTION
HEENHEHRE N By HEHEEHRER 25
. T e
2 z NPt 5| inenl Sl oz NP )
B 3" hod B SILICEQUS NANNO ODZE = dom. 11th, - = SILICEQUS NANNO DOZE = dom. T1ith,
s 3 S el Gas expansion cracks throughout; 1 . Gas expansion cracks and Ho5 smell
'S o gl 39 Hs5 smell; scat. black blebs of 4 i throughout; scat, pyrite biebs,
o |l o5t hydrotroillite. o | % 03 _1,:
g | ol * (e
I 107 g NANND OOZE - SILICEOUS NANNO OOZE
i 5y i . N §§: 2-103 cm, 3-74 cm, 4-54 cm, CC
1t o B Pl SILICEQUS NANNO OOZE 3 T S : * *
el M U g T 7 _‘_.l. 70-75¢  nannos
.y _I_-::-l—- ss: 1-39 em, 5-131 em, CC . 4] 3-12  quartz
Ko . [ 5-10 fatoms
-+ 7 o 70-75% nannos A . b 5  carb, unspec,
Ag B g, 5 forams i = 1= tr- 5 forams
2 M _l._J“.L' § carb, unspec, 2 A tr- 5 pyrite
b Pt Y 5 sponge spics, | tr- 5 rads
S S 3- 5 diatoms - tr- 5 sponge spics.
-+ 3 Mt tr- 3 quartz 1L 1 silicoflag,
.y i tr- 3 feldspar E, =4 tr dolomite ?SS; 4-54 cm)
ol rath g T B tr- g :iu i -4 tr m;jca
e == =] tr- eavy mins. - tr  clay
I i e i 2 tr- 3 clay = tr  tourmaline (S5: 3-74 cm)
E Sy 2 rads L) tr glave.
g o g s 1 pyrite Ag | L
Agd o i l—*l—l:‘_ 2 tr- 1 silicoflag. 5 -4
w 3 I - —l:': a2 tr  glauc, ﬁ i 3 : i""
4 M- 2
S i 2 78 o (o i oy ;% § _I.__-:
3 3 = r—++—|—_'5 FORAM HANKD 00ZE (7§ ¥ )
i 5 = ; —= é -8 ik 1
£ 3 o = S5: 3-82 em el AR b
ES 8 + Fligpl B = |58 -
3 . s B80% nannos 2% 4 |t
R o 12 forams kS o
215 |Ae i Y Mt 5 quartz " LB s
-t 3 I = tr carb, unspec. - il
£ 4 7 - D & tr  feldspar E & 4 o
£] 3 o P ST S tr mica 2| & -
2 & i e tr heavy mins, ] =
] F gl tr clay : N
] e ek tr glauc. -
L s tr  pyrite 'I'.I.
Ty iy i tr sponge spics. L
] el 1 M
A - A M
hg I -‘-‘-_L & 'I'_l_
e e B H N 1
b 8- T o 4
—+ o e 1 e
g B g Tt L e
™ g o =] -4
= L 131 + M
m 0 i TR vy i e H-]
b AT s bl L1
s o L [ -
g e =¥ 5 green 3| | E X e
3 L - ] oy
& | --::_._i -:z Catﬂsi c"ﬂ’ & 1 .|_"_: cac0, Eggi
T P O — i Lz LECO:  Sect, 1-37 cms 49 0.9 —n 1" . o eiad
= af e e CARB, BOMB:  Sect. 7-3, 91 to 93 cms 66 End s LECO:  Sect. 4-54 cms % 0.5
Ag-{Cg{Ag+ — CARE. BOMB: Sect. 3-76 to 7B cms
COLOR LEGEND ==
1 =al. 5Y 5/3 COLOR LEGEND
2= 1t. gy. 2.5Y 7/0 1= 1t. gy. 5Y 6/1
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51 397 MOLE CORE CORED INTERVAL: 75.5-85 m SITE 357 HOLE CORE CORED INTERVAL: 85-94.5 m
[ [zome| FOSSIL N zomEg|  FOSSIL s
CHARACTER 5 v CHARACTER] - i
] n iy & " u
F o| 2| craPHIC |,5/5%a i 2l.] 9] £ | erarHIc 5
§ ; § § : § 5 E LITHOLO GY gg.: LITHOLOGIC DESCRIPTION 2 ; § § : g = E LITHOLO GY .__Ig'.: LITHOLOGIC DESCRIPTION
=: =
HHEEERES ez 3 5(2|8)3| |3 = a2Ed
HEIHOE e 2| 2|4z A=
il P  —— MARLY MANNO DOZE = dom. lith,
Py [l SILICEQUS WANND QOZE = dom, 1ith, Tl g Gas expansion cracks; HpS smell.
+ ] 25 Mixed colors due to core disturb, - =]
hag - ¥ numerous small patches of ol. col. ot Beppell B MARLY MANNO OOZE
05 - seds. scat, throughout; HoS smell; o [P i By 4% sS: 1-46 on
e \ o oy e LJ:J- gas expansion cracks but not as = ) i Rl
= 1 - "'_;_"' abund. as in prev, cores. = J__L_L__I__‘ gg}’. ﬂ?ﬂllDS
10 F ggt® gt -4 15 :u:sr:t:
3 s 117] NANNO DIATOM OOZE patches Thgpl H forame
0 7 Mgt T 5§  carb, unspec
=3 “fy A= oL . ki
<L i §8: 1=117 em L .L"'.J.'L 5 sponge spics.
+ 4o - Pt Rt | tr- 5 pyrite
3 501 diatoms &
— . S T oy 142 tr feldspar
; Agd T T 5 nannos My = tr mica
i‘; F Mgt g :l;z Ag B = tr  glauc.
HE 2l e 5  sponge spics. 2 :_L__-:J_-l tr  rads
HE FRFL ] & e L] KANND 007E
s & B Py L Mg B p ) $5: 244 cm, 4-88 cm, CC
> 1
= | 2 o L=t - B0%  nannos
g[8 ¢ = oy oh e e 144 il
22|k T, 142 J-= 3- orams
BlEl= S 4 -+ el | 3-5 carb. unspec.
g T3 aed -+ = ity g i 3-5 iatoms
5 T ‘-_L_-l- i =3 1- 5§  sponge spics,
2 § P i el Mgl NANNO OOZE - SILICEOUS NANNO 0OZE T 1 rads
2| 8 3 7. [y == 3 Al — tr- 1 quartz
E ] 0 ] 55 1-25 cm, 4-56 cm, CC e i tr dolomite (55: &-88 cm)
g = i =] 78-851  nannos - e L tr feldspar (55: 2-144 cm)
S 3 ik 3-8  forams ] 0] 1| o tr mica
= whe 2-10  diatoms = S -1 ) 3 tr heavy mins.
iy 2- 5  carb, unspec b g T han tr clay
1 i Mgl 1-3  sponge spics, g 3 ] tr tourmaline (S5: 2-144 cm)
] L e il 888 i tr Tauc
- THa ¥ tr- 2 quartz RIS " glauc,
g ] Ml tr- 1 pyrite s |2 L e tr pyrite
=] i 56| tr= 1  rade CAFIR: A B — tr  silicoflag.
Py g § i Sl | B
4 ] i tr- 1 silicoflag. 2 | 4 A T
: L tr mica ] “g = M 0| |egl ¢ SILICEOUS NANNO DOZE
— i tr heayy mins, = il gyt B |y e
- L tr clay 3|4 L ] | §5: 3-120 cm
4 =] tr glauc. - e, 758 nannos
——] o ] & oy FEE S 10 diatoms
i [ e -] 2 el gy | & 5  sponge spics,
§ o et 4 3 forams
> 4 P ol 3 carb, unspec.
= M b ] | Ly 1 silicoflag.
sty 2 1 quartz
5 LL _;_‘L a1 1 mica
S T tr-1 pyrite
el el 3 tr heavy mins.
Rl tr clay
o B RFY S B tr  glauc,
tr  rads
Geochem, ¥
Ag " sanp Catiy% ca:!x
g c LECO:  Sect. Q-Ig i:\ima 213 0.6
= i i X . 3= ems
Cathys €% s . "'_|_J‘_|_ ARE. BOMB:  Sect. 3
—r F COLOR LEGEND
LECO:  Sect. 1-48 cms 56 0.2 g 1T ol Bt B e =
CARB, BOMB: Sect, 4-60 to 62 cms 39 B e i - }tt_ ;; ay. g\\: ?f]z
1 e et = It .
i e 3 =ol. gy. 5Y 5/2
COLOR LEGEND gl — -'-I _,__t 4= 5 6/1 5Y 6/1
1=0l. 5Y 5/3 2 Sl by &= ol. 5Y 5/3
2= 1t. gy. 5Y 6/1 9-CojAgq  fcc R g = 1t. gy. 5Y 6/1
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SITE 397 HOLE CORE 11  CORED INTERVAL: 94.5-104 m SITE 397 HOLE CORE 12 CORED P 141135 m
FOSSIL ZONE FOSSIL
ZONE| i ARACTER L e CHARACTER]
1) w Z| - E1) -
E] G| = | GRAPHIC |oxlz=lo - 2l.] |8] = | orarHic
ez § Z < § £| £ | urHolo ey _;._g: LITHOLOGIC DESCRIPTION 8 2 § g HERE £ | THoLOGY LITHOLOGIC DESCRIPTION
NHHEEHRER 4 HEEEHEER
9 Z| | s|Z S| svind Sun| 2 IR
B o = = SILICEQUS NANNOD OOZE = dom., 1ith. B 4:"-1-_-| 1o MARLY FORAM NANND QOZE = dom, 1ith,
8 ol Gas expansion cracks; HpS small; numerous 3 i iy Numerous gas expansion cracks; HaS
o e pyritized worm burrows esp. in 1t. ay. :|:|"—I—| smell; otoliths at 4-80 cm, 7-10
A o5—{~b oy, - 4 I 4z 1 interval, A 0.5 —t— = em; scaphopod frag. +5 mm long at
3|2 4 L ol 2 oo £-30 cm
B = L I Sz 1 .;__E: .
P 0 e T | - SILICEOUS NANNO 0OZE 52 ..:‘_:"__|__|
T b =) MARLY FORAM NANNO OOZE
- il W By 55: 1-42 cm =
3 i ] -|—|
pu A - 65% nannos Lty +
o Rt gl 10 diatoms =i ss: 1-18 cm
E el 0 el B I 5 sponge spics, e 455 clay
Ay o P28 et e e 5 mica 6 ":'.__"_' 40 nannocs
1 B i o quartz Ag- 5  quartz
+ 3] | tr- 5 forams = 5 sponge spics,
2 g Raow! B st B 3 glauc, 2 = 3 forams
- J_J.—'J"a tr carb. unspec,, _':!— — 2 carb. unspec.
at! i I feldspar, heavy mins., j—— = tr dalomite
B oy I it Ty rads, plant debris. "’"_':': tr  mica
. . s i e’ tr glauc,
_§- 40 M ‘ .|:':|_ tr pyrite
5 8 + 3 = gy HANND 00ZE +:'__|:| tr  diatoms
= | 5] & o e tr  rads
S| B M= 1
2|3 § |aod ] | s5: 4-81 em #a
Z|g|= o s el 2 80% nannos L=
’g 'E‘ g 3 i ol l 5 forams 3 _._—|:;
=3 B B P Saps M St iy 5 carb, unspec.
ol -y J__I-l: - 5 dfatoms 3 {_,ai MARLY NANNO 0OZE
N _ 3 sponge spics. w
5 E okt I . qﬁrgz . |4 o §S: 5-98 cm
H B o - tr dolomite, mica, heavy 2% § 65%  nannos
E & = e otk T ey mins., clay, pyrite, B |5 E 15 clay
K] o B | glauc,, rads. E Z| & 10 quartz
" Ao 1 L ES -l B o _|_|_¢. 5 carb. unspec,
o s & g 5 o '__|_'+'_‘|: 3 forams
1 [ 7 e e B 1 | B 4 ———— 1 mica
IO - a1 SANDY-SILTY FORAM NANNG DOZE 3 === 1 sponge spics.
o B 3 ===
- Y i | ™ ot tr dolomite
= i o 55: 5-34 cm u l‘:‘_‘-I:’: tr feldspar
] el 400 nannos g H == —H tr  glauc.
| e [ 25  forams | 2 ..q_"tg. tr pyrite
] - o | e tr diatoms
20 quartz (2] ——.—H
. - 10 carb. unspec, et
4 34
hg g | 2 pyrite ==
= 3 tr  clay., vol, glass, Ag- —l:_'_—l:
] 61 glauc., sponge i F‘_‘l"' —H
hg-{Ca<4Ag 5 = _L 5 spics,, ostracods, _|_|_|:
103 D=+ 98l s
Sy
LoEe
=]
o
—H
Ag | ==
EaOU31 cnr % =
e s = =+ CaC0,% €, %
LECO:  Sect, 4-79 ems 48 0.4 =y —3 org
CARB. BOMB: Sect. 1-40 to 42 cms 56 ..+:|:|. LECO:  Sect, 5-87 cms 58 0.6
I:':i-q_ CARB. BOMB: Sect, 1-15 to 17 cms 58
COLOR LEGEND o e
e s COLOR LEGEND
1=1t. 0l, gy. 5Y 6/2 7 ] u—._|_ — A
2= 1t, gy. 5Y 6/1 cc . ! 1=1t, ol, oy, 5Y 6/2
2 =ol. gy. 5Y 5/2 Ag- Cg|Ag =" ] 2= gy, 5Y 571
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SITE 357 HOLE coRe 13 CORED : 113.5-123 m SITE 397 HOLE CcORE 14  CORED INTERVAL: 123-132.5 m
o w;:::scni_'] = ZoNE|  oneTen & —I
= Z| w e ] -|'—|—2 v HE
] R O| = | GRAPH
N 3 1 - § eRArdIC Bl LITHOLOGIC DESCRIPTION nw 5 S K R AL “_,_3_ LITHOLOGIC DESCRIPTION
CEEIR: <|o| |E| & | uTHOLOGY [Z2]w=i0u o |% 2= £ | uTHOLO GY [Z&|=E 10w
< z| 2l =|Z 212 S|Evga] a = Z 2 2 =5|EY0a
=l z|2|2|Z| |=a EREEEE = z|2¢e z| (& =z
ol =| 51 - e = 2 < uaa it =
HEIHD = Z| 2| =|Z 5w S
= = = h
A I NANNO OOZE = dom. 1ith. a MARLY NANNO DOZE = dom. 11th.
,"'_._"' | Gas expansion cracks, st Gas expansion cracks; }IZS smell,
Aol T smell, scat. pyritized ]
" 9 05+ il I worm Burrows, y Ag 0.5 i
-] B il =
S| g WO | 8lz 1 i FORAM NANNO DOZE patches
| h 1 NANNO 0OZE g
fd S Pt Lign ss: 3-84 em
R ._t.;_: 1 $5: 1-76 em, 427 cm, 6-32 em 655 nannos (o Komerform frage.)
| 1 orams (scme kummerform frags.
e 0¥ minncg 10 carb. unspec.
bpeyt 35 clay 5
A - 5 forams e
L] §  carb, unspec, (high ag 2 pyrite
Ao '.J..::'_J.. as micarb in 55: tE :ﬂpz:ge spics.
2 '_L__LJ_' 6-32 om) 2 tr  glauc,
Pl tr-4  pyrite tr  diatoms
oy tr- g quartz ” tr rads
Fy e tr- sponge spics. tr teropod
-] 2 diatons pteropods
L..I_ T L tr- 1 mica 1
o P B tr= 1 heavy min?. )
e B tr feldspar (55: 6-32 cm
-_L-l-i-| tr vol, glass ($5: 6-32 cm) HANNG DOZE
hg i—-_,_: tr glauc, (55: 4=27 cm) o Ag
3 i tr rads - ﬁ u 3 -—1 (patches) 5§ 4-32 em
'.l_‘J'.l_ z § 3 84 4% nannos ?
F, -4 Z = 3 6  carb, unspec. (as micarb)
ot T BlEl S o Bl tr  forams
[ ] EN R <) ] tr  quartz
1 ._._._4_4"] = E B il B tr sponge spics.
: 7 SILICEOUS NANNO 00ZE LB = 5
d % e | 2 nE -
38 S s $8: 7-65 cm ‘-::' g L%g 32
= = (A4 4 60%  nannos 5|3 Ao R
g y i el g2 A MARLY NANNO 0OZE
£l 4 % el lg diatoms § & 4 "
o i Wl I forams 3 =1 Sl | 5
E o o by - 1 8  carb. unspec, = 5 S5: 5-68 cm
S|%|E _‘_Ju_bj 5  sponge spics. + ] 505  nannos
+ .‘i o 3 quartz i 35 clay
Bl 2 pioe Bl 2 1 nmica L 5  quartz
g 8 ] 1 pyrite e Tl B 5  diatoms
S B 1 rads ) 3 carb. unspec,
g tr  dolomite et el 2 forams
Ag- P tr  heavy mins, LIR & Ve ¥ tr  feldspar
it tr clay T By 68| tr heavy mins.
3 _'L_J_'l".I tr  glauc, 5 - tr mica
e e P s gt 2 tr clay
T 4 ] tr  glauc.
_I__I_J._" ) ] tr pyrite
-‘-_I_-l- 1 _I_._I__n__l Er rads fes
~ r sponge spics.
it it i ey
4 4 I S By
] g ] 32 g k!
N [ Cacy¥  Corg?| i"‘i_[- cat0,x €%
& Pl By fa-Cqan Icc . gt S o 1
L LECO:  Sect, 4-28 cms 52 0.9 g Bogs ek AR e a7 0.3
Tpge CARB. BOMB: Sect, 1-74 to 76 cms 63 CARB. BOMB: Sect. 5-64 to 66 cms 56
Nl
L
3 WS . CoL
iy Ly COLOR LEGEND COLOR LEGEND
o 1=t gy, 5Y 6/1 Coay
7l Fhueeo=] 3 2= 1t, ol, gy, SY 6/2 1=1t, gy. SY 6/1
fig Cg |Ag 40, 4 ] I =ol, ay. 5Y 5/2 2= 1t, ol, gy. SY 6/2
el k¥, -
o B By
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SITE 397 HOLE CORE !5  CORED INTERVAL: 132.5-142 m SITE_35] HOLE CORE 15 CORED INTERVAL: 142-151.5 m
zong| FOSSIL . ZonE| FOSSIL
CHARACTER z ul u CHARACTER wl=,
“ - Il = — z o o
- wl 21 2]n] |2 2| orarHic |oafz=ls H o| 2| or 2=
e |28 § <|8| |5| & | urHolocy [ZRiunCm UTHCHLOQIC DEECRIPTION 5le 8l 2 3 gl |5 & APHIC k2=l LITHOLOGIC DESCRIPTION
“|s| 2|88|Z| |8 = e e |2/8|3|2[8| |5| & |urworocvERuso
HEEEERE PR HEEEHEHBER e
Z|2l&lZ 5 ] = o FHIE I ME: S in| =
ey
ey £ NANND OOZE = dom. 1ith. L L
2 = A Scat, blebs of pyrite; "drilling = NANNO OOZE & SILICEOUS NANKO OOZE = dom. 14th.
= [he] s breccia® noted partly due to gas T Gas expansion cracks; MzS smell; scat, pyri-
g 05 Sy =y expansion cracks; HpS smell. ] hg by, tized worn burrows from Sect. 4-7; “drilling
NIk 1 S 2| = (-, - breccia® in part also due to numerous gas ex-
2 g LJ'J.' 84l = E 1 ."‘_L_'L pansion cracks.
g 10 L NANNG 00ZE dlimelie
" it g B e B
{4y - A gt e
g S s5: 1-84 cm, 3-65 cm, 6-3 cn P15 b
3 _I__t.‘L 7 50% nannos Fa=t=g
g ATk 30 heavy mins, '.l."'.a_ NENNO DOZE
iy A e 30 feldspar e
A |AgH J_i-_,_ o ;3 m]{r.‘a ” ,:J_t 55: 1-123 ¢m, 4-38 cnm
a clay g
2 el B 5-10  carb. unspec. 2 iy 50%  nannos
T 2-3  diatoms T A
i tr- 5 forams TR 5 carb.
- = unspec,
A D I8 tr- 3 sponge spics, T e tr- 5 diatoms
_L-L‘J_ tr- 3 quartz Tt 2-3
L -+ -1 d al Togppe B sponge spics.
1 tr ! r? 5 el S 2 pyrite
sl t: gy:‘i'lcu B S tr- 2 quartz
W ol 4 tr- 1 rads
- Ag R __L.-‘_A_ tr pteropods (S5:
g 3 S & o -LJ-L tr mfc;_123 o)
e | -
il - 3 B Eodiion tr  glauc,
= 4 _ i et
‘é vy = ta .14
=~ = g = "4_:"_'4.. 4
z it Bl LR o Tt B o
b o e E[2|% e e 3 SILICEQUS NANKD DOZE
g g —{Ag{ |Agq ot Bz & ‘;‘ § B Fot »
E |3 iy 5 |a| Eln] s g 58: 4-58 cn
o | & a e e 2= e e 59) 64%  nannos
= el = |3 & 4 5 ! o o Hogmyer 1 10 carb. unspec.
& | H 5 2 ol B
= ¥ gy w | & g -y A ] 10 diatoms
= |3 o Bl | -3 B 1 il 8  forams
= g _I.'L_l et ,E - L A g sponge spics.
p S gn quartz
E ; ._‘L_|_ i 2 - —'4_':4_ 1 rads
1 T g S tr dolomite
] M ] tr  pteropods
Ay .L"'_J.. < 1-F L tr mica
A b Ag = e R tr clay
5 | 4 1§ tr glaue,
_L,_L_L 5 3 - "'_|_ 5 ] tr pyrite
ol et | [ Bt &
L 3]
= .Y 8 Geocher:
= 4 4 o ~— S,
 luo gl iy 38 A MR
I e \ i -+
= e 9] s ity 0 P
B 6 e D057 Corg¥ 8| 7 CaCOy% ..
& 1] LECO: Sect. 1-86 cms 53 1.0 ] -+ b s
& iy CARB. BOMB: Sect. 6-32 to 38 cms 66 = 4 LECO:  Sect. 4- 36 cms 50 0.2
g EerE 3 Thendd CARB. BOME: Sect. 1-12] to 123 cms 60
™ ey 3 s
) 2 Bt =
el COLOR_LEGEMD -
7 B —_—— = [ St
helcai, o 1=t ol gy, SY6/2 | a4 COLOR LEGEND
n -
q e 2= 1t, gy, 5Y 71 A Ca [Ag b b :_, 10t gy. Y 6/1
|
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: 180-189.5 m
SITE 397 HOLE CORE 19 CORED INTERVAL: 170.5-180 m SITE 397 HOLE CORE 20  CORED v
ek FOSSIL 5
zone| FOssIt = ZONE|c y amacten ¥
cHARAcTER] | g%, 2[.T 18] 2| crarmic 3
slal g g - §_ & Lf‘:l':":_:':? 3. LITHOLOGIC DESCRIPTION w z § z i £ £ | cruotosy 2 LITHOLOGIC DESCRIPTION
x| 9 ol w EVoal < - H =305
NEHEHEHHBHE = HEHEHBE 2o
ol 5| 4l512 & e 5o 2| z|2|&|Z =
== =
! = i I MANNO OOZE = dom. Tith.
L:"_._-L' | NANNO 00ZE t:mt‘h “tn;:ut' seat Ag - Dissem, pyrite throughout; some
Pl Dissem. pyri COUDHILIEN, £ L pyritized worm burrows; rare
s Ee I | pyritized worm burrows; mod, =L by gas expansion cracks; mod, mot-
w ‘-—I-_L-L- i mottling with 8Y 7/1 1t. ay.: el .I__I_-L i £1ing; mottling distinctive by
= R e sone vague lam, poss. some fn, |z Aa ] A 5Y 672 1t. ol. gy.; poss. some
- A 1 g g8 burrows; rare gas expansion =|= o Rl 1 1 fn. burrowing.
9 oy = ] cracks., - 4 :
e A = B
L IAR o o
ey T 1
e NANND 00ZE T NG, e
it fa- G 2 S§: 2-28 cm, 6-92 cm
- §5: 1-111 cm, 5-16 cm A Bt jaiia
o ._"'_._j £5-75%  nannos Agd = -4 20 clay
2 - 2n clay A—_L-L 3-8 forams
L ti—!g :‘arb. unspec, L 5 carb. unspec,
B gt | r- orams o4 Rl § tr- 5 quartz
k== 3 rads (55: 1-111 em) ST 1-3  sponge spies,
I._LJ__Ll -3 sponge spics. o tr= 1 diatoms
T, 1-5  quartr Y S tr  mica
t—'-_l_-" tr- 1 diatoms A, tr  heavy mins.
R e tr feldspar Agd et (tourmaline -
T tr mica o : B0
= el i Bl 1l 55: 6-92 cm)
= - -4 - tr glauc, _J_—'—_L tr vol, glass
- g M=l tr  pyrite " tr glaue, (55: 6-92 cm)
2 w 3 ety - e S tr pyrite
g z L ] A tr  rads {S5: 2-28 cm)
£ |2 ¢ - 4 g Ay ket
b Kl Ag i 8 P S &
w oy - _L-'-j £l ARl S
HE
el iy Slgl 3 T iE 142
b £ T T8 142 w 15| 3 g e g
KR ] TRk e
CHERE r Doy gl T
5 (8] § Ag T i o g E Rt R
&l e 4 g == 1 Rl & -4
= = wle E 4,
Y L L BRI Ayl
e g s L L]
T 4 K3 pi iy
| - = i b
e _I.i—.-L
2t 1 16
b Ag4 o Mmedl &
Ag Ag e i .L"L_L
-] B ey
S e
s I 5 e L'L
-.-—l..-l- . .
i Mt T -
o = = P TR
ol -4 o Bl B
_l__‘__l.. A_-.-_I_
ot b ]
b 4"_1__|__|_ hg el ey
— 99 [t ] L
i 1'_,L‘LJ_ i‘*—i‘ CaCth cor‘ T
Pocofio] oo e Cal0% €% 4 A LECO:  Sect, 3-100 cns 03
3o 3 e 4 % Sect. 3-100 cms 70 0.4
. LECO:  Sect. 3-110 cms 59 0.5 e =] CARE, BOMB:  Sect. 5- B3 to 90 cms 69
Uiscoaster pontaradiatue KN17 CARE, BOMB: Sect. 3-130 cms & _s_._l_-A.
pf el
COLOR LEGEND [ ] = T Ea B E. 1c0L0R LEGEND A
e 1= 1t. gy. Y7
7= 1t, gy. SY 61 b | il iaapc U - oy
2= 1t. gy, 5Y 7)1 I el I Py 2=1t, ol, ay. 5Y 6/2
iy
Explanatory notes in Chapter 1 = cc|
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SITE w HOLE CORE 17 CORED INTERVAL: 157 5-161 1 SITE 397 HOLE CORE 1B CORED INTERVAL: 161-170.5 m
FOSSIL FOSSIL
IONE =
ZONE|cy arac g]z =) CHARACTER| sl
w U “ z| S
sy : gl 12| & o BSZ28. LITHOLOGIC DESCRIPTION w o] ol 5[ 2]a] (S| & | crarHIc l2z2lg LITHOLOGIC DESCRIPTION
= &
o=z =22 5 = ° |2/ e|=|2g| |G LITHOLOGY O
< z H 2 = Z50 « HIE o]
HHEEEHBE 233 HHE 2 HEEEE
HEIRP S 2 #la el S
¥ MARLY FORAM NANNO 0OZE = dom, 1ith. Rt I MARLY NAKNO 007E = dom, 1ith,
Homogeneous with scat, mottling, Tt et e [ Scat. otoliths, pyritized worm
- pyritized worm burrows, & dissem, " Ay I I 4 burrows, and dissem, pyrite;
e Ined pyrite, Sk Sl et I | mod, mottling from Sect. 2 on;
5|2 H &l 1 J_—l-_l_—l—v | vague lam, throughout; rare
= = =zl = I_J__L-L'- | Pyrgo large forams; rare gas
MARLY FORAM NANNO OOZE ‘__L_L'.;_‘ | expansion cracks,
A Tt By
I
$S: 2-21 ¢m, 3-57 cm iy
et |
50% nannos P Mg T
21 30 clay e =, MARLY NANNO 0OZE
5- 7 aquartz IR B 55: -
A : forams 1_1‘4.:_ 'Eal'” &y 3-40: e
1 unspec, carb. R % nannos
2 tr- 3 pyrite 2 I_-f-—iL_l 30 clay
tr- 3 diatoms g A S 5-15 carb. unspec.
tr- 2 sponge spics. s el Bt 7-8  forams
1 dolomite (S5: T e e tr- g juartz
2-21 cm) s Elgt fatoms (55:
1 feldspn; (ss: . "i“_i"‘ 5 141 cm)
2-21 m oz Rl sponge spics.
1 rads (55: 2- ik tr- 2 mica
21 :m; :t_L_L_.I tr=1 pyrite
tr mica; g el g 40 tr dolomite (55:
g 57, tr vol, glass iy b | 1 cm)
o 3 tr g}auci (S5t 2« 3 L tr gIa:%_ [§S: 1-
e em . 1 o T ]
;': B Ag - _L_j tr rads
5 ] it
N 4 B s il Pl Ty
2|8
=, {c’ 5 = |u ety 1
w [ § 2 ENEAR T,
i o w - § T
2 E . | M m s e Ao el
2 |88 4 AL i L
= |8 Vil
w | 2] 8 =N A A Pl £,
5|8 8 HE ey
i
b Elg| 8 S |
B|& 31818 el |
8 s Tt
=R o B &
ey
o By
A+ i
it
5 ha 5 o ] I
o
A
e S
A_"L'.J._'_:
Ly
L
Ag 'J_'L“:J' caco,x €. %
1 i 3 o
Al S 9|
6 ul & Tl LECO:  Sect. 1-31 cms 58 0.4
hc%‘ _ﬂ...c" : e | Sect. 3-76 cms (1] 0.4
—— et Dl CARB, BOMB:  Sect, 3-44 to 46 cms 65
i IE(E;.? Ssgct. g-gg t:m:s22 57 0.3 _LJ__L_‘ Sect. 3-65 cms 63
¥ : ct. 2-20 to 22 cms 63
e
7 } COLOR LEGEND iy COLOR LEGEND
a1 Ca jAg- 1=1t. ol. gy. 5Y6/2 hofeafie] |7 Frfa T 1=1t. v, SY 6/1
Lt e
=, |
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SITE 397 HOLE core 21 CORED INTERVAL: 189.5-199 m SITE |3£F HOLE CORE 22 CORED INTERVAL: 199-208.5 m
FOSSIL ZONE
ZONE|C 4 ARACTER ! ulzd CHA e .
| w = -] 1 w =
F] O| = | GRAPHIC 5 - 2w O| = | GRAPHIC ]
3 ; s : § 5 E LITHOLO GY 5 3: LITHOLOGIC DESCRIPTION 2 ; § g : g £ E LITHOLOGY 2. gs LITHOLOGIC DESCRIPTION
)
155_25 I .‘.;ggﬁ HEEEE wl = F
ol 214 4lZ P s HEIEFE =9
e WARAD OOZE = dom. 1ith, 010 NANND OOZE = dom. 1ith.
R s o e il Mottled; Sect. 4 distinctively i NHumerous fn. burrows; dissem, pyrite
J—J_—J-_‘_-'-J darker fn color; extensive fn, b Boxpia throughout; no gas expansfon cracks;
‘: s 05" T burrows; dissem. pyrite : o Ag [y = 49 some mottling (slight) particularly
ol 1 LL_L_‘__L-_L-I throughout; apparently in e 1 _I_J._L-l from Sect. & down (with apparent con-
=|= "_‘_4_ — il some of worm Eurms; rare =|E J.'I'_l.'J comittant decrease in fn. burrows).
7 e Elgrs fon cracks,
S ol e Nl gas expans = |
= ¥ oo gl e Vgt &
I [ Tl B
e Hey
o M
B e Rl lll HANNG DOZE o ]
=L L £
PRI e 5s: 4-B0 cm, 5-71 cm e Rl
e T Dt LR Hey =
M- — gl el 55-65%  nannos Lk
% ‘[::‘LJ_—'-_‘_“‘ 7 20 clay 2 [ - 3
= o TR Tomar 5-10 carb, unspec, o e
”LZLILZJJJiJ 5- 6 diatoms e
:_I__I_.L‘J-_I__‘ 5 forams -I-_L—L_l | Sequences noted in Sect, 3
e P i 1- 5  quartz 1 S Yoy | (only 2 noted bl
T P S 3-4  sponge spics. R only 2 noted, possibly 3)
1 et Ts gl Camell 2 pyrite Pl Wl
oy Ay tr- 2 mica He g1
ey e sil, unspec, e
Ag-} P I gl et {s5: 5-71 cm) hg] T e | 46| Numerous fn., hor, burrows,
3 (o T My te  dolomite {SS: 5 | o s decreasing down,
N e Tl ey 5-71 cm el ~15-
- B TRl B tr  alauc. (55: 5- - e Rl ! 20 em
= :J_J_J_'L.xiJ 71 em) < J_J;J__‘I
E 3 :i_L:_Li_‘ tr  rads E' IJ—_-::" : t'it!’ Sharp contact
el 3 - 5 o
i oy |1 b )
=122 Hus ‘*LLTL* L 13| g e ! E
|8 b e i e o 1§13 i el Ml | -
FRETRA LT doasts = I% 2 = - RANND OOZE
2 |&|3 s PPl iy 5| s o e P |
=)= ] S |e] 3 |
=3 E a Z::J'i-"-i* i [ S 3 : 4 I 85 el gl | $52 1-49 cm, 3-46 cm
g ; g iy = 2 g ::4-:_'-—1 ?ts.‘-';g'\: n?naes
ol 8 i RS e St 5 i S ~el ciay
g5 -"L_,_J"_L'L_L e 3 8 o Rl 2- 8 forams
(4 1 4 ey W L 2|2 5 carb. unspec.
e e el o B 2 d
R S B Rl ) 3 sgzzggsspics
= e N =}z .
:J'..J._"‘,_L."‘"A. 7 t‘.;,—*-,.l 1 sil. unspec,
ha P ty g e e | y (s8: 348 cn)
=y m tLieY uartz
. pol S
5 _J_.I__I__L._L-l 7 5 ] ¥ T tr dol. (SS: 3-46 cm)
B et B Bl | 44 tr feldspar (S5:
o = s gt s S )
| o .
T BTl S S e gl | tr mica
3""4_"'_._‘1*_1 -l e | tr heavy mins. (55:
i Elt S - b 3-46 cm)
4+, : ] i
)
:"t“'i"': Ag B el
E I
A JJ:_._:_L—_L—_‘ CaCOg% € % . E i_l__;
o AT LECO:  Sect. 3-30 cms 56 0.5 T il _L.J_:
e Sect. 4-76 cms 50 0.9 — L
J 4 CARB. BOMB: Sect. 571 to 73 cms 70 1 [ Rt
e
- gl St eyt 7 .
g | e ey K i ==
= PR TRy COLOR LEGEND = i s COLOR LEGEND
1 - YER 1t. ol 5Y 6/2
| 2 B 1= 1t. ol. ay, 5Y 6/2 g~ Cm |Aa -+ v . \ 1= 1t. ol. gy. /
ojenfag] || 'J_.J"_I_'L.I_‘J _u o Sy /3 | | A K e (50% volcanic glass) 2= 1t. ay. 5Y 71
M, % cC = el e U cc P
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LITHOLOGIC DESCRIPTION

AGE
SECTION
METERS

B. FORAMS

LITHOLOGIC DESCRIPTION

€01

SITE 397 HOLE cORE 3
FOSSIL
IONE \ ARAC ulz
al ] w
wlol ol 2| 2[u| |2 &
HEHEERER
iz 225 H B
o| <| s
| Z| &l
g ]
nl o 0.5
2| = |* = I
= ]
a 1.0
3 ]
g 7
g ;
i =
£ |0 i
= 2| A
a .
T | .
il B 3
gls 4
8|8 ]
g8
S e
w (3 Ag+ Ag
|k
g |t 3
f - ;:*3{_
= =
3 ==t
=
= ==
=
e |
=
- h=i—t— |
9 = e |
B H= =) |
4 J i—_‘_—r:' |
. ==,
E J_"'.l_" I
.LT‘L'.J.."‘ I
S S
'I".l_"'.l I
.I_“_.l__J I
Ag. e, 1
g J—_l_.l-.__I 1
Ty N
5 — . Ao 11
ol . o
=L T L
Ag-{La-1Ag 7] Mgt

- SRR e
Fetioulofonagtra peaudoumb

SILICEOUS FORAM NANNO OOZE = dom. 1ith.
In gen,, sed, becoming more sticky;

some gas expansion cracks (more than in

prev. core): pyrite dissem. throughout;
scat. pyritized worm burrows.

SILICEQUS FORAM NANNO OOZE

55: 1-30 ¢cm
50% nannos

15-20  clay
12 forams

10 diatoms
quartz
mica

rads
pyrite

F ——rarate

-

Numerous fn. hor, burrows,
suggestion of sequences noted
in C.22; becoming mottled in
Sect. § (coring disturk, in
Sects. 1-3 prohibit any dis-
tinction of these struc.).

MARLY NANNG 0OZE

$5: 5-48 cm
45% nannos
40 clay
4 forams

mica [muscovite?)
{atoms

quartz

2
: carb, unspec.
1

heavy mins.
1 sponge spics.

tr dolomite
tr faldspar

tr rads

€aco,r

LECQ:  Sect. 2-54 cms
CARR, BOMB:  Sect, 5-42 to 44 cms

COLOR LEGEND
1= 1t. gy.

f

-

i

MPLS
FrrT
FEERERE
FEEF E-I'I'I_I-H

| e 4
FE
AL

r
[X

h

R
EEE

carb, unspec.

F

s
3

il gl

r.

sponge spics,

dilr

FETT
FFEE
hhnpp

i

FFT
FF
I..

r
FEEF
J-l»I-F‘I- I-}.I-

bE
L

I.

LA

LATE PLIOCENE (Piacenzian)
Gloligerinoides alongatusn

+
HE r}‘l-i-l-'-t-k

r
}_
i L DA L R DR A,

F

Dﬁﬂﬂﬂk

}.

r
L

+

Fe Ox
tr vel. glass (w/opaque
inclusions)

kE

r
|..
HEEF

r
FF
HEE

l.

AL

FEF
il

T I

b
L

]..'
Ik

|_ Discoaster amyrmeiricus NN14

.

I[-.

MARLY NANND OOZE = dom. 1ith.
Some small hor. burrows;
dissem, pyrite throughout;
rare gas expansion cracks,

NAKNO OO0ZE

55: 1-73 cm

nannos

cla

carb. unspec,
forams

diatoms

quartz
spange spics.
yrite

£11, unspec,

mica

glauc,

_.éa

—— 3 TN D

e
95

Some mottling; fewer burrows;
this gray interval mare homog.
and sticky,

MARLY NANNO QOZE

55: 4-63 em

45%  nannos

30 clay

5 forams

5 diatoms

4 sponge spics.
3 pyrite

2 carb, unspec,
1 quartz

1 mica

1 heavy mins,
1 rads

tr feldspar
tr  dolomite
tr glauc,

c.a:%; Cora®

LECO:  Sect. 1-73 cms 55 0.3

CARB, BOMB: Sect, &-71 to 73 cms 49

COLOR LEGEND
1= 1t, gv. 5Y 6f1
2= gy, 5Y 511

Explanatory notes in Chapter 1
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SITE 357 HOLE CORE 25 CORED : 227.5-237 m SITE_397 HOLE CORE 26 CORED INTERVAL: 237-246.5 m
FOSSIL E
TONE| o ARACTE - =, ZONE| \ ARAC L sl
w = ] w b
- g 21T 18| & | crapHic s w Wl Z[2]w| 8] & | sraPHIC |o5l5E
e % § 2|8 |5| & | uHoroey o HIHOLOOICDESCRIFTION SAEE § 2[8| |G| & | vmoroey Exlenty HIHOLOGIC BEsRRIFTION
2| z[2|o|z| |u| = 52323 2| z|2|9lz| |5 = Z2%3
| - ] = <] - < e £ |
HEIRAE S CEIEIME =g
T A NANND DOZE = dom, 11th, [, WANND OOZE = dom, 1ith.
i Rl Dissem. pyrite throughout; ) I Dissem, pyrite; numerous gas
LA_-L_LJG some vague lam. in Sects. i & expansion cracks only in Sect,
i e [| 4 and 5 where disturb, are - Ag{ o B § 3 and decreasing in Sect. 4,
2| =™ L less. =% =1 1 -y ] ] rare in other sections.
=|E ' 3 byl Uy =|E L
gl il o et 1
10 L e I
3 Fat= | 1
iy -J_‘J_-L‘ \ HANND OOZE
W igegt | a
E :.l_i.&. : 85: 14 cm, 3-98 cm, CC
4 _ 50-60%  nannos
I
] A1 | 20-25  clay
] 2 2 e T 10 carb, unspec,
2 ] it ! 5- 8  forams
= Syl e J11 - 5- 8  diatoms
R sy 1 1-3  pyrite
= |.'I‘_|.""' tr- 3 quartz
— i Bl tr-1 mica
- YoID b | tr- 1 sponge spics.
3 ) -, - 1 sil. unspec.
3 E Ag S tr  dolomite (S5: 2-4 cm,
-~ |5 = . el | 7-56 cm)
; é - 3 ha L_L.-I-_L{ ] tr  wvol, glass (5%: 2-
FREAE il 3 o B U 4 cm)
S 149k i
LR n et ] r a8 tr glauc,
3 3 E - ,__l__|__.- tr rads (55: 3-98 cm)
o L
= : . Ll I
w E" 8 . g ek I
= h -
g 5% HHE g
S |El 3 ] ! NANND QDZE ¥ 32 ".n."'j:“
= '\é g ] Ll 4 I-.t_-l-
= . 3 7B 2 |a| B |#a £9
g |3l . §5: 5-62 cm = ||t |
= = 5
s " 1 Gt | 451 nannos = |&| 8 4 ]
hgd 4 Tl 35 clay ol I § e
P Mgt By 5  forams s8] -, - J
! F e ey I 5  carb, unspec, SlEls f~F M
e (bryozoan frag.) ol ] | )
Eyeked 4 diatoms plElE | 1h2
e ) | 1 feldspar (altered) =5 |8|= Fo
oy i | 3 vol, glass £ 1]
ALl L 2 dolomite F |
Ay Aipette NI I P 2 mica Ag ey
s _L_L_L_l. | 2 heavy mins, 5 |_“L 1
i Sl 8 (tourmaline) 2 ot d ]
o e e e 1 pyrite -,
i beg® S I 1 sponge spics. ._-L_L.j
o tr gmc.n? R |
T | i Bal'S
g w31 ]
e |
L
]
Ag-| bl |
6 _i._‘_.j
.
CaChy% boion I
CARB, BOMB: Sect. 5-51 to 53 cms 72 R
L
COLOR LEGEND 7 j_-'—: r COLOR LEGEND
| Rupdis 1 =1t, gy. 5Y /1
1= 1t. gy. 5Y 6/1 hgr|Ca [Ag] el = . 1=1t, gy, 5% 7/1
Explanatory notes in Chapter 1 cC L
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SITE 397 HOLE CORE 27 CORED : 246.5-256 m SITE_397 HOLE CORE 28 CORED : 256-265.5 m
| Fossit [ ONE| FOSSIL
ZONE| | ARACTER e X CHARACTER =
g 3| £ | orapuic |Z55s F] 3| 2| orarmi H
ulalg 3 el BB e B LITHOLOGIC DESCRIPTION HI § 3al |2l B | fhoinc: 8.l LITHOLOGIC DESCRIPTION
S HE HEEHRBEE 25 S HE HHEREE ST
HEEEHRE =5 HEHEEHEE &
HEIEPE 55 HEIGHE e
— T - NARND OOZE = dom, 1ith. b
e = Dissem, pyrite u-roughout; _._J“.|_
Hitpad R rare pyritized worm burrows, T NANND OOZE = dom, 1ith.
p re s P ) 51 - ha -, 4 Dissem, pyrite; no gas
2| =M1 ) - .l_"“.l_'l'j 0 2= ! 'L.I.""'I expansion cracks; homog,
=| E o gt NANNO 00ZE =| = ¥ St (except for drilling
M, MR disturb. ).
 Sapetl Bagpet 55: 1-51 em ..I_-L_I_
T e B 60%  nannos =
gy 1520 clay ]
] 10 diatoms P, <
e 4 L 5  forams S ol ian
T I TR -,
_‘:’ Ag ._I_.l_.‘__l_ 5 carb, unspec. i
g Ag il 2 quartz Ao T
- 2 .L_-I_i-l- :; m::c 2 e
o ] tr  pyrite n
& == '.L‘J’_J.._I‘. tr sponge spics. J—_I_-'-
= o Tl gl e NANNO QOZE
£ g g By Wil
3 T B =~ $5: 3-75 em
= L NANNO 00ZE L-‘l-.::i 2 2
2 o - 60%  nannos
s AT g, "l
—~|3]& ¥ Bt el 50 55: 3-105 em ki 25-30  clay
5 l2|3 |M ST S i Sl 3 i
s % A Bl Spersl 654 Ag o iy orams
n g8 3 il Al nannos 3 S 75 3 carb, unspec,
: vg e 20 clay Pt 3 diatoms
9|2 i Bl Beprd N 5 forams == 1 1 ite
4. o Sl B 05 N gt Py
= B - -] 5 carb, unspec. i i 1 5il, umspec
& lsl® e A 2 diatoms L tr quartz
w § g P . ! daT?utﬂte . § T tr mica
i * E e
Ak P o dars A o
2 - N o 1
& % = I t‘j"i"‘- tr  mica H _g 3 _._::_L
E 2 8 Byl iy £ E E hg WSy
3 4 e . L 4 A
*E P Tl Smear slide of pyrite-filled w |E| 8 -
& gy uirsintickitons 08 Sl
o ey : i ) B
LT 2|58 Al
LA = lels L
P, = |58 L
ey FYRITIZED MARLY OOZE o |El g L
1 el Oy '5 Bl N Bl
L 5§: 3-50 cm g e
Al d . g Sy
4 e 45-50% nannos -é' A R
& il eyt B 30-35 clay 9 by
§ T g 5 carb. unspec. 5 Pt
b i 3 forams A
Pl 2 diatoms LT
Al S tr  dolomite s
gt tr quartz Tt
Agd 6 'L_I_:::-I-j tr mica J_t_l_
[ L Tt
..LJ_-I.
i A Bt
Ca£03= C° E‘l Ag i :_l
LECO:  Sect., 3- 58 cms 73 0.2 N CaC0,% C_ . X
CARS. BOMB:  Sect, 3-111 to 113 ems 83 L —+ o
i LECO:  Sect. 2-77 cms 54 0.3
sy
_i__l__l.
COLOR LEGEND 7 -J-—_I_-l- COLOR_LEGEND
1=1t. gy. 57N ‘-_._: - 1= 1t. gy. 51 B
Explanatory notes in Chapter | Ls ] L I -y
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SITE 397 HOLE CORE 29  CORED INTERVAL: 265.5-275 m I§|_|:l' 357 HOLE core 30  CORED INTERVAL: 275-284.5 m
[ FOSSIL
FosIiL ZONE
IONE|c aRACTER Z CHARACTER ul
GRAPHIC GRAPHIC
LITHOLOGY LITHOLOGY El

LITHOLOGIC DESCRIPTION

B. FORAMS
NANMNOS

LITHOLOGIC DESCRIPTION

AGE
NANNOS
SECTION
METERS
EIM F
LT HOL?GIC
SAMPL
AGE
FORAMS
NANNOS
SECTION
METERS

FORAMS

K

WANND DOZE = dom, 11th.

8
a
o Considerable coring and
o

i.

NANNO QOZE = dom. 1ith,

I=]
2
Fyrite dissem, throughout;
some small burrowing, but Ag
not extensive,
1
NANNO DOZE
Ao ]
§8: 6-134 cm ’
60% nannos 2
25-30  clay
| 5 carb, unspec,
3 forams
3 diatoms
1  quartz
1 pyrite
tr  mica
tr  sil. unspec, ha

-
[=1
=1

drilling disturb.; gas
expansion cracks in
Sects, 2 to 4; dissem.
pyrite throughout.

FEEE

Agd

hhEEH

MPL 3

14

MPL3

NH14

RS
Yy

k

bR
ir—l

=2k FFF

'_
[

NANNO ODZE

55: 3-74 cm

nannos
clay
forams
74 5 carb. unspec.
diatoms

pyrite
quartz
si1. unspec.
dolomite

tr glauc,
7 tr mica

FhERERREREEEREREEEE
|.
UL

Bg.

G
hhF

oBeochen,
Samp.,

I_

= 5
FFrrrrrrr rrrr"]
AR A A
AR A AR Y
’PMAMNMAAMMMAMM{W\N\/\NMM{WMMANV\NVV\AMAWV BTATAY A @
- S gg

g

i

dogater agymmatrdous
hE

Digeoaster asymme

Large, broken mollusk-bivalve(?)
shell frags, (1 ecm x 1 em),

DM

EARLY PLIOCENE (Zanclean)
margaritae/G. punctioulata

EARLY PLIOCENE (Zanclean)
ra

"HEERE

A

vy

|

L

bt

| F!-P rk!-l'

AAAAARANANAAN
EEE

EHEE

i

Rod

i

caco,

I s CARB, BOMB: Sect, 6-134 to 136 73

CaCO,x  C. %
LECO: Sect, 3-75 cms 71 0.2

l_
AU

FERFEFEERE EREFFEERERE EEEREEE

GG AR A AR AN A AR A AR AR ARAA AR
|_

A
EbERE

l..

COLOR LEGEND
- 1=t gy, 5Y 7/

COLOR_LEGEND 7
1= 1t. gy, 5Y 6/1

-
Pt
HH
EE

L6E ALIS

I_
k
1
&
al
Ft

Ag{cm A [ec]

Explanatory notes in Chapter |
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site 357 HOLE CORE 31  CORED INTERVAL: 284.5-234 n SITE 3% HOLE CORE 32 CORED INTERVAL: 2%4-303.5 m
FOSSIL FOSSIL
N IONE
IONE| i araCTER CHARACTER =
212l 13| & erarnic E1 ] 8| & | orarmic |WZz25
w = I - " =
5 2 § HEIE £ E | imHotosy LITHOLOGIC DESCRIPTION & 2 § 5 b £ ¥ | LirHoto Gy _“qg: LITHOLOGIC DESCRIPTION
BEEEEHREE HEHEEHEER Hazes
NP EEIFPFE =
MARLY NANNQ OOZE = dom. 1ith. o R MARLY. HMO-DOZE. = do, 13th,
Byrite dissem, throughout; ._x_.“_.A.._L ssem, pyrite throughout;
considerable drilling disturb. gt Bl € coring disturb.
b g & L0 B gy
| ¥ A i | 7 g Ty
HE 1 Bz 1 iyt §
z|Z n adl £ T
A T Tl =
i MARLY NANNO OOZE - ) e _,_j
.
n MARLY NANND DOZE
"y 85: 2-106 cm :,.L:-I-
ol gg( n?nnos 'L:td'i $5: 3-131 em
L] clay
- 5 forams 4=, ] 60%  nannos
A P S 0 clay
" carb. unspec, g phe B 1| 3 forams
£ 2 - 3 diatoms < |8] = 2 e,
g = 1 e |5]| 2 LT - 3 carb, unspec,
= & quartz H il ke 3 diat
s 8| = - 1 pyrite — X 7 ol
S |E|& , 108 1 o |2l E 1 sil, unspec,
= |53 | . unspec, S |sl s «leochem, tr quartz
e |5|% 5 tr dolomite s[5 E Samp.
S o tr  mica Y tr mica
213 E,. ] tr glauc, 21 d tr  pyrite
M EH R =l tr  heavy mins, 120 tr  sponge spics.
§ Bl Ag - | (tourmaline} = § = Ag e T
8 £ L S a }5 g -'-_‘,_-‘-
B a2 I
f ol 3 . 5 g . 3 ".t": MARLY FORAM NAKNO OOZE in small bleb,
| 8 =3 a
2 |B|2 - ColyF  Corg® - e FECET $S: 4.8 cn
S ._: LECO: Sect, 3-32 cms 41 0.3 E@ o] 3% clay
= B 131 Geochen, 32 nannos
' L 1 COLOR LEGEND 2 T - Samp. 20 forams
| § 10 carb. unspec,
L 1= 1t. gy. 5Y6/1 d 5  quartz
t_L g 48 2 pyrite
- | ”L.s. 1 dolomite
4 - 4 tr feldspar
] Lo gy tr  heavy mins.
] S g COLOR LEGEND
| S N =y AT e o
__t Ag cC -, =L, I=1t. gv. 5Y §/1
no{ e B

Explanatory notes in Chapter 1
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SITE 397 HOLE CORE 33  CORED INTERVAL: 303.5-313 m SITE CORE 34 CORED INTERVAL: 313-322.5 m
FOSSIL
E -
ZONE|c 1 ARACTER o =1, A g%,
] Z|Sw o
o = | GRAPHIC |o4/5=5 - : Of = | GRAPHIC |oa|z=(a
3 2 F % w =| = | utHoLoGY G LITHOLOGIC DESCRIPTION 0|z ) g <|8| |= £ | uTHOLO GY [Z&|um O LITHOLOGIC DESCRIPTION
< z =2 ol ¥ =5iEv5x] < Z( 9|52 |8 = gﬂ‘
HEEEEHEE = HEERERE =
HHEIE = FHPIES o] S
I o i I ~4 mm Tam, burrowed
-
PARLY FORAM NANNO QOZE = dom, 1ith, 3 - 0 with small hor,
g burrows, black, NANNO FORAM SILTY SAND
m g S Dissem. pyrite throughout, | Ag o5 i_L_l__‘_A_ ! CorERTAe: pynita:
B E 1 al=z 1 3 u]'ﬁ : 55: 1-48 cm
== == ] A__-l-:-l- 50%  forams
1.0 1 i M8 | 25 nannos
\ v ey 1 | 9 cm layer, appears 0 clay
| ] graded, void area 3 quartz
! s 13 I L e R e il
e (] "
4 et B B unit composed of
i e
3 1 o Bepel Ty [} forams,
G N s 1
5 MARLY FORAM NANNO DOZE P ]
o 2 o et
EHE i S =l ZEOLITIC FORAM NANND OCZE
LAHE = $5: 3-92 cm, 4-52 cn P
E 218 Iz‘:d—_t 40-45%  nannos .l.,‘LJ_‘J ! 22 mm layer, black, S8: 2-133 cm
=15 ga I—'-_q:': 30 clay . | [133{<—s0me small burrows 358 zeolite (euhedral,
w32 ,_“:,_": 20 forams A iy (alt, vol, ash?), some twinned)
g % § o | it 5 ca?gé unspec. , t_._:_._jl 25 nannos
s _|,__|’-_|: W 1 3-92 cm| 15 forams
S |#| & o Ag e mu;trg.ies 5 quartz Ag |__t_|_:J lt Foram-pyrite silty 10 clay
. |u] 3 = = Ar:es tr dolomite Sl gl sd, layer; burrowed 10 pyrite
= |23 == = tr feldspar L=l ) with black £i1lin 5 vol, glass
2 |%|a 3 o . A el ™in b B 7o +H
S8 B i tr pyrite el e n burrows, burrows
B +++ 92| 3 Rl B 99 extend 1 cm below
§ === | aco: ¢ % [ = |8 Flepp it Tayer
2 = 3 org s [E| 38 Saadtaet N} .
B =t =] . LECO:  Sect. 3-91 cms 64 0.3 % | !
== | 142 CARE, BOME: Sect. 4-80 to B2 ems n FR R Sopfigyt 1 i MARLY NANND 0D7E = dom, 1ith,
= =8| A & Ag L-L_;_-.__l | In gen, numerous small hor.
—t | & Bt B burrows, and indistinct lam.
et I COLOR LEGEND % £ 9 g B Basnet {only a few with sharp con=
3, 52 1916 ay; BYEN =R & Bty & tacts) of gy., ol. gy. & grn.
4 \ Indistinct lam. 2= 'lt. 2 5 7/1 L 1 4 e B ] gy.; pyrite dissem, through-
a1l em or less. - o L § - out, often £1111ng burrows;
: = & RN : §{1ty-sdy en;ire se :gnce og a“:,”"’
& 5 I e and more indurated mat'l,
| | o el o | clay laye
taf |eal feo] 3 oyl
= St g B | MARLY WANNG DOZE
Explanatory notes in Chapter | g il g . _._51“_,',;5@_
3 S il 4 €lay Tayers $§: 3-99 cn
& -, L 4 4% nannos
3] 3n clay
- 5 forams
< voIp 5 carb, unspec.
= 3 mica
- 2 feldspar
> LI.I._I_J a 1 dolomfte
[ St -]
p Bl 5
g S 7 Y
il T
T 6 Stz a0 €%
H a
o1 O3%  Corg
=L ] LECO:  Sect. 3- B3 cms B4 0.2
o T} gy P CARB, BOMB: Sect. 1-148 to 150 cms a0
Y B ey 1 XRD (4-130 cm) HCl-residue: altered ash
(i} e amorph, fldspar I
7 L] '. g::mgﬂ-l“ T {comman) COLOR LEGEND
hg St by Opal-CT 1= 1t gy. 5Y 6/
1 |ag]  Jec -

L6E ALIS
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SITE 397 HOLE CORE CORED INTERVAL: 399 §.332 SITE 397 HOLE CORE 37 CORED INTERVAL: 341.5-351 m
ZoNE] FOSSIL [ FOSSIL
» ION
cn nincw e 333, CHARACTER) =
. w| 8| B | crapuic |odzxs i F] o| 2| crapHi =
8|2 § § 2[8| |2 & | umoroo ERfES. LITHOLOGIC DESCRIPTION $lzl8 § g 8| || & LITHOLO 6 [Sala2Bu LITHOLOGIC DESCRIPTION
HEHEH Bl = 908 <|<| Z| 2| &|Z| [2] £ =25
=z 5 w il =| Z 2|z w =
2| z|d|a|Z SEEE HEIEIME s
G P gy 2
S aed S ] & s gt:?::ure'less. disturbed, minor 'j—__::-d:'_-_ % FORAM NARNO OOZE = dom. 11th.
= L, Iy ) m — =" Some dissem. pyrite,
S gl § 5 GOLOR_LEGEND £ === =t
Sanle VRN LEGEHD. m o e
E| [po{eefrsd et 7= 1t. gy. &Y 6/1 & e e Y
% |7 £ ! B
3 E 2 Eaaae
[ & o e
HE et
= IR E ) lna e b FORAM MANNO ODZE
= |8 —+—=- ®
£ (€ e e
s 1 2= T cm
8|33 —!:,__F,: $5: 2-61 em, 3-145
S E o E g :'_—t—_’:t o 15—53‘: n%nnos
f— cla
E 3 . % 2 __I—i—_to 61 10-15 for:ms
E |£ - —— .4:": 5 carb, unspec
= Y =] e - 5
§ M HE v pyrite (55: 2-61 cm)
3 R —_'__—'l— =1, 3 feldspar
g o E. : __|E:__+|..': 7 2 quartz
w |2 — =
’g g | sl ":|—_':-__-¢—o XRD (2,132 m) HCl-residue: altered ash
2 |5 b, P s (Y XR-amorph, (abund.)
=] % L1 '-l-_-‘__-l:': ontmorill, } (common)
K i === tz,, feldspar
SITE 397 HOLE CORE CORED INTERVAL: 332341 5 p 5% a ___,__Er-_':bo phiiTipsite (rare)
zone| FOSSIL ol g s E sE=Sooch
cH ;Acrﬂ 2| 2| conpmic |22 i E -*'_-,_::"‘:,_"oa Thin bed of graded, alt,
- " wl 8] & = RIPTION & = pols pah
2|8 g <|8| |5| & | urHorosy E’E LITHOLOBIC Hrac : B s ZEOLITIC FORAM NANNO MUD
HHEEHBER 5322 3 TS
HEFF B : E X S5: 4-130 cm
o s I WARLY FORAM NARNO GOZE = dom, 11th. Ag e e peolite
ég Hi‘-:-:‘" Dissem. pyrite throughout; some 1 1- "':'_.__—":’: ! fg :::nos
™ e mottling and small flattened, hor. R e 0 For
05 - —|—_':| burrows filled with 5Y 6/2 1t. ol. - —!:‘_—l-_-': 1 .
-|:|—'—| ! gy. mat'l,; vague lam e L1 0 vol. glass
< = | . . . . —— 3 quartz
- :f:’_"'__' | by et F1 30— 1 2 carb, unspec,
g ——— Ag+ - i
Elels == | Ag CC gy CaC0.% C %
S 2] & ===, 3 org
HHE ==, MARLY FORAM NANNO 00ZE LECO:  Sect. 4-131 cms 35 0.2
2y Hee 182 CARB, BOMB: Sect, 4- 65 to 67 cns 82
gl Pty S5: 2-100 cm COLOR LEGEND
g8y _':‘:"_" 49%  nannos 1= ol. grn, 5Y §/2
R _+j|—_+:1 35 clay
ol 2 iy, 15 forams
= |E|3 et 3 feldspar
= 5] et hoo 2 uartz
E =] 1 olomi te
_g _|:|,__|__| tr carb, unspec.
E an g, tr pyrite
nadeatral foo|  J—fmtm) o,z
E] L LCOsE  Corg®
g LECO:  Sect. 2-101 cms 76 0.1
3 COLOR LEGEND
g 1=1t. gy. 5Y 6/1
2=1t.ay. 5v7/1

Explanatory notes in Chapter 1
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SITE 397 Hm:ossu CORE_ 38 CORED : 351-360.5 m SITE 397 HOLE CORE 39  CORED INTERVAL: 360.5-370 m
E
ZONE| y aracTER = zonEl O eren wlz
g H 8| 2| orarnic 5 e ol<dly
w w - 4 Q) = G It}
e 28 Z|2le| |5 £ | LiTHoltoGY O LITHOLOGIC DESCRIFTION HPEIE ? sl |E] & RAPHIC lozlz312 LITHOLOGIC DESCRIPTION
<| £ - - Ed05] 2% 2 =2 5| & | LITHOLOGY Zaj 2 2
HEEEHBE £ HHEEHREE S
HEBRE =5 CIEIFME: HEEER
] y
L] - Dissem, pyrite, occ. in blebs. i s, — WARLY WARND OOZE = dom. 11th.
] o {1} Mod. mottled; indistinct lam,;
£ |po] Y = :_L"-_I_J' T burrows filled with pyrite;
o & |AgH e e K| pyrite also dissem, throughout
= 1 = —— & = 1 T Sead'§ I as blebs - below 110 cm (Sect.
::"‘:_::':e = I.J-_A-‘L.L i 2 mottling, burrows and pyrite
= A ey e Creases,
ssck e
o e MARLY FORAM NANNO 0OZE = dom. 11th. sl
1—_’:I—_': Mottled with 5Y 6/2 in mottles (1t, o Bl By ]
1_—4_—0— - b ol. gy.); small, flattened hor, ‘-_1_-'—_._-‘-
H— .,+:'|’: burrows ET-Z mi numerous and filled Bt Byt 8
Ag == =4 1 with pyrite; occ. lam. of pyrite & A -, ]
=== o organic-rich mat'1, of 5Y 7/1 1t. ay, 1 | e
’ = 2 A MARLY HANND DOZE
\‘:.:f—_,_'—g B e
:,—t:,: N ] SS: 3-64 cm, 443 m
e et 3 MARLY FORAM NANNO 0OZE L 40-55%  nannos
e Sl N B
_,:‘__|_ = L.LJ_.L_I_ 25 clay
R e, $5: 3-87 cm, 5-70 cm ] 5-15  forams
I—_|:'_—|——| [ 42-45¢  nannos ] 2 Vo) 5- 8 carh, unspec.
Ao e et I 35 clay Ag | o el $-%  felduer
;_D.:'__.:"o 10 forams t "“-_t -4 & g 3;:75:
3 - 5 carb. unspec. - E4 !
g iE._ z 87 2-5  quariz g 3 ] 1 deolomite (S5: 3-64 cm)
% == =] | 2-3  feldspar g L]
o — = 1 dolomite (55: 5-70 cm - £ A
2 (=|3 === ! tr  pyrite (S5t 5-70 cn) = B St
5 |22 === H] ? 3 T
e %] g, et T |E ]
g 5|5 =) HHE oA
28 E & I 5 5 L_'_..I__L_L
w | E Myt Kipp |
& | q Ag + S g Tt gl 43 T
g |3 5 4 w RS pil Eigperr by Distinct lam, ~3 mm thick
S |Eld T S & % A 4 L, of 5Y 4/4 dk, ol, grn.:
bl By 1 = |55 e b e MARLY NANNO 00ZE
E 3 & | Lam. mat'l,: = |3| 3 L
L] i
= E i FORAM HANNO OOZE 3|2 L L 55: 5-130 cm
3 i 3 E il 48t nanniog
% §8: 5-106 cm b "i"-:-" %n :.::ﬁ unspec
3 [Ag- 45%  nannos % e R 5 forams ’
£ s 25 clay ,5 g Sl Bt | 5  quartz
b 70 15 forams - Tl | 2 feldspar
i 5 7 quartz 2 5 St Tt | tr  dolomite
i 5 feldspar E il Ell 5 tr pyrite
4 06| 2 pyrite Sl
== 1 dolomite 8 L_L'L_l_"'
_'_—'-E fa4  |ag oC t—l-"L-l-_"—- 131
e d —. =
=
==
=
fg VoIi==H—
Ty Catl,t € %
& ==, =, 3 or
—— 4 — Ty CaCx € . %
=== LECO:  Sect. 5-130 cms 73 0.2 e
= CARB, BOMB: Sect. 6- 73 to 75 cms 66 LECO:  Sect, 5-130 cms 44 0.2
gt CARD, BOME: Sect, 4-127 to 129 ems 75
o
e COLOR LEGEND
7 g g —_ e COLOR LEGEND
o |l oSS 1=l . s 121t gy, Y 6/
- = 2 . gy. 5Y 6/1 2=1t. gy. 5Y 7N

Explanatory notes in Chapter 1
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SITE 397 HOLE CORE 3 CORED INTERVAL:  370-379.5 m SITE 397 HOLE cORe 41 CORED INTERVAL: 379.5-388 m

FOSSIL
NE
s CHARACTER

GRAPHIC

2 GRAPHIC
% | LITHOLOGY
-

LITHOLOGIC DESCRIPTION
LITHOLOGY

LITHOLOGIC DESCRIPTION

AMS
s

AGE
B. FOR
NANNO!

SECTION
LITHOLOGIC
AGE
SECTION
METERS

SAMPLE

5
z
m
PL.FORAMS|
= -
25
s (A8
87
=
MNCE
A

RBANCE
SEDIM rfa:?

NANNOS

ol

FORAMS
NANNDS
PL. FORAMS|
D
LITHOLOGIC
SAMPLE

H

Drilling breccia - no samples
or smears taken due to disturb,

MARLY NANNQ OOZE = dem, 1ith,
Numerous small burrows, hor,
somewhat flattened, and often
with f111ings of pyrite blabs
some with hales.

NHY 2~
13
*—l FI

o ©
® e

hH
3

N7/Mig

NN12-NN13
o

ERERE b

KEEFERF

AAAAA;
F

Eﬂ
Ihl-
FREERERE

MARLY NANNO 00ZE

F

FEEEEFEEEH

un=Cs THGOBUE
FEERFEFFEH

nthea

Callyx  C arg¥

L LECO:  Sect, 3-48 cms 66 0.2

F

'+
N
l_.

55: 5-43 cm, 6-8] cm

50-70%¢ nannos
5 50 clay

5 carb. unspec,
b (55: 6-81 ¢cm)
5  forams
5 faldspar
2 quartz
2
r

k[r{#{p
FHEREREEEHHE

FRFEF

FEEEEEEE

| g Dl Sl Pt Bod ] S T T ol

COLOR_LEGEND
@ 1= 1t, gy. 5Y¥7/1

FF
E
I-FF
vE

EARLY PLIOCENE (Zanclean)

ithua
T

pyrite
dolomite

FE)

A

eratel
it

AN

H R

F
F
I_.

F

Ag—C5- A ) i

t
A

F

Explanatory notes in Chapter 1

& 1 with some
alt. of 2.

EEFEEEEE b F

FEFF
tidadsy

I.
it

=]

EEL
|._
P

ilobigarina nepenthas
1

EARLY PLIOCENE (Zanclean)

=
Hs

Ag —

I.

i+

43

Ceratolithue trisermiculatus-Ceratelitius rugosus
&

FFEERF
rﬂﬂﬂﬂﬁrf

e
EEHIE

FF

I-‘

Caldys €y %
8] LECO:  Sect, 6-BB cms 56 0.1
CARB, BOMB: Sect, 6-33 to 35 cms 73

L
FE

i
Y

't

I.
i

COLOR LEGEND

1=1t. gy. 5Y6/1
£=1t. gy, 5 7/1

kE
iyt

G

ELERGILLE

L6E ALIS



397 HOLE CORE_ 43 CORED INTERVAL: 396.5-408 m
site 397 HOLE CORE 42  CORED INTERVAL: 339-303 5 m e ACED >
zone| FOSSIL ZONE| W ARACTER Gla,
SaACTER o 3 H 8| & | orarmic |35 g LITHOLOGIC DESCRIPTION
” w| Z[2]a| |2] 8 [ orarHic LITHOLOGIC DESCRIPTION o |28 <[8| |5| & |vwmoroey TS
o |28 <|o = & | uTHoLoGY < zZ| 8= el = EEEE|
z =|Z o = z|2 ? =
b z § g w| = pt 2 el s bt
g HEHERE CEIE £ ek !
z|&|€|Z === WARLY NANNO OOZE = dom. 1ith,
= ] MARLY NARND DOZE = dom, 1ith. -l-‘l-—*-:t s Burrews throughout more undisturb,
ot} B Numerous small burrows, often _LJ_.L portion which are small (2-5 mm)
= = filled with pyrite, T FiperF iy and filled with pyrite-rich mat'l,
o 0.5 voID fi thpord 1
= . MARLY NANNO OOZE 5 P I
z .
- | ha " ss: 1-112, 130 on urtle
H ha ek 10 55-608  nannos e MARLY NANNO 00ZE
7 W 25-40  clay Bl
2]s| " i s M T PR LKL tr-5  quartz Ll $5: 4-49 cm, 6-117 em
R R Fih 3 carb, unspec. el el P §5-603 nannos
g |52 3 182 2 forams ST 25-35 clay
=83 4 v 1 yrite | & 1M 5 carb, uns
: 1-130 em) | - carb, unspec.
il B - 1 diatoms (SS: g - j o 3 forams
2 - ica it \
Z | g i B A "1 2 B Rexe? Vo tr-1 pyrite
3 Bl B 2 e L E:: o?g;iu [ T tr  dolomite
2 4 s g | I tr quartz
Ag- ot b 7 4 L tr  mica
[ P Remel B
L, ey gy | tr  glauc, (S5:
5 m Sy Py I b Filled with glauc ¥ 42 on)
E . i Doyt Large burrow ed w 4 P
# |rafcning]  [og] =il and pyrite in CC. "'i"':
& CacO8 €% gl |z it
} 2 _org- g - z 4 L e
5 LECO:  Sect. 1-130 cms 6 0.2 EHELE | I
B CARA, BOMB: Sect. 1-112 to 114 cns 55 2 |3k IS 5 T Y
3 COLOR_LEGEND il A R o1,
: SR L ] 3:
E 1=t gy, 5Y 6/ % S8 ot
2=1t. gy, 5¢ 71 o[58 s 100 Loyl g 182
Explanato tes in Chapter 1 g |52 i e o il [
xplanatory notes in T = |2
# ! bl § ag I.-I'.a_-l-ji 49
- - [ M Ty
5 3 4 bt
" I'.L.J_.I..-L |
b el ald |
o Do B
Byl il & [
il &
Tt errdl
ey
I-L.J._-L..L. !
I'_I. i !
Ag i |
T Bl W I |
e e |
5 R Py
L
I'.J_"'_l_"' ]
t._‘__l__l__l. I
"l Bl W B |
A gl
Tl B W
e Brppet S
e S St B i |
i Eppendi Iy
Ag L._L_J__._.-L I
1 s |
6 el caco,x
St St 8l B |
eI KR | 1 CARE, BOMB: Sect, 5-90 to 92 cms 81
i i Lt
Jop Y I
ot COLOR LEGEND
ot N |
7 .'_I_i_LJ_ i 2 =1t. gy. 5Y 6N
B g 2= 1t, gy, 5 7/1
| 1
o 8 i i
e [ 0% I E ¥ St §
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€l

: 5427 m
OLE CORE 45  CORED INTERVAL: 417.5
T N:] FOSSIL | 2] -
| N = (P 8 LOGIC DESCRIPTI
CORE 44 CORED INTERVAL: 408-4 - - s - - -
357 HOLE ; ; T - --
SITE FOSSIL > - < g 5 & v & =
L1LL o § !
ZONE| . ARAC !!lz @ z LITHOLOGIC DESCRIPTION 8 ; ; E E g HE 2“:5: -
H S| = | GraAPHIC i) Ol E{E o
w |, < § 5| & | urHoLoeY 5 HEIGE : =% FARLY W0 07 = iwrwgq
o= § ] 2 = o :g ] b L Merous smi hor. burrons,
“|5| Z|e 2 - = Tith E- s e i PiTies W pyrlterich |
o MARLY NANNO DOZE = dom. 1ith, : + i T
T varrs 1110 with pyit 1 I 05 el tacts, §Y 7/1 1t. gy.;
I burrows filled with P"r;:':h LN . 1 ) ?:.i:r!quel.lt lenses n}’ P“'Em}
rich mat'l. areas more - = 3 all ST
, M | s et B g 5 1.0 ,*4-—: pyritohedrons,
=; Agd p 86-100 cm (Sect. 5). : _ e
3 f= i ine ? ﬂ =
| : : : i 00ZE
== 1o vorn I : -L:::A =
= MARLY NANNO 00ZE ] -L-L-‘ —
= ! = 55-60% nannos
e B 55: 5-60 cm T 2 -
= : 4_ o 2-7  forams
Ry 60% “7nm:s 3 S 2l
- ] 35 clay
Ag A 1 forams et 1-6  pyrite o
= = : o tr- 3 glauc, : 4
2 - 5 g tr  dolomite (5s: 4-
x._._"‘-.l...j tr  dolomite = st 7
b o et B tr quartz b "'-l- & e
S Bt tr  mica i $
B tr glauc, B g : :: = i
2 S T I Ll HHN 7ol i
g =
R _J_-l-j ] :F sil. unspec. g |58 . e ‘
X gt r ERRIE e,
: -L-I-A | w |3 k| el o Rl
w Ag L:“L—I_:: : HEJ '§ & ‘_Eesﬂ:':ml
= 3 i | | .
i = v - ] Lam, area:
g | E - _,_J-J_j : Caco, nrl & é s _—
" - g R o ‘: r
= § ._-I-A.t.l I LECO: Sect, 3-53 cms 76 5|3 Li:L o
ol B i i 1 COLOR LEGEND HEM o i e
a7 et I 5y 671 ¢ ok Z7
Ll 8 e 1= 1t, gy, H 4 e b o
%‘ 1 I'_|_ 4—_. I P -I-J_ (= ] o
31 8 |agd - a1 & p 15
o W et I : hFLJ- " F
| | = : e tr feldspar
-L-L-LJ I : LJ_J_ tr mica
= § o tr  vol, glass
. P St Ty, Y} P L,_L ; &
| -.-J:I | 2 - L-I-L- tr diatoms
-L-l- ~| 5 { LJ:L tr si1. unspec,
—_—
L-L'L-A: I . 5 L_I_—‘— 3
&g = I L I il 1Y
= B Ty
* - 141§ |60
2 ey !
J_:::.]_j:. |
Lol
J-L-LJ: l CnCDal f.u *
A ¥ By
| | | B 55 0,1
| S e Tua &
Explanatory notes in Chapter L
COLOR LEGEND
1= 1t gy. S5Y6/1
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SITE 397 HOLE cORe %6 CORED INVERVAL: 427-436.5 m SITE 397 HOLE CORE &7 CORED INTERVAL: 436.5-446 m
zone| FOSSIL > Zone| FOSSIL | | -y
CHARACTER| o CHARACTER
- ; w 5 E GRAPHIC S §_ TION -y w| 3 2 w E E GRAPHIC RIPTION
o g a < g = £ | LiTHoLO G Y [E5|we O LITHOLOGIC DESCRIPTI ° ; H : -} g =l £ | LitHoloGY LITHOLOGIC DESC
<%z 9 - b I EYoal < z § - u F
HHEEHBE Soomz HEEEEHER
HEIQPE af-r=4 HEIQE
- 12 cm: 1 mm thick, Numerous Tam, 1 to 5 mm thick,
2= ot 7 5Y 4/1 dk, ?y Tam, most with sharp contacts, colors
& Ly b with up to 10% -4 ranging from qy. (5¥ 5!1){ to dk,
L4 B pyrite, A 05 St ay. (6Y 4/1) to It. gy, (5Y 7/2],
w | E - 9 ’ gt same containing pyrite-rich mat'1,
&3 = Nt some burrows, gen. both large and
gk a MARLY NANND ODZE = dom, 1ith, P e = small often with halos; numerous
ENE R __I__J.._L pyritohedrons in sec. 3{140 to
|'1-J 'é; 5 55: 1-12 om .I_"L.l. 150 em) »1 x 1 mm indurated,
3 i E 50%  nannos ‘L'i"*'
5 30-35 cla
E in 1 -+ 4 MARLY FORAM NANNO DOZE
3 parite 4L
bl 3 forams Ay = [
& 2 carb, unspec, L, §5: 3-30 em
tr quartz 2 L 45%  nannos
tr wica Ayt 35 clay
tr vol, glass .I._.'l'J. 15 Frir mih
tr  glaue. L 5  carb. unspec,
tr  diatoms iy tr dolomite
“t _Li :: quartz
. mica
Lam. : tr  vol, glass
MARLY NANWO DOZE 2 Ag- 1 tr n.\f?‘itg
& zle J__L n tr diatoms
§5: 1-20 cm g s g 3 L
601  nannos =N el Sy
3035 clay w |§ § gt SANDY HANND FORAM 00ZE
3 forams = E 5 el B
3 carb. unspE!f:‘ y & S 55: 3-41 em
tr- 1 vol. glass (acidic ik o St 1 35%  forams
tr dolomite = {é Tt 3B clay
Y Mtz i e 12 nannos
tr "‘jl‘:“ i g i L 10 carb, unspec.
tr g h;lﬁ‘ alE 4 5  echinoids
tr  pyrite : 4 A Bt By | 5 quartz
tr  diatoms w e iy k3 5 pyrite
£ i ——
COLOR LEGEND. i;__l_ | = tr  glauc.
7= 1t gy, Y 6/1 "':"'-I T
fF St |
Explanatory notes 1n Chapter 1 _l_:.l_J MARLY MAKNOD 0OZE
A Ay
_._: -, 1 sol 55 5-50 em
C Sty 55% nannos
2 it 3/ clay
e T §  carb. unspec,
P i — 3 forams
il
A -] 1 pyrite
" Ay i St B gy 1 diatoms
tr dolomite
tr  quartz
tr  mica
Cdtﬂif. Eo 3
LECO:  Sect. 5-56 cms 65 0.2
COLOR LEGEND
1=t gy. 5Y 71

L6t ALIS
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SITE 397 MOLE CORE %8 CORED INTERVAL: 446-855.5 m SITE 397 WOLE CORE_ 50 CORED INTERVAL: 465-474.5 n
FOSSIL FOSSIL
E ION
. cnnncglz gl=d, [:uaucrnz ulEa
Al ] o z|2u s o z| S
O| = | GRAPHI O| = | GRaPHIC
o 2|8 g 3 § R IO E‘ggﬂ LITHOLOGIC DESCRIPTION ez 8 ? E § =l & [ umotoey :Eggz LITHOLOGIC DESCRIPTION
< z = ] < z B
HEIHEEREE a3 :3255 ul = a3z
E{ i = <| i
HEIFIHE 7R 2| z|d|&|Z b
— ! MARLY NANNO CHALK = dom. 1ith, = | FRRLY WANNO CHALK = dom, 11th,
—4 | Numerous small, hor. burrows filled = =t | Numerous large burrows, type
= e with pyrite-rich mat'l,; some lam, ] Cg ey not discernible due to problems
= Ay 1-3 mm thick of pyrite-rich sedi- w iy e i 1n splitting core,
e dles ment, dk. gy, {5V 4/1) to gy, (5Y Gl E y (——
B 5/1); sediment now {ndurated. =N B ]l 1
== = |u| 3 g CaC0, %
i w2 i : v 3
g =N =gz ===sh CARB. BOMB:  Sect. 1-98 to 39 56
] . ; | s : ct. 1+ cms
- HE e MARLY NARNO CHALK by ——
2 b ! 4 B e COLOR LEGEND
ALE =) 32 lron om 2| 8 jpaforfio] ———— 1=1t. gy, SY6/
u E g i | d 508 nannos g 1 cc s 2l
5 |8]% s ) 45 clay Y
g > o 3 forams 5
wl§ —H | 2 carb, unspec, E
F § n | tr qti.lart:
T | tr mica
LI = tr vol, glass SITE 397 HOLE CORE 51 CORED INTERVAL: 484-493.5 m
ak = ! tr pyrite B e| FossiL
"‘ AgH : tr diatoms ZONE i aRAC - wls "
+ COLOR LEGEND Al | w Z|oe
0o co ha — : O| = | GRAPHIC |ya|Z
a{cg : 1=t gy, Y 6/1 8 |2 8|3 2[8| |5| & [umorosy ;gg.._' LITHOLOGIC DESCRIPTION
3 i 2 2 H i E:Eq
2 z| 2 dlZ S| wain] Sl
E 49 CORED :  455.5-465 m ko
et m','o““ ok HIEEERE =TT TE 2 FARLY NANND CHALK = dom, 11th,
IONE = 5 Appears somewhat lam., also
CHARACTER g - o w slightly mottled, occ. stks.
b rite.
8 [2 § g 33 £ E [TRRRHIC : Su LITHOLOGIC DESCRIPTION w s E L
< =z ] = E95a] g |z
HEREHEHBE FEE |3 WARLY NAKNO CHALK
HEIHPE =3 w E i 5
WARLY WANND CHALK = dom. 17th. 5|8 F §5: 1-3.cm
Numercus lam., thin 1-3 mm 8 E 48% nannos
Cod thick, some hor, small burrows b 40 «cla
with pyrite; lam, have nearly -3 8 5 carb. unspec,
identical sed. types. ‘g B 3 forams
1 ils 2 feldspar
2 : 1 dolomite
= ] tr pyrite
COLOR LEGEND
MARLY NANNO CHALK 1= }t. ay. g: g“
t. gy.
5§: 3-94 cm, 114 en &:m T
: 50% nannos
g |3 g% ik 4045  clay
= |= E 2 E 2-3  forams
= |= = 2 carb, unspec.
=18l El tr- 1 quartz
|8 g tr- 1 pyrite
e 2 tr mica
% 5 tr dolomite (55: 3-114 cm)
al e
E g i Cal0y% €yt
] § tg T LECO:  Sect, 3-83 cms &7 0.1
o 3 1] COLOR LEGEND
— o4l=—Lighter gy. Tam. 1=1t. gy. 5Y 6/1
—{114[=—L1ighter gy, lam,
Cy. Ag. cC| - & 8

Explanatory notes in Chapter 1
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SITE397 HOLE CORE 52 CORED INTERVAL: 493.5-503 m SITE '3_93 HOLE CORE 53 CORED INTERVAL: 503-512.5 m

FOSSIL FOSSIL

E E
10K CHARACTER g TON CHARAC E!z 3” o
w “w Z -

H 0| = | GRAPHIC - 2lw| || = | GRAPHIC |og o
5|28 i ZI18| | & | urnoroosy LITHOLOGIC DESCRIPTION AFIE § 2 £ £ | tHotooy (g2 §= LITHOLOGIC DESCRIPTIO
a z =z 2 £ < |3 ™ 1 B EU5a

HHEEHBE HEEEHEE Sl
2| z| 2| &|Z o FHEIHFE B anl Sund
! MARLY NANND CHALK = dom, 1ith, - — \"__'ID v MARLY NARWO CHALK = t:lnm. '!N.h.
I Numerous burrows - both zoophycus £ 7 i :&1 scuit” type drﬂ'l\n? disturb.;
-] and composite filled with pyrite- B | biscuits" contain small hor,
¢ 1 rich mat'1.; intervening intervals = Ca- 05— | burrows; numerous lam. of gy.,
£ =1 5 of gy. and 1t. ay. grn. lam, 1-3 w = =1 = Pi.-gy., 1t. gy., brn, gy.,
HE | mm thick, 2123 3 : 1 1-3 mm thick a1l disturb. and
:‘E A 00 = % .E 1.0 ; disrupted by bioturbation,
o 4 "
H " Els + £e COLOR LEGEND
& =g -+
& ! : 6 1= 1t gy, T.5YR 6/0
i ; 1 i i "
] ncrease in p
] Ca o |« induration of & |cg Ag cC
5 sed., burrows
& 2 now have halos.
o
MARLY MANND CHALK
§8: 1-100 cm, 4-50 cm
60-62%  nannos
Lo 30-35 clay
-1 forams
3 2 carb. unspec,
= tr- 2 quartz
= tr dolomite (S5:
= 1-100 em)
2 +—Geochem, tr vol. glass
i L Samp. tr glauc. (55: d-
== i 1 50 cm)
2 ® 1 b tr pyrite
E 5 ] s tr diatoms (55:
= Cy iy 50 1-100 cm
= 3 — tr mica
2 g 4 o
5 E e
B ol A
& P— "Biscuit” struc.
g ri— from here on due
§ ~——to drill. disturb.
-1 of more indurated
g sed,
5
Geochem.
— [P Samp.
E Ca 3
= 6
g
43 =
] COLOR LEGEND
& 3 H 1=1t.gay. 5Y 6/
. 2=t gy, 5 7/1
Cgd 3 = gy. 2,5Y 5/0

Explanatory notes in Chapter 1
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SITE 397 HOLE CORE % CORED : 512.5-522 m SITE 397 HOLE CORE 55  CORED INTERVAL: 522-531.5 m
FOSSIL FOSSIL
E
ZONE| | ARACTER = IONE|  ARACTER ul
212l 18] 2| crarnic 5 HE 8| £ | orapmic oI5
ozl 8 3[318] |E| £ | umorosy Sl LITHOLOGIC DESCRIPTION HIEIE é 2|8l 1E] 8| unoroey B LITHOLOGIC DESCRIPTION
< z 5 =2 ol % B0 < |2 g ol $ 8 2 =J/5s
HEEEHRE oz HEHGEHRE e
2| z| 2| |2 o=y e ; NP E =] e
1 HARLY MANNO CHALK = dom. 1ith, 1 10 MARLY NANMO CHALK = dom. 1ith.
I 27 "Biscuit” type drill, disturb.; 1 Numerous burrows, mainly zoophycus
I numerous burrows (zoophycus and I and composite, many with hale's;
Cg | composite mainly with some o | disrupted lam. of gy., dk. ay.,
w| = | chondrites); burrows disrupt ) N grn.-gy. and brn.-gy. numerous
=| = numerous vague lam. which are = 1 with vague contacts; pyrite in
gy., dk, gy, and grn.-gy,; lam, | burrow fillings, some with larger
| of diff. colors are {dentical | pyritohedrons up to 1 x 1 mm,
I in compositfon (smear slide). 8|
| [}
i | WARLY NANNO CHALK
I
MARLY [}
ol i MARND CHALK ¢ 55: 1-10 em, 4-22 o
| 58: 1-27 cms, 3-110 cms Ce | 40-70%  nannos
! 55%  nannos 2 | 2040 clay
| 35-80  clay I L g';:;“unsm
I T: 2 carb. unspec. 3 | 3 forams (SS:
| :r ‘2 qua‘rtz = | 4-22 cm)
r- pyrite =
s .jg tr forams b ? "-ta ;e;gﬂs;:r (55:
B 1 tr dolomite (S5: 3- & \ il ol
] | 110 em bl E- 1 tr m{c; (Sg\}l
g ¢ | :r feldspar 28 E tod : 0cn)
= i r mica . 2|8 tr glauc,
2 tr  wvol. glass (S5: = |8 § 3 ! i
w | 1-27 em) = i tr g{r te
w |, w 3 ! tr avy mins.
= |- I tr glauc, = lul s I (55: 1-10
s | F A tr  diatoms = E . ij‘“;) b
(5] § \ tr sil, unspec. (55: a4 | ; ’
wol=l i \ 1-27 em) g ] |
£ 5] : g ! 2 CatOs € %
51912 I CaO,s €, % 3|2 11§22 — o
wla ! —2 5 ? LECO:  Sect. 3-60 cms 55 0.2
AR = LECO:  Sect. 2-133 cms 51 0.2 Ca-
'E g | CARE, BOMB: Sect. 2- 34 to 36 cms 51 4 | COLOR_LEGEND
3 § | COLOR LEGEND : 1= 1t. gy. 2.5Y 6/0
2 : 1= 1t. gy. 7.5YR 6/0 i Burrow T1111n
1 | § N2g=—(ss: a-122 cm? =
|I | 100% pyrite,
i I
i Ca] :
1
Cg- | ) :
-4 -
é. 91 lmaf Fc i
I
I
|
Ca. I
I
8
Cyq | .
Explanatory notes in Chapter 1
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[x}
[+]

SITE_ 3% HOLE

RE 56

CORED INTERVAL:

531.5-541 m

SITE_397

HOLE

(.
O

Re 57

CORED INTERVAL: 541-550.5 m

811

FOSSIL
ZONElcwaracteR
z
<
z

Al e

AGE
SECTION

MNANNOS

PL. FORAM:
B. FORAM

METERS

>

GIC

GRAFHIC
LITHOLOGY

RBANC

el
e et

LITHOLOGIC DESCRIPTION

AGE

FOSSIL
CHARACTER

FORAMS

NANNOS

AM

HERR

FOR
B. FOR
MNAN

SECTION

METERS

-
- u
GRAPHIC |na|z%/5
- Ol

LITHOLOGY

DI
i
L

LITHOLOGIC DESCRIPTION

5

NN11

HEFLFL FLH L E

Co

LATE MIOCENE (Tortonian)

aeminuling paanedahiscerns
Docogetar guinguarars

Cm

-

Cm-l '“QJ

MARLY NANNO CHALK = dem, 1ith,
Numerous burrows, mainly multiple
type with some zoophycus, most
with halos, lam. considerably
disrupted by bioturbation, lam,
are ay., grn.-gy. and gy. brn,

COLOR LEGEND
1 =gy, 2.5Y5/0

Explanatory notes in Chapter 1

LATE MIOCEKE autochthonous with MIDOLE MIOCENE allochthonous interval (Tortenian)

HN1O

Disooaster calearis

H16 Globerotalia accataanais

4]

NARND CHALK = dom, 1ith,
Extensively bioturbated. Burrows
are predem, a composite-type or
oval types with halos (ovals 5 mm
to 8 m long along minor axis),
some chrondrites; "biscuit" type
driil. disturb,

i
i

Slump Z, 1

1L

Black pyrite layer
te—with hollow pyrito-
hedron 2 mm.

46|

dptgliig

|12
&

H:

Slump Z, I1
135

l-ﬂ:ll:l
BRS1ump Z,

Slump Z. IV

T
2
Slump Z. V

=~~~

- - p--———-c—fm-———m—————f-———-~———Q=———= -+

[Cont'd, on C.58

XRD (3,86-88 om)
¥R-amorph. (abund.)
calcite
feldspar
quartz

opal-C

(common)

HANND CHALK

551
60%

Swwannd

e

Alt, vol. ash
ZEOLITIC FORAM NANNO CHALK

S5

VOLCANIC ASH

$5: 4-140 em

58%

20

20
2

CLAYSTONE

55: S8 om

83T
5
5
2

NANNG FORAM CHALK
55: 5-3¢ om

433

20

n
5
2

phillipsite
T (rare)

2-36 tm

3-90 cm
41

nannos
clay

forams

carb. unspec.
feldspar
quartz

pyrite
dolomite

zeolite
nannos

clay

forams

carb, unspec.
feldspar
quartz

vol. glass
feldspar
pyrite
nannos

clay
nannos
feldspar
quartz

nannos

forams

clay

carb. unspec,
feldspar

COLOR LEGEND

7 =1t gy. 2.5Y 6/0
%= grn, gy, 56 6/1

L6EHLIS
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H CORE 58 CORED i 550.5-560 m SITE '337 Hlou . CORE 59  CORED INTERVAL: 560-569.5 m
FOSSIL
ZONE IONE w|Z
cr
8| 2| or FiE _.5 | orarmic [ 2353
O| = | GRAPHIC |, w E|w = Z LITHOLOGIC DESCRIPTION
528 2 el E | imiciooy LITHOLOGIC DESCRIPTION 5lzl8 i 28| |5 & | umoroovEEE 3.
< z o < z HEHEBEHES o
3z a = HELEEHRE Hiasze
o| £ 2| z|d|&|Z =
See C.58. o
+~ JSlu-w 7.y |} see CsT 5 ]4 NANNO CHALK = dom. 11th,
5 = I ! g (2P MARLY NANHO CHALK
L Can 05 K,,\ X NANNO CHALK = dom. 1ith. £ E Slump Z. XI
z W 12 B I < : = g 1 i 5§: 1-127 e
e = i b H 2 64%  nannos
artly lam., homog. ) -1
g b e no burrowe ¥isible. g i 30 clay
5 | | Slump 2, VI o h27] 5 forams
£ . s & e 1 dolomite
S - ! 4 & Burrowed, burrow fillings =" g caftod fec tr  feldspar
= ! in upper § cm contain = tr  pyrite
= S
= . ! dkr., 1t. bl.-ay. (56¢
« 1 L 6/1) mat'l.
g ! SY 6/2 and 5Y 4/2 lam.:
= 2 I 5 MARLY FORAM NANNO CHALK
|
ad
E | n.:tunp Z. Yl 55: 1-147 cm
= 'Ii Nith syn 46% nannos
- . X in cla
) o 1 < ]|5'|Wl1 Fai ML depo. faults. 15 forla’ms
= g 1 7 § feldspar
g 1 ]SIump 7, 1% U, part lam. 2 dolomite
§ | ~—ith dkr. 2 quartz
=} 3 1 IS]W . X purple-blk. tr pyrite
£ | 3 Tam,
g
g . ™ ——tam. €aC0, VOLCANIC ASH
B ¢ | —
2 g ? CARB, BOME: Sect, 2-88 to 70 cms 62 55: L
= : n B0 1. g1
= H 1 ' 3 COLOR LEGEND B foldspar
B 3 ‘:"7 : { Sy Tar ) 5 5  nannos
= 7 | 1= am. gy. G 6/1
5 8 B i 2= Tt orm: oy, 88871 5 subs hapae:
g — 2= 1t, ol. gy. SGY 6/] LGS
3 tr  forams
i | lcc 4= 1t. bl gy, 58 7/1 i
= 5= 1t, bl, gy, SGY 5/1 tr pyrite
Cont'd, on C,59. 8= It. grn, gy. 56 7/1 COLOR_LEGEND
7 =1t bl. gy. 56 5/1 S N
& = dk. gy, N-4 1 = dk. grn. gy. B5GY 471
2 = grn. gy. 5GY 5/1
3= 1t. gy, 5Y 6/1

L6E ILIS



o SITE 357 HOLE CORE 60  CORED INTERVAL: 568.5-578 m SITE 397 HOLE CORE 61  CORED INTERVAL: 579-588.5 m
o NE]  FOSSIL FOSSIL
ZONE) . ARACTER . =4, ZONE| i aracTer " e
] o =3 “ F4 -
- 2[.] 18| & | orarHic i - 2|la| 8] = | orarHic
2 ; § i : g U E LITHOLO GY g! LITHOLOGIC DESCRIPTION 2 E § : g 5 E LITHOLO GY E":[EE LITHOLOGIC DESCRIPTION
3| Z| 2 elz| |%| = =32 x| lz| (%= calz%
<« « =< <| < i) =
ol £l 512 H=S HEIHPIE o s
= g B NANNO CHALK = dom, 1ith, ]
= .- Lam, inclined, rapid color variations from ol. gm. to 4
= — dkr. gy, grn. (5Y 5/2 to 56 5/1) to gy. to dk, qy, (N4 b Scat, dk. specks of pyrite,
i [ Ao 0.5 to N5). Burrows largely composite-type often with thin "
. ] 1 - 1 organic 1inings and filled with pyrite-rich mat'l.; bur- w : I
4 = rows up to 1.5 cm wide; zones of burrows as indicated; = b
. ,., 10 wore homog, in L. part, with absence of burrows. e NANNO CHALK = dom. Tith.
= ] 1 [ &
& - -
= g . =
. Clast incorp. into
8 g FORAM NANKO CHALK s o
s ] - NANND CHALK (sed. clast in slump) E, : Y cser, iitnowed ?éﬁ ﬁiu:yén.o.m
e 55: 3-65 cm 55: 3-106 cm ~ ’ foram silty sd,
= 2 65% nannos 57% nannos = - o ! 55: 2-126 cm
Z ha 25 clay 20 forams £ | 55% nannos
] 2 Ly 10 forams 20 clay & 2 = | ' 25 clay
] 2 feldspar 3 feldspar - - i 2 10 forams
@ tr wvol, glass; tr pyrite F] 1A by | 5 carb, unspec,
3 pyrite s | _ = | 3 feldspar
H MARLY NANNO CHALK g . [Theel]s1ump 2. it 2 quirty
= : MUDSTONE (L, part of a graded unit 2 o] 4 : tr n;r?mt;te'
s L 55: 4-60 cm $5: 469 cm 2 = |
= kS 85 fos oty 403 clay = E i T
= nannos 38 nannos -1 Slump Z, XVIII
2 2 - 15 pyrite - 20 carb, unspec. £ A = 1| NANND: CHALK
8 i arb. unspec. uartz 2 -5 -
g g 3 5 feldspar 2 felaspar 2 3 3 | Stump 2., x1x s51 388 on
= = hos! 4 tr forams i — V0 Pstump 2, xx 5 o
= § NAKNO CHALK 2 5 i
g i Slump Z. XIT (Includes one g i 3 o ot
g [ & R e 55:4-121 cn £ | 5 feldspar
= il clast; some 59% natnos : [ Geochen, 3 carb. unspec,
= % folds isoclinal) clay = | 1 dolomite
| - 3 forams : Ag i Intensely to
= z
2 586 2 :z:ﬂ;“ g £ I' [ hodsrately mattlad. LIMESTONE as clast in
5 4 & bR s 5 Ao Slumg Z. XXL.
Slump 7. XIT1 ols glasss 5 z | 2
= ite «
= pyT 5 Ao | §5: 4-105 cm
§ ) E I 1 100% carb. unspec,
S HANNO FORAM CHALK HANNO CHALK ] < { 10| |s1ume 7. w01
2 2 851 5-1 ss: 6-23 em § ! !
i H =61 cm T w 3 (Ao —
= 47% nannos 60% nannos i E | VOLCANIC ASH
e 1, Slump Z. XIV %g ﬂ‘:rams Zg g'l ay 2 E (Ao |
= Cg clay o 3 3 ! slump Z. XXII $5: 4-110 cm
o ; ] Slump Z. XV 3 feldspar -'5 ;‘;E_- unspec, - = o | o 71% vol, glass
= Bl 3 dzla: :; = | P Slump 2, XXIIT 15 clay
5 = ¥ 10 nannos
1 quartz I
g 1 Slump Z. V1 g | ¢ 2 carb. unspec,
Intensely burrowed and mottled; 2 large \ 2 pyrite
vert, Teichichnus burrows (0.5+1,5 om Stump 2, XXIV tr dolomite
wide, 28 cm long; 0,5 cm wide, 35 cm | i
long}. I Intensely mottled,
a7 | ~=—few distinct
29 I:aED}:\ Cm_ % Ao~ | burrows.
LECO:  Sect. 2- 61 cms N 0.z | CaC0%  Corg®
CARB. BOMB:  Sect. 4-122 to 124 cms BS L 4
Ag-Cmihg cc| fg oed ag LECD:  Sect. 3-99 cms 53 0.3
14| [~} COLOR LEGEND CARB, BOMB:  Sect. 4-69 to 71 cms ]
mixed 1= grn. gy. 56 5/1
2= ped. bl, gy, 58 5/2 COLOR LEGEND
3 = grn, gy, 56 6/1 1= 1t ol. gy.  5Y B/2
4 = dk. grn. gy. 5G 4/] &= grn. gy, 5GY 6/1
&= 1t. bl. gy. 5GY 5/1 5 = grn. gy. 56 B/1
g = It. ol. gy. 5GY 6/1 ¢ = 1t, grn. gy, 56 5/1
7 = 1t. ol. gy. 5Y 6/2 § = 1t. bl. gy. 8 IN

Explanatory notes in Chapter |

L6E ALIS
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SITE 397  HOLE CORE 62 CORED INTERVAL: 588.5-5% m SITE 397 HOLE CORE 63 CORED INTERVAL: 5%-607.5 m
ZonE|  FOSSIL zone| FOSSIL -
CHARACTER i CHARACTER| - G
w - w -
? | = | GRAPHIC - Zlw O| = | GRAPHIC &
o2l 8 g ¢§ £| & | urHoloay MIHOLODIC. DESCRIFTION o |28 g < 5| & | urHoLo Gy [Zjusou) LITHOLOGIC DESCRIPTION
< HEE HE3 < z =|Z 2% °
2 z|2@ z| (& = z 2|9 HEG 5 :E
2 g HPFES ol z ale&|® EEE
FORAM MNANNO CHALK = dom. 1ith. )
Numercus burrows, both hor, and 1
Ag A vert, types (indistinct), but . | MARLY NANND CHALK = dom, 1ith.
0 some zoophycus), some with ] Ag |
w| @ Ag- 1 halos, filled with dkr., gy.- E |e|l2 | 55: 2-51 cm
== blk, pyrite-rich mat'l.; some § =3 H §6% iacis
i ith ite,
forams filled w pyr & i 3520 clay
w |3 | 3 carb. unspec.
E : 12 aneiams
FORAM NANNO CHALK 9 pyrite
= |2l & 2 tr  dolamfte
$5: 180 em w | gn [ tr quartz
o = -
M 49%¢ nannos = |8 g | tr mica
%5 clay =k g o e
2 15 forams 2l s | .
7  carb, unspec, s ] | caco.Xx C %
2 a
26, =13 A thick, 3 Mar j 2 ! 3% Corgt
157 *—graded bed. 1 dolomite | LECO: Sect. 1-41 cms 41 0.2
¢ o COLOR LEGEND
Pha-1ea[™] e = 56 6/1
Ag CALCAREQUS MUDSTONE 1 « O¥. I
_ g 2=t bl gy, 38771
3 3 §5: 2-126 en
§ b 53% nannos
£ §’ 20 forams
s 17 quartz
el B 10 clay
& 2
S || 3
=N B § lio]
2 lE| 2 SANDY CALCAREOUS MUDSTONE
13| 5 4
&1 3 §5: 212 o
§ g 45% forams
. § 35 nannos
a3 s 10 feldspar
ﬂ 10 clay
§ i
3 Ag4 Thin sectfon: 60-70 cm, siderite layer
L]
5
Ag . Eaﬂ%x Cu g'!
LECO:  Sect, 2-108 cms 45 0.2
CARB. BOMB: Sect. 5- 45 to 47 cms 64
COLOR LEGEND
- 1= 1t, bl, gy. 587/1
Aa-{Cg ] 2= ol. gy. 5Y 5/2

Explanatory notes in Chapter 1

L6€ ALIS
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SITE 337 HOLE CORE 64 CORED INTERVAL: 607.5-617 m SITE 397 HOLE CORE 65 CORED |INTERVAL: 617-626.5 m
FOSSIL FOSSIL
IONE
cuaracTer| | TON¥lcn anacren) sz
G| & | GraPHIC E S| 2| orap 2\7=5
g 2|8 g g 8| |5| £ | umHoroey HTHOLAGIC DEbCRITION HIEIF § 3 3l [B] B | oo oy BEZ38., LITHOLOGIC DESCRIPTION
<3| Z| o812 |& = <% 2 g ol 2 258
HEIREEH B z|2 -2‘ i " T3
2| z|2|&|z H e
MARLY WANND CHALK = dom, 11th, - AT TANND CHALK = dom, Tith,
Intensely burrowed, burrows filled 1] Sél Numerous burrows & bioturbation;
with ol. grm.-blk. sed.; some zo0- | type of burrow difficult to
A phycus, composite types common hg | distinguish due to coring dis-
w|ea|™ from Sect. 3, 100 cms down. . turbances,
=l = 1 =| £ 1 |
=|= 1t
] §|
raded unit: | FORAM HANKO CHALK
MARLY NANND CHALK |
) 55: 1-21 cm
w
5 §5: 3-14 cm i1l E0%  nannos
& Ag I5-40%  clay = 40 clay
32 25-30  nannos Ag i 2 carb. unspec,
=12 a 15 quartz | 1 forams
=18 8  forams 2 | tr- 1 pyrite
5 |.: 5 carb, unspec, | tr-1 quartz
£ 15 3 glauc, B feldspar
o b 2 feldspar I tr glauc.
= _b; 1 mica | tr d:atoms
Wi 1 pyrite tr  mica
g £ § '§ : tr wvol. glass
£ | E| 8|0 § I
g8 GLAUCONITIC SANDY MUD HHES i
3 3 Glauc. foram sd. = 5|3 1
3 5 e with internal ss: 3-8 o A ME: B FORNM: BANNG! ALK,
s fte. 5
§ lam. & pyrite %g; g!laun:. 5 % _E : $5: 1-28 om
B clay 2 I
20 quartz w 5 § 1 30%  nannos
1 15 forams g 1: | 1R 30 forams
10 nannos 8 |5 g 30 pyrite
3 carb. unspec. ER AR | 5 carb. unspec,
Ag 2 feldspar w | 2] & 1 tr- 3 feldspar
? pyrite =% A I 2 glaue,
4 1 mica — | & . | tr fish debris
tr heavy mins. cgg |
2
8 L
MARLY NANNO CHALK = FORAM NANNO CHALK
A !
|ha cC 55: 4-75 em I 55: 1-94 cm
40-50%  nannos | 401 forams
40-45 clay Ag ! 30 nannos
tr- 5 forams 1 I 21 clay
5  carb, unspec. 5 I 5  carb. unspec.
2 quartz | 2 gua
tr  feldspar | 1 glauc,
tr vol. glass 1 pyrite
tr glauc. ! tr  feldspar
xlli!] {cc) (ibandant) ! | tr  mica
calcite abundan ' tr diatoms
quartz [ common } hg c cg
feldspar
dolomite
kolinite | (rare)
chlorite
CaCo,%
CARE, BOMB:  Sect, 3-56 to 58 cms 55
COLOR LEGEND
COLOR LEGEND 7 = grn. gy, 56 6/1
1= grm. gy. 5GY 6/1 2= 1t, bl. gy. 5B 7/1

Explanatory notes in Chapter 1

L6t A.LIS
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SITE 397 HOLE

RE 66

CORED INTERVAL:

626.5-636 m

FOSSIL
iy !iCH ARACTER

21

-
£
g

AGE

NANNOS

SECTION
METERS

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION

Ca

N16 (il5Reing)| FORAMS

KNG

Cm|

73

Fm. 3

ancetaanate

[N R

LATE MIOCEKE (Tortondan)

Diaooaater hamatus

Globorotalia merotumida /G.

Frd

...._.-—__.-u__.._...____“.....-...____._._.__

T ] Slump 2.

xav

-« Be0chem.
amp.,

Ik 2

€Tl

FRACY WARWO CHALE = dom. Tith,

Burrows, some chondrites other-
wise burrow type difficult to
distinguish due to coring dis-
turbances; regular & {rreqular
lam. in areas noted, 1-3 mm
thick with sharp contacts, dk.
y. to 1t, ay.; one 1t. gy,

am, has \rn‘%r mat'l. [see below,
55: 3-31 cm).

MARLY NANNQ CHALK

55: 1-9 em, 2-73 em

60%  nannos
35-40 clay
1- 3 forams
2 carb. unspec.
tr dolomite
tr quartz
tr  feldspar (5S:
1-9 cm)
tr mica
tr glaue. (55: 2-

tr pyrite
tr diatom (55:

PYRITIC FORAM QUARTZ SAND

55: 3-47 cm

40% quartz
25 pyrite
20 forams

glauc.
tr- 5 feldspar (well
rounded)
tr- 5 mica
tr clay
tr nannos
tr dolomite

HANND CHALK

$5: 3-31 cm
75%  nannos
10 clay
7 forams
5 carb. unspec,
3 vol, glass
tr quartz
tr feldspar
L~ mica

COLOR LEGEND

1=gm. gy, 56 6/1
2= 1t. bl, gy, 587/

SANDY MARLY FORAM NANNO CHALK

SITE_ 397 HOLE [ CORED INTERVAL: 636-645.5 m
FOSSIL
CHARACTER] =
o| 2 | erarHic
H 2 § §§ =| B | urHoLosy LITHOLOGIC DESCRIPTION
< 2 =
HEHL HEE
2 2| S
= KAMND CHALK = dom. 1ith.
= | Burrows throughout, both
£ | cosposite & chondrites.
o =1
=y
2 'ﬂ NANND CHALK
ol 2 = 55: 1-19 om
E z E = 60-70%  nannos
= 15| = 41 Graded sand Tayer with 10-20  clay
g 18|% = sharp L. contact, U. 7 forams
s |2|% ) 23|=—contact disturbed by 5  carb, unspec,
Els § Cm = drilling but appears 5 qua
w 8] 8 : to be burrowed. 5 pyrite
£ - E L tr feldspar
s |= il
= 15| [reqnofhed 3
s |2
3[4
B

55: -3 em

30%  nannos
25-30 clay

20 forams

15 quartz

5 carb. unspec,
tr- 1 glauc.

tr feldspar

tr mica

tr  vol, glass

tr  pyrite

Explanatory notes in Chapter 1

L6E HLIS
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SITE 397 HOLE CORE 68 CORED INTERVAL: 645.5-655 m SITE 357 HOLE CORE 69 CORED |

L6E ALIS

£55-664.5 m
zone[ FOSSIL - zong|  FOSSIL
CHARACTE zl - o CHARACTE g
S| | erarHic s ) £ | erapHIC
- - -—
2 g i'l] E LITHOLO GY é:: LITHOLOGIC DESCRIPTION s ; i i : 5 E LITHOLO GY LITHOLOGIC DESCRIPTION
o« -
HEEN E2 HEHEEHBER
B = HEIGME
18! ump ._'__lncnrponnl.es a B cm thich MARLY NANND CHALE
v zone of apparently 55 1-T cm
“undisturbed" hor. lam. 655  nannos
CiH Ag 35-40  clay
i 2 forams
2 1 MARLY NANNO CHALK 1 182 2 card. umipec,
pyri
55: 1- t t
s 1418 cm f Types of Deformation: I.: ?:?5;;‘-,.-
L, Slump Z, 60%  nannos | tr  mica
AAVIT 31 clay I B b Hatins
5  forams ] -4 Sect. 1-103 to
=" |l I 3 carb, unspec. | 107 ems. No
5|8l 2 ) I 1 uartz G | disruption of
E |a|’, 9 \ tr fatoms &= individual lam,
3|83 a 142 tr feldspar
R ELR: 2| 7 | tr  mica 2 ! NANND CHALK
AN . | tr  glauc., wle I §5: 2-38 cn
w |al= =3 tr pyrite =I=|= | 75% nannos
& 14§ | ! 'E K] b 10 forams
g (3|3 | 1 —Beochen, 1 7 clay
= g § | amp. £15 ' 5  carb, unspec,
B & I 3 vol. glass
po|E] 3 s = B R I Sect. 3-3 to 9
s [ 3 1 HH 3 Generally a zone of numerous — 18l s 1 =35 o, tr  dolomite
o |l i i ]Siuw Z.ecmall folds with intercalated w |8 E ! | tr qure
= KavIn "undisturbed” hor, lam. =1 | tr SLISEPAr
1 S |l tr pyrite
3 | ER RN 3 L
HANND CHALK wo | B8 1
! £ |83 I MARLY NANND CHALK & NAHNO CHALK = dom, 1ith,
| ss: 3-71 em B | 18z Gen. a sequence of burrows & lam,; lam, are
I 141 60%  nanno: 3 | 1 1-4 mm thick, wht., 1t. gy., 9y., grn. gy.;
g ! 26 ¥ i | Tam, decrease below Sect. 3-890 cms,
& &= 1 10 forams 1
g~ C
ol i C 3 carb, unspec. \ MARLY MAKND CHALK-NANNO CHALK
1 quartz Am] 55: 3-B4 cm
tr mica é 55%  nannos
tr diatoms 35-40 clay
I 3 forams
MARLY NANNO CHALK = dom, 1ith. ! 2 carb. unspec,
Numerous burrows, type fn- 1 1 quartz
distinguishable; numerous | 1 pyrite
2-5 mm thick lam, disrupted | tr dolomite
by burrowing, some sdy., Cg Sect, 4-1277 tr mica
occ. pyrite-rich sed, in e —— ! to 130 cms, tr glauc.
burrows, rare pyritohedrons. i S e S 1 — tr diatoms
A ) e — L/ 55: 4-18 cm
MARLY NANNO CHALK B5Y  nannos
5 carb, unspec.
§5: 3-141 em t ; ;1“
r- orams
52’ fanngs tr  dolomite
32 ?o::m tr  quartz
2 carb. unspec. :: 'ﬁ}:gsp&r
1 quartz tr heavy mins
tr  dolomite {a;aﬂ te)
tr  mica tr diatoms
tr pyrite Cali,%
CaC0,x 3
CARS. BOMEE  Sect. 3.80 to @3 e CARB. BOMB: Sect. 3-58 to 60 cms 52
sy | R to. 40 ces COLOR LEGEND
COLOR LEGEND 1=gm. gy. 56 6/1
1= grn, %y. 56 6/1 2= 1t. bl, gv. 5B 7/1
2= 1t. bl. ay. 587/ 3= 1t, ay. 5Y 6/1

Explanatory notes in Chapter 1
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SITE_337 HOLE CORE 70 CORED INTERVAL: 664.5-674 m SITE 357 HOLE CORE 71 CORED INTERVAL: 674-683.5 m
'I FOSSIL .
TOMElen aractex i z v
F] o| & | srarHIC 5 it gfg G| | GRAPHIC |odiz=
- “ - - — L
2 ; § E a E LITHOLO GY = ;“g: LITHOLOGIC DESCRIPTION s g 5 § b E LITHOLO GY B E'.J LITHOLOGIC DESCRIPTION
2|z HEE a2z = . aaT
. 2 v i S 4
P B HEIHP S
T
g STump Z. MARLY NAMNO CHALK 14z WL\'S;?-N;WIS;“LK
[ KXTX Sd. layer *nox nnn:c\gs
Fa N % $S: 1-50 cm |} with sharp 30 clay
N I 55%  mnannos . 1 cpntacts. 15 quartz
' E 40 clay = 4 em zone wi th 10 carb, unspec.
= 3 uram gz ?;!rg::rp con 37 foraks
' 2 carb. unspec. - tr micay pyrite
= - T Slump Z. tr quartz ? A ““5 between B
» - L 'I _{_ AKX tr mica “ FORAM NANNGO CHALY.
E lers abd H tr vol. glass “l; J—— $5: 3-76 en
t . g R=RaL tr pyrite of mudstane. Brn. gy., sdy. layer,)
2 |58 ! L L Sand layer non-graded, sharp
= | 2|2 [t v Fa i c“ sd. at contacts although
w |8l =il 9 appears to be dis-
wlels 2 | Includes some 2 base with turbed by drilling
|8 % i “boudinage" rounded ’
T |8 b a2 type struc, = frags. of 25% nannos
w sl = ! e mudstone & 25 forams
= a . = ! = Ls., also 24 quartz
=+ L : T ] numercus shell 20 clay
L FORAM NANNO CHALK = dom. 1ith. = s - fregs. 5 carb. unspec.
= + = |2 ] 1 heavy mins,
e ] Numerous lam, agafn (see des- w | = 7] (magnetite
Fl o W1 cription. C.69); burrmdn? in g | e P . mugﬂ .
- 1 | Sect, 3 disrupts lam.; s1ig £l “ — e i
n o i fn]ding. faulting & sed. de- a8 3 L
A 3 — = | form, throughout Sect, 2. el IF 3 . 76
il — r =
o Fpl mal  [6G ! } 3 § MARLY NANNO CHALK
=] § 1832 Burrowed & finely lam. in gen.,
FORAM MANNO CHALK = |5 lam, disrupted by burrowing,
o ;:’ with vague contacts; some
§5: 2-108 em a | burrows with halos.
60-70%  nannos i Fo
15 forams FORAM NANNO CHALK
10-15  clay i ] $5: 473 ¢n
S'Tg qua]]':x o] Dk. gy., sd. layer,
t W:b a non-graded, sharp
r carb, unspec. contact, U, contact
COLOR LEGEND disturbed, S5 ana-
e Tysis indicates comp.
1=grn. ?y 56 611 & amts. of constitu-
&= 1t. bl. ay. 5B 7N ents fdent, to those
5 = noted above for SS:
Explanatory notes in Chapter 1 s - 3-76 em.
5 ]
— MARLY MANNO CHALK
Rg - 55: 4-55 cm
ccl - 40-50% nannos
40-50 clay
2 carb, unspec,
1 forams

tr dol., qtz.,
mica, pyrite,

Ok, gy. sd.

layers, thinly

Tam, , disturbed £0ROR L EGEND

by coring, 1= grn. gy. 5G 6/1
2= 1t. bl, gy. 58771
z =1t gy, 5Y /1
4 =gy, 5Y 501
s = dk. gy. 5Y 4/1

L6E LIS
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SITE_ 3% HOLE CORE 72 CORED INTERVAL: 683.5-693 m SITE 357 HOLE cORe 13 CORED INTERVAL: 693-702.5 m
FOSSIL FOSSIL
ZONE - ZONE
CHARACTER[ | Yy CHARACTER| =l
Al ] -] w o
i g‘g G| | erapHIC |palzals F] 5| 2| craemic 5
° ; § E 3 = E LITHOLO GY S LITHOLOGIC DESCRIPTION s u!. 3 3 < § = LITHOLO GY :_,._3. LITHOLOGIC DESCRIPTION
« =z H B o < = - 2 2 o
HEEEHBE ceE2 HEEHERE =
HEIH PR i el HEILNE @
MARLY NANND CHALK = dom. 1ith. ] MANHD CHALK = dom, 1ith,
Burrows, predom, composite type often with halos, size varies = 1 Gen, num, burrows, frequently with
from 1 mm to 1 cm (measured along minor axis of their oval - 1 1 halos (1.5 cm & lam. for one), often
cq shape}. S 2 2 o, | filled with pyrite-rich sed,
HE 1 80| Sd. lense, 6 m thick, LY A0 Lk Eled [4] |7 ' .,
appears disturbed, non- ' 2
graded. ! g'?” ;::Ds 5 : Eg g:'tg:;:frsafé. EORAR.THALK
‘ . orams & = ' Fe oxides and 55: 1-48 om
| Shirp contaces, aon tr carb. unspec., qtz. = 5[ =N TN
g‘_ag‘:d ' mica, glauc., pyrite g g " = rnded. grains ;g’ g;:ims
MARLY FORAM NANNO CHALK = - o— ! 4 || inieleymints, 20 quartz
Slump 7, XAXI: $5: 2-95 cm 2 & 1! 15  nannos
lca [Base of this Graded sdy. layer, some 2 8 s [ e e e x 5 carb, unspec,
T 2 slump 2. indef. internal strat,, L. con- & . 3| P ! s 4 pyrite
o (somewhere be- tac; sharp, U. contact : 8 i -' tr  glauc.
tween O & 70 em grad. N L Sdy. silt
) in Sect, 3) due 30% nannos E § m-= e ) ﬂ:{kgr g_y:.
{ - ;u smaller-scale gg ﬁ]:rams = a :'ﬁ I [2.5cm thick,
— eform, features clay N i = 5
- 4 & intﬁr-beddag 5 carb, unspec. Y E [ e : | VOLCANIC ASH
N burrowed sed, guartz - 4
9 - ? tr mica, glauc,, pyrite, E ?Cm—  ——— _._;Sdn;‘.t:::turhaled, 55: 1-93, M cms
] 40 : T == -
o < Dl st CALCAREOUS QUARTZ SANDY MUD H S o e 011 ;;:;tg‘“‘
3 T em high: 55: 2-138 tm | 2 diatoms
g &85 Disrupted sd. layer on 5d, and silt (pyritized in
3 left - sd, layer on right E Hg 2 v -
- Brn. mvud: == layers, <5mm 5: 1-94 cnm)
= | o Brn. mudstone is a blk, sd 5 )
5 : sed. clast. bl ) '{ thick. tr nannos (55:
= 5 2| | 30 clay A o e
3 2 ‘ 25 quartz " ]nraus g i
e E Cg-| b 10 forams tr C;E: cznspec
& : 3 Burrowed segment, 5 carb. unspec, 7l i
£ zoophycus parti- 1 dolomite {851 15, <Al
w ?: 4—“1“7’ in U. 1 qlauc. tr dolomite (55:
8 8 4 part, sed. with tr feldspar, mica, pyrite, 1-%:cm)
=3 8 9 wht, carb. grains, heavy mins. (magnetite,
! A - tour, )
= - NANNO CHALK
a QUARTZ FORAM SAND
= s 3-85 to 4-20 cms §5: 1125
Graded sd. unit, appears to have B fir
g 4 graded units, contains numerous| 63% nannos
Cmd L5 sed. clasts including large blk, 20 clay
mudstone clast (120 cm) cse. 15 forams
5 fract, has ech, tests; broken 2 quartz
81 worm tubes; bryozoan frags.; tr  vol. glass
forams; broken pelecy. shells; tr  pyrite
shallow-water benthonic foram tr diaton
tests; rnded. pol. wht. & pink (pyritized)
qtz. grains; glauc,; some pyrite,
Am
CaCl,%
1
8 R o
Cm} CARB, BOMZ:  Sect. 3-55 to 57 oms 50
Sect. 4-62 to 64 cms 26
o &
= COLOR LEGEND
1= 1t. agy. 5Y 6/1 COLOR LEGEND
2= ol. gy. 5Y 5/2 1 =0l 5Y 4/4
tad 3 = dk. gy. 5Y 4/1 2= 1t bl. gv. 5B 7/1
7 ¢ = very dk. gy. 5Y 3/1 & = grn. blk, 56 2/1
&= 1t. gy. 7.5YR 7/0 ¢ = grn, g{ 5 6/1
hg ¢ = dk. gy. brn, 2,5Y 4/2 & = med. bl. gy. 58 5/1

Explanatory notes in Chapter 1

L6E ALIS



LTI

75 CORED INTERVAL:

712-721.5 m

AGE
FORAMS
NANNOS

SECTION
LITHOLOGIC
SamoLe

LITHOLOGIC DESCRIFTION

SITE 137 HOLE CORe 74 702.5-712 m
FOSSIL
IONE
CHARACTER]| . gu
i -
o2 § 3 i -] 2| & ;03.. LITHOLOGIC DESCRIPTION
< HEIH Ul w ' Dal
o w| = el
HEFEHBE e
2 Z|aled ind Zond
1 NANND CHALK = dom, Tith,
Humerous burrows, some Teichichnus(?),
other burrows up to 2 cm in size, often
FinJ f11led with organic or pyritic mat'],
Upper 2 cm of this portion beneath the
T |2 sd. bed {s a dker, grn. Sed. clast is
2 = & @ cse. sd. MNumerous faint lam. strong
.-'E = < 1 calc. cement. in foram chambers.
gl lE
= [ =
‘.3. {P CALCAREOUS QUARTZ SAND
E :q 55: 1-lecm
=1 3 | Fm] 2.5 cm thick, well fndurated,
= |~ @ ungraded, dk. gy.
w | =] 2 . g quartz
g % 30 nannos
Fim ~
= lan] 20 ccarb. unspec.
i 10 cclay
7 tr  forams
Cally corgz
] LECO:  Sect. 2-76 cms 63 0.1
CARB, BOMB:  Sect. 1-70 to 72 cms 62
COLOR LEGEND
T = 1t. bl, gy. 58 7/1
2 = grh. gy. 56 511

{[bedl] SERUEFONALY |

E

kugleri NN

n

MIDOLE MIOCENE (Serravallian)

Disooaster exilia WM

Explanatory notes in Chapter 1

|=——31.5 cm thick, ungraded 55: 1-38 cm
burrowed, forams and
' 50T nannos
nannos rexllized. 5 quartz
751 carb, unspec, 15 clay
10 forams 10 zeolite(?)
10 quartz 5 forams
5 nannos 5 carb. unspec.|
5 carb. rhombs
21,5 em thick, ungraded tr pyrite
sandstone-siltstone,
burrowed similar to
appearance to above unit;
nanna chalk ~5 cm separ-
ates both clastic units.
11.5 cm thick, ungraded
sandstone dker, in coalor,
ungraded.
CALCAREOUS SANDSTONE-SILTSTONE
15 cm thick, some evi-
dence of micro-x lam,;
nannos & forams rex]lized.
BO¥ carb, unspec.
15 quartz
3 oo ARD (1-88-91 cm): altered ash
tr nannos ~Sa=31 cmj = er
fR-amorph. (abund.J
calcite
phillipsite  (common)

NANHD CRALE = dom, T1th.
Nllnernu§ burrows, often with halos (one is up to 0.5 cm
in dia.}.

CALC, CEMENT. SANDSTONE-SILTSTONE NANNO CHALK

NOTE: Marked increase in induration
of chalks from C.74-376, now
they will be specified as
Timestones [Lsg.

Ca00y%  Co ot

LECO:  Sect, 2-51 cms 67 0.2
COLOR LEGEND

7= 1t. bl. gy. 58711
2= grn. gy. 56 6/1

L6E ALIS



8Cl

1= 1t b, gy. 5871
2 = med, bl, gy. 58 5/1

SITE3S57  HOLE CORE 76 721.5-731 m HOLE NTERVAL: 731-740.5 m
IONE FOSSIL .
CHARACTER O
m—g g v 5 o z| e
4 B
§ - § t < g R LITHOLOGIC DESCRIPTION s lz| 8 g cl g E..g.._ LITHOLOGIC DESCRIPTION
< z =[5
3:5_2; a'= 2 z|e ol ® 3273
2| Z|d|& el z i
[An] f =——mMNusmerous fn. Tam., some micro-x lam. Tam., ol.-gm, sd,, WANNO LIMESTONE = dom, T1th,
! la———Distinct sd,-silt lam. l=—burrowed in U. part. Gen. numerous thin sd. & silt
! 5d. filled feat, resembling burrows, but prob. 1ith. Possibly graded layers in a burrowed sed.
np /4 I [ clastic dikes or frac. ﬁ'l'linqs: -._\d{sturbed by bio- {composite, zoophycus type
1 -.\Lm rn.-gy. sd., U, part reworked with burrows, may L turbation, sdy., burrows), numerous vague lam,
1 v ST —0Ye B0y B, P b silty. (diagenetic fronts?) & halos
| 1 be s1ightly graded. Lt. colored, clayey around burrows; burrows often
" 2 s11t lam., one 1s disturbed, ?g siity s, Rivroued F:1leg nlt? 5:1 {one ha}o
m 1 - o * ring 2 cm in dia. around a
Si1t lam., 5Y 5/4 al.-grn., slightly disrupted by x
| hu:':u\-'rtng‘ 1L gri. . g E g ?l‘gh:ly g:::glzz_. 3 x 6 mm burrow, 2-110 em).
! 81k., burrowed sd 3=z = dr e
. | 80k, . =|4 large composite
B o = 01.-grn. 5Y 5/4 chunks of silty sd., disturbed & = o andny HANKO LIMESTONE
o wl - =—_  broken by drilling, =z 2 | y i T 55: 1-48 cm
E = 2 . ! :\Inter\ral with numerous fn. lam,, contains 2 distinct = _t _._gl:‘gh:dy g;:.;tu;-buéd 32“ n?nnos
s S a | i silt lam,, ol.-grn, throughout, § e B i Sl . H ;ﬂ:-:ms
5 -‘;1 ] = B1k. sd.-filled frac., not a drilling disturbance. z |2 g - 10 quartz
el o . Dk. blk, sd., ungraded, L, contact v. sharp with w ° - 2 feldspar
HEE ] ! erosional feat, =] 3
&= E - I 01.-grn. sd., U. part burrowed. = V. fn.-grained sd./
= L 4 ! Bk, sd., sharp L. contact, U. part burrowed. L] S5 T, hurm:m' VDLE?EEE%&%RUNSESNE
20 |® 3 : QUARTZ SANDSTONE: U, part burrowed, dk. gy, N-3 i e R e 24.5 cn thick, no
2 ] : N-3+H-4. Slight grading, carb. cem. ) -] burroved, o I
= al R - .
1= ALT. ASH (phi1lipsite}: U, part burrowed, o 90|=a—B1k. 5d. filled burrows §§: 2-135 cm
I - sharp basal contact. _—lﬁ_ with grnish, diagenetic ;g! vulE glass
[« i et h & mottl .5 carb. unspec.
1 1;3 5d., ungraded, contains claystone clasts. i - c;‘::,, ;:u: gﬂg,;: ! 20 forams
a | i Sp":c.-m':'.i\:ﬁma hataremorphus NNS edges, 10  quartz
Cm- 1 QUARTZ SANDSTONE 5  nannos
i ! 55: 3-115, 116 ¢em 55: 2-148 cm
Amd | CP ‘E[ 60% quirtz iﬂrtc) el ratidle 50% quartz
tr-40 nannos (high in clinopt {abundant) 20 forams
NANNO LIMESTONE 551 3-116 cm) feldepar  {comeon) 20 vol, glass
Numerous burrows (com- tr forams (S5: 3- Kaolinite 10 carb. unspec.
posite) some | cm wide, 116 em) ite {traces) tr  nannos
often sd, filled, many pyr
with halos; 1 echino- CALCAREOUS SANDSTONE
derm(?) burrow [Sect, . 3138
3-85 t0 90 cm) with $5: 3-138 cm NANNO FORAM LIMESTONE
chondrites burrows with 40% Fo::ms 01.-grn., some lam, near base,
hala sround it, U. part 23 Cara. Unspee. .
truc. by overlying 231 nannos S: 3-90 cm
quartz 35% forams
ARD (HCL residue, cc) 5 clay 25 carb. unspec,
clinop. {abund. ) 2 zeolite(?) nannos
quartze tr pyrite 10 quartz
feldspar (comman ) 10 clay
analcite tr  pyrite
calcite (traces) VOLCANIC ASH "PURPLE ASH"
Burrowed, gy. N-3-N-4,
XRD (4,27-29 cm)
amorph mat common’) 551 4-27 em
XRD (4,27-29 am) 100% frash glass
h. mat
e {omnori) CaClyr € %
zeolite (trace} CaC0% € LECO:: | Sact. 164 cas ) ‘E?ﬁ—
LECO:  Sect. 3-23 cms 55 0.2 CARB, BOMB: Sect., 2-51 tg 52 cms 79
COLOR LEGEND

COLOR LEGEND

= gm. gy. 56 5/1
= 1t. b1, gy, 5B 7271

1
2

Explanatory notes in Chapter 1
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S 7 _KOLE___ CORE 78 CORED INTERVAL: 740.5-750 o SiTE 397 HOLE CORE 79 CORED INTERVAL: 750-759.5 m
ZONE| yaRACTER wl zonE| FOSSIL s
MREE 83l CHARACTER gl=d,
- - O| = | GRAPHIC |pu|z=5 F G| 2 | GraPHIC =
E: § |8l [E] & | irworoey _;gg: LITHOLOGIC DESCRIPTION ALE é z g| [2] & | oharme 8. e e
HHEEHREE s2 NHEEHEHBHE 2533
gl 2|3 &/ = < ;| s
i o ™1 MARLY NANNO LIMESTOME = dom, 1ith 2| z|2|4]2 S5
_L 7 Numerous burrows (comp. zoophycus), often with halos, filled =
o L8 |, with a variety of sed. types, some large (0.5-0.7 cm wide): L2
numerous color changes. Clinop. filled farams. P 2
5d. layer, MUDS TONE FORAM LIMESTONE F (4 Graded, wht.
| £ 1.5 cm thick S5:  1-40, 132 oms (faly. lam., poss. a o ['P] Amg sandstone,
= disturbed, 60% clay winnowed foram sd, 2 Sed, clasts of fn
ungraded, 20 nannos originally) - B ] *
10 Forems & o b4 arain qtz. sandstone.
silt layer 5 quartz ‘15% forams
| dam. or 3 feldspor i quartz F Losay. silt layer.
] fissle at (55: 1-132 cm) 10 clay
base, 2 carb. unspec, 2 nannos
- Disturbed sd. tr pyrite £ pyrite ! NAHNG‘HJE;STE:IEI & U, 1/2 Sect. 2
1 ungraded, funm LIMESTONE MARLY NANNO LIMESTONE RESRGRL L S
e |8 graded, burrowed at Lt. grn, ay., dkr, at
= |8 5d., T em top, lam. at base, base, may be's]]ght]y e =1 Poorly so. cse.-grned, calc.-cem,
e (2|3 thick, lan,, §5: 3-23 cm graded, numerous foram = 3 voleaniclastic mud
5|55 ungraded, 553 forams tests filled with carb 2 ;-
= E. i 1 15 carb, unspec. ("wht, specks"). ] Thin (1 rmm wide)
H 5 [y, tlaE, 15 clay 55: 3-24 cm 5 calc. vein,
il B8 quartz 50% nannos = 5
2lile sdv: 8 ¢l 5 nannos 35-40 clay w e
£ |2 0 o STRYEY 2 feldspar 5 qtz. ] & A last si
w 9] % am, at base, U, tr pyrite 2 carb, unspee =] 3 4 Approx. avar, clast size
EREIEL" gart. burroned. 1 pyrite . E £ a3 23 m
EN 2!6‘ n- Graded sd. layer, tr mica; vol. " o a !
ol & sharp L, contact, qlass; glauc. = § 1
-g grad. U. contact. g 3 | CONGLOVERATE = dom, 1{th.
% poorly-so. mixture o
-ﬁ: CALCAREOUS STLTSTONE i ! angular and sub-angular
5 V. dk, gy, sequence Dk. gy., no grading, L. L LS clasts and vol. rx.
g:-l;] mggo @), ;b:ve sontact s 1 gsee shin-ssction dita
Fin- up clasts of gy, & wit, 75% carb. unspec. 5 | Tor. 4::;.;.“3: 4 ::s!s‘-
2 i1 sandstone & many specks 10 clay 39 ! 92 to 93 ems & CC),
-, of carb, filled forams. 8 quartz ! 50% of clasts with orn
Am- o 5 forams ' N
3 teldepar Iy | to orn, cm%act. the
Mudstone debris flows intercal. with : 2 ® remainder floating in
LS layers. Debris flow matrix con- tr nanms; pyrita Fp  am e Bit. o dk. gy, montmor{llonite
tains cse,, rnded,, frosted, pitted largest :“Iast size: 3,5
gtz, grains, worm tube frags. & 1 Flow, ¥-1 extends from 79-2-90 cm "-"‘15 6 em; 1 internal
Melvin* (see 5S: 1-40, 132 cms for t. gy. to 80-1-110 om. mold of a gastroped 1n
comp, descript.). Debris flow clasts thin lam, Sect. 4-26 cms,
of nanno marly mudstone & foram LS. l blk. CaCo.%
Class either undeform. or plastic, ﬁ clast 3
deform. See diagram: ———————= i CARE, BOMB:  Sect, 2-31 to 34 cns 30
Plastic  Undef. COLOR LEGEND
Deform,  Clast 1 =dk. grn, brn. 2.5V 4/2
2= med, bl, gy. 56 5/1
7= dk, gy, 2.5Y 4/0
CaCoy%
CARE. BOMB:  Sect. 1-121 to 122 cms &9
3-72 to 73 cms &N
82 to 83 cms 44
118 to 120 cms an
COLOR LEGEND
1 = med. bl. gy. 5B 5/1
*Melvin = carb. grain 1 x 0.7 cm, 2=1t. b1, gy. 5B7/1
with concentric layers (oncolite?) & = grn. gy. 56 6/1

Explanatory notes in Chapter 1
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SITE 357  HOLE CORE 80  CORED INTERVAL: 758.5-769 m SITE397 HOLE coRre 81  corep : 769-778.5 m
FOSSIL FOSSIL
E
Fon CHARACTER = v FOm CH&!ACTH = o] = A
w 3 2lal |2 2 LITHOLOGIC DESCRIPTION w - g 2[a| 18] £ | oraruic ifz=s LITHOLOGIC DESCRIPTION
o |2 8| <|g| |E Oul o |2|8|Z<|le| |5| & | umHoLoGY [EajuriOu
2% 2l5=2 o Ba S 1= 8l==|28 G| & 2025
2 z|2|elz| |& 73 HEEE g = EEER
HEIFEEIRE =l =1 2 HEE Ea
FEIFEIME: =3 |l Z| & a2 A s
°=";7| Flow, V-1 cont. {see description for C. 79). & "d 1-5 - frags. of dk. gy. (2.5Y 4/0).
% Wo apparent grading, aver, £ & Flow, V-2 extends from 0-20 cm.
ké clast sfze similar to U, § fomq g 41 Frags, of VOLCANICLASTIC SANDSTONE
£ . part of egl. in C.79-3. i dk. b1, ay. [see thin sect. data, Sect,
g . 3 ¥ 1-1 to 5 cms)
i MARLY QUARTZ FORAM SANDSTONE z 5
; Ly =—Carb. matrix = 5 hdditional frags,
4 |e . (108-112 cms) 55: 2-105 em 5 of volcaniclastics
P No data, sed, too hd, = £ sandstone. MUDSTONE
£l L to make 55, Contains o 8
s fp| Ao 2 numerous wht, specks S |= )
= of carb. filled foram =] H
g — tests. = - 55: 1-41 cm
= e l=—>5ed, clast hers Dk. gy. mudstone a B 1N carb. unspec.
-3 b 2 Brn. mudstone 8 f: 10 quartz
‘8* = i Tz = E  pyrite
= za 105! Intercalated lam, & layers of claystone & mudstone, } ;?;:::s
= H tr feldspar
a & Z. of deform,, primarily tr  mica
= - e 2 claystone & mudstone tr  heavy mins,
B = layers pulled apart with {magnetite}
§ Ly sandstone between,
& 2 L st oeix,  MARLY DUARTZ FORAM SANDSTONE
__53 Numerous wht. specks of SITE 397 HOLE CORE 82 CORED INTERVAL: 778.5-788 m
5 2 Mass, dkr, colored carb.-filled foram tests FOSSIL N
] - sandstane. at Sect, 3-86 to 98 cms. ZONE| o ARACTER o s
@ z|Swd
i w § Eln| (S| £ | orapHIC loafzxl LITHOLOGIC DESCRIPTION
) Distinct Z, of stretched mud & o2 § Zlg| |G| & |vrnoloey|zaly §3
Rpd emq lec clay clasts almost flow- 2=z § ] HEE oalZ:
banding texture; 4 cms thick; ° < s Slass
1t. colored clasts in dk. gy, Zla|ld
matrix. J
1 NO CORE RECOVERED
- 0.5
Humerous thin wht, lam., 1-2 =] 7
m thick in dkr. mudstone; E \ B
some lam, have suggestion of —_— z 0]
x-bedding, others suggest = 1.0
disruption of lam, & gravi- T a
taticnal settling of small 3
clasts into underlying lam.
MARLY QUARTZ FORAM SAND = dom. 11th.
COLOR LEGEND
1 = dk, ay. 2.5Y &4/0
2 =med. bl. ay. 58 5/1
Z = v, dk. grn. brn, 2.5Y 3f2

Explanatory notes in Chapter 1
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SITE 357 HOLE CORE 83  CORED INTERVAL: 788-797.5 m SITE 397 HOLE CORE 84 CORED INTERVAL: 797.5-807 m
F FLL
FOSSIL E FOSSIL
lﬂﬂicugllc'r(! % 53" ION CHARACTER . > .
1) e Z| - w e =
0| £ | GRaPHIC 5 F] O = | GrAPHIC lhaiz%5
Wolal v Zlw =l w Ol LITHOLOGIC DESCRIPTION - g w =l w 2 LITHOLOGIC DESCRIPTION
° %8 § 218| |G| & |vworosyEatrae ©|2| 8|5/ £|2| |5| & |uHorosy 2
2 z|2|elz| |&| = Gaz3| HEIEE] al = Gaizs
<| = ity = <| ; e v
HEIEE o e HEIEE I 2
T Ten. & grn.-gy. CALCAREQUS MUDSTONE sequence containing T SANDSTONE
%*ﬂ numercus sed, clasts, as noted below. & May be volcaniclastic (see below); numerous thin (1 =m
23 Rexillized shell (pelecypod?) frag. a i or <) lam, of wht. (siliceous?) mat'l.; 1 em thick Z.
2 £ |Fm — Mudstone* E 0.5 52 of cser. part, at 1, 14, 16-17 cm with grad, contacts,
=
75 rge clast of v, dk. gy, (2.5Y 3/0) siltstone, ) 1
. 85 $1tstone HE: ; MARLY NANND LIMESTONE MARLY LIMESTONE
~|als - Pumice ™ . zal 10
g |5 5 Siltstone with lam. & slump §5: 1-52 tm §5: 1-76 cm
= | .15 -—(Tastic L5.* struc,; clast has been 60T nannos 301 nannos
R B "o deformed plastically. 35 clay 30 clay
] g Cimep 1 Hudstone 5 quartz 15 sil. unspec.
= 3 g 1 * 3 carb. unspec. (chert?)
w |8 § Fm =—tudstones & S{ltstones 2 forams }g forams
- 1 wvol, glass quartz
§ ol i : —~3 c:gsts of siltstone with sTump features. % tr dol.; hica; 5 carb, unspec
= |42 —e—Muds tone _ 2 uc.; pyrite 2 heavy mins.
S| 8 < |ls E, qlaue.; pyrite,
w | 8| ——5iltstone with 21| 1 'f:‘nngnﬁtite]
2 || Bl o slump features. [ § 1 ‘C
2 5|2 " Luststmer HEL -— ] gae
§ = ;’ (.;? g CALCAREQUS SANDY MUDSTONE tr wol. glass
2 CALCAREQUS MUDSTONE u
2 g 5 1-106, 123 ems
55: 1-85 cm z |3 20-43% forams
25 carb uns w | B 2 40 cla
{partly s?“cfﬁed] = | §- 3 2-30 carb. unspec,
25  quartz (partly =2 - silicified?
chert?) = 5‘ [55: 106 cm)
25 clay 13-20 quartz
15 nannos Fn ‘g :h“‘ i
T forams tly silicifi g SAVYns,
3 (S {partly silicified) ’ imgn1etite}}
t 1 Fi 1 55: 123 cm,
T by on jcc 1 tr- 5 nannos
tr dol. (55: 123
Thin-section at Sect., cm); mica.
1-75 cms from
MARLY FORAM LIHESTONE In gen,.: increasing sand and S!Et component from
B8 to 116 ems; from 116 to 145 (base of unit)
708 calcite {1 r}ml uding rain-size rerains uniform, with nunerous thin
25 t?rams ——J;E mmgm;?m. ag dkeri m:t;l. l:(;ll %haru %:untacgs
o crumbly and poorly indurated; lower 1 cm o
3 qmrtz (including : o
chiTosdary tr) ::;;.d‘lst{nctiwly cser.-grained and well fndur
*=clast COLOR LEGEND VOLCANOCLASTIC SANDSTONE (altered hyaloclastite)
1 = dk. grn, gy. 5GY 4/1 = dom. 1ith. Upper 20 cm with numerous v. thin
(¢1mm) wht. lam., prob. secondary veinlats of
Explanatory notes in Chapter 1 zeolitic mat'l; base of unit is distinctively
cser.-grained; otherwise no struct. Abund.
montmor, Coomon: analcite.
Mixed volcanoclastic sandstone frag. and marly
LS with comp. burrows in CC sample.
Flow, V-1 extends from B84-1-145 cm to 83-3-140 em.
cm,
COLOR LEGEND
1= dk, grn. gy. 56 4/1
2 = blk, 2.5Y 2/0

L6E H.LIS
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SITE 397 HOLE CORE 85  CORED INTERVAL: 807-816.5 m SITE 397 HOLE cORE 86 CORED INTERVAL: 816.5-B26 m
5 SITE

F
2"

AMS|
B. FORAMS
INOS
SECTION
METERS

ANC

GRAPHIC
LITHOLOGY

GRAPHIC
LITHOLOGY

LITHOLOGIC DESCRIPTION LITHOLOGIC DESCRIPTION

AGE
NOS
SECTION
METERS
P
AGE

MpL

HRANAT

LITHOLOGIC
LT KOl?ml’
54

NAN
SA
FORAMS

L6E LIS

MARLY NAMNO LIMESTOME = dom. T1ith.

Humerous burrows (zoophycus, composite) often

with halos, filled with blk. mud, sd. or silt;

lower portion of core (below Sect. 1-80 cms})

- is an alt. irreqular (in thickness) sequence
of dk. & 1t. layers.

Blk. YOLCANICI E {altered HYALOCLASTITE

No struct. here except for suggestion of some lam. from
=—"20 to 24 cms; at 24 to 35 cms b1k, clay fillings suggest
05 internal molds of pelecy, shells,

?ar-—\ﬁrnish. gy. (56 6/1) mudstone at burrows; not clear if
this is a clast or an interlayer within sandstone; S5:

‘—l 1-75 cms fndicates this is a LS.
125 Mudstone clast. Mudstone

Contact between sandstones; Sand-
U. unft injected into L,  Stone
unit; L. part of U, sand-

stone contains many blk, Lower
small frags, in whtish. sand-
1 matrix forming “salt & stone
pepper” appearance; numer-
ous sed. clasts along U,
part of sandstone, fine

[

L]

Nelioopomtoophaera avpliaperta  NN3 | NANNOS

l=—19 cm thick, ol. grn, S5.

=——>5 cm thick dkr. SGY 4/1 mudstone with burrows.

11 cm thick, med. gy, (SB 7/1) gtz. 55 with

T calc, cement; broken & disturbed by drilling.
COLOR LEGEND
mg I =grn. gy. 56 51

2 = grn. gy. 56 6/1
3 = dk. grn. gy. 5G 411

barren

H”ﬂn« P et E:, lllfﬁ.fl Y

BID. MIOCENE (Lang.)

5

Tam. {see diagram).

Bl.-grn. mudstone - may be sed, clast or a layer
ithin sandstone; smaller clasts of mudstone
showing some plastic deform, or imbrication.

g% VOLCANICLASTIC MUSTORE

o6 55: 3-68 cms indicates gtz. & rock frags, in sil.
cement; thin-sect, of clasts at Sect, 3-62 to 66

cms are marly LS.

Lobigerinatella ineueta

H MARLY NANMO LIMESTONE QUARTZ CALCAREOUS SANDSTONE

5 55: 45 ¢em $5:_4-20 m
5 . %

|23 48‘] n1ann05 0% carb. unspec
30 cla 35 qtz. (well
20 carb, unspec. lq'nied{?!
10 quartz 15 forams (partly
tr mica; glauc.; filled with

pyrite; sil. pyrite)

unspec. tr  feldspar; mica

2 heavy mins.
{mag.).

CALCAREQUS SANDY MUDSTONE
50 S5: 5-50 cm

30% nannos

20 clay

25 forams

quartz

10 carb. unspec,

tr mica; heavy mins,
(mag.; tour.).

BLOaNUS =L

Helicopontosphaera anplicperta

MIDDLE MIOCENE (Langhian)

Globigeringides
=

fp

i et
w

Rp Ag

Chaotic breccia with numerous sed, clasts, many showing
deform. struc,, some slump feat. & folds in the breccia;
Thin Sec. (3-137 cm): Marly Timestone with foram. matrix indicates flowage & folding around clasts; L. part
chamber fi114ngs of analcite, opal-CT and X-R amor- with burrows,

clco3s

phous phyllosilicates.
CARE. BOMB: Sect, 3-140 to 142 cms = 58
COLOR_LEGEKD

7 = blk. 2.5Y 6/0
2 = med. bl. gy. 58 5/1

Explanatory notes in Chapter |
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SITE 397 HOLE o l:01!E 7 CORED INTERVAL: gog gas 5 o SITE 397 HOLE cORE B8  CORED INTERVAL: 835.5-845 m
FOSSIL
IONE - FOSsSiL
cmlugul:r:_l2 . e ZONElcw anacter = oz,
O| = | GRAPHIC ] F = Zlem s
o2 28| [E| & | Livolooy Ealezion LITHOLOGIC DESCRIPTION = (] ol 3[3[5] (2] & | craruc 8. LITHOLOGIC DESCRIPTION
< ; S - u ; U =7 2 - g : g 5| & | vTHOLOGY =02y
z 2|z “ G TE =z ul = SalTE
< = . H i
2::55 r i 2==‘; 2lanEa
MARLY MANNO LIMESTONE = dom. 1ith. . o tz. sd., wht. to gy., some grading, rip-up clasts at
é Contains numerous burrows (zoophycus, composite); and many -|= i base of unit are a qr;n mudstone r'e;enbging underlying
layers of dker. & lter, color changes. [ mat'l.
&6 BRECCIA-CONGLOMERATE = dom. lith.
1 1az MARLY NANMND: LINESTONE 3 Rnded, mudstones clasts, dk. ol. brn. (5V 4/3-5Y 3/1),
= 55: 1-66, 133 cms, I some plastic., deformed esp, those of Tter. grn., sizes
2| = |barrer — 45-50% nannos 2|2 to 6 cm, with suggestion of slight imbrication; also
n =11 40-43 clay 118 rugose coral frags., pelecypods to 4 cm as internal
133 5-15 carb, unspec. molds; matrix is MARLY LIMESTONE.
= - o Lt. 0y, tr- 2 quartz 55: 1-118
z - qtz. sd. tr forams; dol. (55: 1- ) "
= 133 cm); pyrite (5S: — 30% clay
= - - 1-66 o) sponge spic. 25  nannos
L] .E — {55: 1-133 cm) L 56| 28 2 15  forams
o — ] b 15 qtz. & feldspar
u & 2 == QUARTZ MARLY LIMESTONE § 2 3 15 o rslas
2 2 [re : ss: 1-111 en B .
= E- . L 40% clay & Cale. sandstone, with ~25% dip, containing numerous
= | fol 3 @ 25 qtz. & feldspar A E: mudstone 1am., siltstones & LS.
= ' hagl = 20 carb. unspec, =13 T
g % . e 15 forams = |58 Sdy.-clay layer $5: 2-56 cm
= § ¥ tr nannos; pyrite. ENEE (56Y 4/1) with 70% carb, unspec.
3 gt = | & E | lam, 10 nannos
SR = 1% 10 gtz & feldspar
3 iy CHAOTIC BRECCIA: contains many clasts of mudstones (1t. tan, w | 1 10 clay
= B dk. o], blk. 5Y 3/1, dk. ol. grn., 1t. grn. gy., brn.), clast & ; 3 2 pyrite
C] " 4 size 1 mm to »6 om; some clasts show plastic deformation; also § L tr  dolomite
= internal molds of pelecypods & coral frags.; clasts imbricated =
a ricate
roughly parallel to bedding (of upper lmﬂ:sj or deviate from u o fe Breccia-Cgl.; clasts of rnded. mudstones, brn.,
this up €0 10° all fn MARLY LIMESTONE matrix, whole comp, {5 2 |®|& ol. brn., 1t, grn., & ol. grn., with some
— as follows: S |= clasts having grn. coating over a brn. nucleus,
td Amg cCl £ 3| clast size to 11 cm with size increase down to
s 55: 2-144 cm k 2 |rp 4 to 20 cws, some clasts plastic. deformed;
45% clay * also solitary coral frags., pelecyped shell
25 qtz. & feldspar i frags., broken worm tubes, LS clasts, and a
15 carb. unspec. b " S?H‘ concen. of ~1 cm calc, shell frags, between
10 nannos 5 Sect. 3-40 to 50 cms.
5 forams w
tr wvol, glass; —Mudstane, numerous burrows.
rite; zeolite. 1
W 3 LS containing few small clasts.
cm »
i €, 4 Breccia-cql. as above, except with smaller clasts,
the largest clast is 2 cm; abund. small {<Smm)
CaC0gx Cora® shell frags.; matrix 15 a LIMESTONE,
LECO: Sect. 2- 26 cms 22 n.e 55: 4-57 om
CARB. BOMB: Sect, 1- 1 to 3 cms = 53 5
45 to 47 cms = 14 3
53 to 55 cms = 45 cark. sunsped:
76 to 78 cus = 32 %0 .chy
9 to Of ems = 32 15 forams
11 to 113 cms = 34 15 qtz. & feldspar
144 to 146 cms = 55 E: :i;“:!p}
2- 33 to 35cms = 24 ;
89 to 9] oms = 60
129 to 131 cms = 28
3-127 to 129 cms = 27 *Qtz, grains in 2 size fractions: 37-75u & 182-350.

COLOR LEGEND

COLOR LEGEND

1 = dk. grn. gy. 56 4/1 1 = dk. ay. 51 4/1
2=0l. gy, Y 472 2 = pale ol, 5Y 6/3
& = grn. gy. 5G 6/1 3 = ol 5Y 5/3
4 =dk, bl. gy. 5B 4N ¢ = 1t, grn, dy. 5GY 7/1

Explanatory notes in Chapter 1

L6t LIS
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SiTE 357 HOLE CORE 89 CORED INTERVAL: B45-854.5 m SITE 397 HOL: = CORE 90 CORED INTERVAL: B54.5-864 n
zong| FOSSIL x zone| FO ol
CHARACTER CHARACTER Bl
z| w o 2[.] 18] 2| crarmic |o2z53
wlwlwl 22| |S] & | crarHic ) LITHOLOGIC DESCRIPTION vl sl 3 %8l 2] B | Horooy Bal2lEy LITHOLOGIC DESCRIPTION
e || 82| 2|g| |G| & |umorosyEzgzs 2|z 8l2|=|28] |5 & 532
<|<| |28 g = —o52%% HEILIFERE ez
- 2; “ e HEIEI afonEs
E i L i i 24 ] i f th
o g Gen. a continuation of the Continuation of the B
£ BRECCIA-CONGLOMERATE = dom, 1ith, = 142 gRECCI;gW}&?‘%?TE dom. Tith,
2 182 described in C.88, Sect, 4. =|= escri n C.89,
E s i T L —Clast sfze increases down to Sect. 1-60 cm.
; 1 lw_Shell debris common. =2 E Clast? or autochthonous? SGY 8/1 LS with burrows.
= Poorly sorted matrix, =
2| = 1 = 'E';L ———Fever clasts; shell frags. common.
E
% MARLY MAKND LIMESTONE é ] l———Gas sample
& O Silty clay . == ]
%1 12 55: 2-12 em = < Numerous small clasts, MARLY DOLOMITE
- b - 61% nannos 2 § abund, large selitary (some lam. & burrows)
£ B |parren =z T 35 clay o ¥ coral frags, &
E‘ i 8 2 Grnish, “‘S“d’t 80 ’-“.I,}” 2 carb, unspec. > 8 I 7 benthonic forams, s5: 2-71 em
cms are smeared vertically 2 quartz 0% dolomite
3 3 E o over the entire interval; tr E,-Htg % = |Fm T & Base is sdy. 42 :‘l)ay
R B g may be due to dewatering, . 5  quartz
g |4 & H Breccia-cgl.; as previously tr pyrite
= q,‘ §_ MARLY LIMESTOME matrix. " ] --—-—-gt;sc;:'i:edg l;:;r\x is dk.
b= B = Fm e R || . . '
g ~§ = b . s5: 2-94 o g Cal0E €, .0t
b g Below ~110 cm, clast . b s
5 are predom, dk. brn. 583 carb. unspec. LECD: Sect. 2-51 cms 40 0.3
s s 0 e COLOR LEGEND
B0 2 quartz 1 = dk. grn, gy. 56Y 4/1
L tr  pyrite 2= dk. gy. 5Y 4/1
A 142 Z = grn. ay. 5GY 5/1
i . 91 = 73.5
ol A s LIMESTONE (faint lam.) SITE 357 HOLE CORE CORED INTERVAL: 854-873.5 m
o |5 4illg] zonE|] FOSSIL o
§5: 380 om CHARACTEN & ‘;' -
O] = =
Predon. dk, brn. clasts; 957 carb. unspec, = el g ? g al |2 & tﬁ:‘g_:g‘, z3l8 ) LITHOLOGIC DESCRIPTION
shell frags, common. 25 clay < |2 2|=|= g ol @ B
‘l% nannos MEIEIE z wl = =
quartz .
tr  dolomite 2 ; i€z
tr  pyrite - Continuation of the
Z BRECCIA-CONGLOMERATE = dom. 1ith,
CaChy% & i described at the base of C.90.
ChRE, BOMB:  Sect, 9-CC &7 E
' = " 1 —— frags.. € cms,)
COLOR LEGEND = E Numerous pelecypod shell frags., clasts up to 10 to 12 cms
1 = dk, arn. gy. 56Y 41 = {E- 1
2 = dk. gy. 5Y 471 = = \
3 = dk. gy. brn. 2.5Y 3/2 T 3
2l |
Tanat: tes in Chay 1 e £
Explanatory note: Chapter w § |-=—-FBecoming more sdy. & clayey.
=] 3
2 B R B COLOR LEGEND
= * 1 =dk. grn. ay, S6Y 441
& £
S

N7
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SITE 397 HOLE CORE 92 CORED INTERvAL: 873.5-B83 m SITE 397  HOLE core ¥ corep L: 883-892,5 m
FOSSIL FOSSIL
NE IONE
2Nl ARACTER e CHARACTER s
] 8| 2| crapHic |oikEls 22T 18] & | orapuic 3
o |2| 8|2/<[8| |E| &£ | urHoloey ZE[a0x KTHOLOGIC: DESCRIFTIHN o |2 § 2|3 8| |Z| £ | uwotooy 2218w, LITHOLOGIC DESCRIPTION
< z ] ul g 255 < o Ul =U5a
HEEEHRE S siss 555.9; al = S
2| z|d|s|2 = 2l zidla =
1 [+=shell hash  sanpy pEmBLY MUDSTONE = dop. 11th T Tontinuation of
\ Continuation of breccia-cql, SANDY PEBBLY MUDSTONE = dom. 1ith,
A described at base of C.91. described in C,92 here predom,
1 ! Breccia-cgl, here more a rnded, & subrnded, gqtz. granules;
1 . I pebbly sdy, mudstone or a i rare blk, gtzite, or chert granules
e ] sdy, pebbly mudstone. 5 T & tan mudstone; qtz. pebs. at B, of
=1 \ Fewer large clasts & numer- 10 core 1.5 x 2 cm,
= 1 | ous rnded,, clear qtz, gran- ]
i T —] ules & pebs. & shell frags. - Vo1D
2 -3 ] of pelecypods & gastropods - .
z - 3 {one gastropod nhole]until E Matrix:
i { 3 Mike Arthur broke it); some - o i
£ & - ' solitary corals; chert pebs, E k-l I CALCAREQUS SANDY MUDSTONE
= ?7 -] | increase in size & quantity EREE
2 P | E | down core, up to 2 o in dia. = -__‘} ] §5: 2-103 om
b g . . ! in sec. 4. E g 2 1 60% clay & chert
2 c -} ! = 5 15 quartz
=~ # "™ 3 | 1 B B l| 03 10 nannos
w g ] =] Matrix: = g 10 forams
& ?L 7] I CALCAREOUS SANDY MUDSTONE = = 4 5 pyrite
s & I 38 355 = 3 4 tr  dolomite
b= 2 1 | 5 tod-e3 om =] © lond | tr  sponge spics.
r R . l 5 35%  clay 5‘ B
g = | 20 nannos ] 8 |
= B i 15 quartz = |
= 3 - i 10 forams £ 3 |
1 | 5  dolomite 1
] | 5 carb. unspec, \ Yellowish peb. qtzite.
Cm . - 2 feldspar @l [15r=—or chert (1003 clay-
- | 2 pyrite ] sized gtz.).
] 2 h ins.
3 \ (petitar ! COLOR LEGEND
g | sgnatite) 1= grn, blk. 56 2/1
i COLOR LEGEND ol e
RF - 1 1 =
5 2. 1=arm, blk. 56 2/1
- Tled] F :

Explanatory notes in Chapter 1

L6E ALIS



SITE 397 HOLE CORE_%4  CORED INTERVAL: B92.5-902 m SITE 397  HOLE CORE 95 CORED INTERVAL: 902-911.5 m
zong| FOSSIL zonE]_ FOSSIL =
CHARACTER| g o CHARACTE - i
" v " o
& F g‘g 1 18| E| orapHic g ] o| & | orarHic |p3z53
o g o|%|« el |g £ | LirHotoey §.: LITHOLOGIC DESCRIPTION s 2| 8 2|8| [ £ | utholoy[EefenS LITHOLOGIC DESCRIPTION
“z| {28 B E 25 < |3 zl5]= g % 03
HEFBEHRE = HEHEEHRE =olaalE
P =3 ol 2| 2|51 RN
12 Continuation of Continuation of
Fm 4 28 SANDY PEBELY MUDSTONE = dom, Tith. SANDY PEBBLY MUDSTONE = dom. Tith.
= described in C.93; here, however, 38 described in C.94; here also with
* 1 thers is decreasing amt. of qgtz. a decreasing qtz. granule centent
5 granules but numerous broken frags. of & with numerous broken pelecypod
3 of pelecypod shellsy matrix also = ! shell frags.; one scaphopod frag.
Ik RE Tess sdy. at Sect. 1-25 cms,
il L
. . Matrix: Sed. f11ling shell frag,:
bl CALCAREDUS MUDSTONE SANDY CALCAREDUS MUDSTONE
b
<=
£
HE $5: 1-12em Fing 55: 1-38 cm
21 754 carb. unspec s 0% quartz
= || 5 (silicified?) 8l 33:30 £luy
- B 15 quartz 2 30 carb, unspec,
A g_ 5 nannos [silicified?)
g 8 (s111cified?) 2 10 shell frags.
B 5 forams ~ Iz tr  nannos
2 -, (sil{cified?) z |34 b faldsmr
= B tr  feldspar = 1IE tr m1ca
w 2 tr  vol, glass = |8 & 19 r glauc,
] H tr  pyrite 2 = tr pyrite
é B T |- N
il B = Matrix:
Z 3 fomn: Srdletinc Tayseeot met w a SANDY CALCAREOUS MUDSTONE
Z brownish sed. § LE
CALCAREOUS SANDY MUDSTONE =3 $s: 2-51 emy 3-19 em
] 55_:3! carb&unspe:_
L quar
55: 1-28B cm g B H tr  nannos
45% carb, unspec, 4 B0 2 tr  forams
[partly silicified) 8 s Ly tr  feldspar
35 quartz -
‘_3. ::m: ‘3 4 Indistinct dk, brn, layer:
5 feldspar B 09 CALCAREOUS SILICIFIED MUDSTONE
s ite
tr dofonite £ f—Seaches. $s: 4-99 cm
tr glauc, = - 30-40% chert
tr fish debris L 15-25 clay
tr mollusk frags. i 15 quartz
tr  heavy mins, 10 carb. unspec.
(monazite) o 5-10  nannos
COLOR LEGEND tr- 5 forams
1= grn, b1k, 56 2/1 5 tr  dolomite
- COLDR LEGEMD
Explanatory notes in Chapter 1 1 = grn. blk. 56 2/1
2 =dk. grn. gy. 5GY 41
R Fim co -

L6E LIS
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SITE_ 397 HOLE CORE 96 CORED INTERVAL: 911.5-921 m SITE 357 HOLE CORE 97 CORED INTERVAL: 921-930.5 m
FOSSIL
z ZONE| 1 ARACTE z
3l 2| or S F] 8| 2| crarnic 5
" S| £ | orarHIc s w HE M BER: s
Iy E E LITHOLOGY ’!2,: LITHOLOGIC DESCRIPTION e E : g G £ | LitHoloGy Ol LITHOLOGIC DESCRIPTION
b s = M HE I HEHEEE 3z
w - 2 1 w =i
2| z|Z|&|Z =l
Continuation of el T I Continuation of
SANDY PEEBLY MUDSTONE = dom, Tith. = § z C SANDY PEBBLY MUDSTONE = dom. Tith.
) describad in C,55, o |E7, [P described in C.96 - qtz, granule
&= [ [} 3|5l # contact appears to have dimin-
5 i 7 XRD (ec) 2 lel 2 i ished, some pelecypod shell frags.
u 1 quartz (abundant) abundant) Al e a’ are rnded, discs,
-~ |2¢ 103 XR-amorphous matter cormon) B
~ |33 opal-CT (trace) wls L
R R B 2|8
L B et = lel=
NG 517k La-
2|3 M " cc| 2 ]
1HHE N
2 l8|%
2|28
=~ |s5|E
z 5| &
S| %3
HE
&
5
Site 337, Core 98, 930.5-940 m: NO CORE RECOVERED
Site 397, Core 99, 940-949.5 m: NO CORE RECOVERED
Explanatory notes in Chapter 1 Site 397, Core 100, 949.5-959 m: NO CORE RECOVERED

L6€ ALIS
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SITE3y  HOLE cORE 101 CORED INTERVAL: 968.5-976 m SITE 397  HOLE coRE 103 CORED INTERVAL: 387.5-997 n
FOSSIL FOSSIL
E IOMNE >
ZONE|Cy ARACTE - =, CHARACTER| | s
w F4 - EIE) =
2 O| & | GRAPHIC lozfz5/3 LITHOLOGIC DESCRIPTION w 2] 18] 2| crarHic [o5/>=a 1 RIPTION
S |2 8 E 58| |5| & | urHoroeyERTSy CRER: 2 2lg| |5| & | umoioey 22 UTHOLOGIC PESC
HEEHHBEE 22 HHEEHBEE a2z
ol 2 7lalz &/ FIEIFE L Sl o
2 Continuation of s JELE AR m— . - - Only CC recovered, Continuation of
SANDY PEBBLY MUDSTONE = dom. 1ith. SANDY PEBBLY MUDSTONE = dom, 1ith.
o] described in C.97 described in prev. cores.
1 " =
Matrix: - Matrix:
o HUDSTENE = i MUDSTONE
& 2 = =
= 4 55: 1-86 om £ 5 58 CC
E z 8 E %
= z ag 96 653 feldspar = 65% clay
- 1 = &‘qt.z‘ w 33' 30 feldspar
a £ 35 clay =S - & gtz
2 F tr  nannos 2 E' 5 carb. unspec
£ |8 tr carb. unspec. = o A ac,
- = e = tr  dolomite
2 B Z
= __ =
- =
g
Site 397, Core 104, 997-1000 m: NO CORE RECOVERED
SITE 357 HOLE core 02 CORED INTERVAL: 978-%87.5 m
FOSSIL
ZONE]  waRACTER J gz
2[.T 18] €] or s
3 =] APHIC
§ 2 § g:i £ £ | LirHoLo G S LITHOLOGIC DESCRIPTION
= 6.
HEEEHEREE o=z3
ol z| 2| «|Z =
ce A== Continuation of
g | EE -2 == HE SANDY PEBBLY MUDSTONE = dom, 1ith,
& L described in C.101.
=
E 5 Matrix:
s MUDSTONE
z (2 =
2152 55; CC
g B
ER R 0% clay
vl b & 25 ;eldsnar
4o tz.
E § " 5 py:{te
= |2 E‘ tr  nannos
a _?5' - tr  forams
; 3 s tr carb, unspec.
2 |8 tr dolomite
“la
2
2
&
g

Explanatory notes in Chapter 1
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site 397 nowe A CORE | CORED INTERVAL: 707-760 m SITE 397 WOLE CORE 2 CORED INTERVAL: 760-884 m
FOSSIL i Foijﬂl
IONE >
CHARACTER| E ZONE| . ARACTER al
s Z[ 5[] |B] 2| erarnic s F] 8| 2| orapHic |3zxe
wl 2 =13 TION - " =
©|2| 8| 212|3| |§| & |umotooy Edimsy LITHOCOGIE: DESCRIE: 12| 822|8| |5| & | umoroevEEERS LITHOLOGIC DESCRIPTION
HEHERHE EREEEE < gl ¥ =u5a
= z|2l¢g H SoloaE = 2
ol 15|53 o= | ; ~ i
Zlal|la il S| 2 HE M b
2 1 7| NOTE: This 9.65 m core represents a 53 m cored interval. NOTE: This 4.25 m core represents a 124 cm cored interval.
5 Breccia~cgl.; contains rnded. vol. clasts, 1t, tan, d
Fg- 33 Rl TOME - . » 1t. tan, dk.
0. ] i HiH 42 %:]Ezm 52“3..:?3:19“ mn:s' L5 —-o—-i;:;::‘le; & gy., to 2 cm in size; common rnded. calc,
1 76 4 s”b;;g"lir: 12‘ clay , Matrix is a carb, (74 to 82 cns),
L L) AIGE Burrowed, with "wht. specks® of carb,-filled
‘ 3 n ;g” 21 ’E E fr"::'ﬁ i 1 [ foram tests; some fﬂd1gr_inct Tam,
0 n:;n;‘sunsnec. H ::arr:zu pec. 5 Dish struct. (dewatering?) in mudstone lam,
| 8 quartz tr pyrite g Seq, of med. 1t. gy. (N6) & blk. (N1) lam. with sharp
I 5 feldspar g 4 contacts; well-defined lam, (see comp. below).
[ |21 H: 1 forams -3 I T 13 Well defined x-bedding ("climbing ripple" struct.) with
B H 1 mica w g F¥] [~ some dish struct. (dwatering?); Tam,, 1t. gy. & blk,
tr  heavy mins. g3 i 45 sfmilar to vol, & calc, sdy. mudstones noted above.
| B ] [ H==—Numerous thin lam. (~1 mm) blk. & grn.-gy. (56Y 6/1) with
2 4 FORAM LIMESTONE LIMESTONE E % 2 some x-bedding. !
55: 1-42 cm 55: 1-76 cm = Wht. cal "
1 30%  forams 60% i X R o nnt. cale, sd,
30 carb. unspec. 20 :::Euunspec g § J:m 2 Distinct zone, grn,-ay, (56 4/1), of LI
20 nannos 0 clay # stretched, flattencd, & pulled apart |ERRRESECT ol
15 clay 5 pannos i ("boudinage?") mud & clay clasts with EEpestattum il
: 5 quartz 5  forams ] almost flow-banding texture; 3 cn
tr  heavy mins, tr pyrite § | thick; 1t, colored clasts in a dkr,
41 {augite, apatite) : =— matrix,
tr mica (muscovite, 6 Graded sd., ay, ol. (10Y 4/2)
3
E: _l biotite) b Cr 3 | .._r equence of sandstone units:
I o NANNO LIMESTONE fn burrow CALCAREOUS SANDSTONE § U,z wht.-1t. gy. calc. sandstome
5 1-91 em $s: 341 cm E |Cm cc ft.: ::ltt {bn'!canlc‘l?stfc?} sendswne
B E 3 : - .
13 74% nannos 61% carb. unspec. o FOR o =1t gy cale, sandeone
T 20 clay 25  mollusk shell K Al SANDSTONE Blk. Lam Lt.-gy. Lam
” 3 carb. unspec frags. g YRD (2,24-29 cn) Bk, Lam. Lt.-gy. Lem.
2 ammiiz Yo forums mont, {abundant) VOLCANIC SANDY MUDSTONE CALCAREOUS SANDY MUDSTONE
1 1 forams 2 quartz XR-amorph. calc. { common ) $$: 24 ¢ v
ot quartz 2 ) 551 2-13 cm
- tr  feldspar tr nannos hiorit (rare) 60% vol, glass 45% clay (chert)
4 tr mica tr  feldspar chioriie 15 heavy mins. 30 carb. unspec.
== 2 tr  heavy mins, CALCAREOUS SANDSTONE (orthopyroxens) 10 forams
¢ L te glauc, D (ce) 15, opadues 7 pyrite
1 Breccia with sdy,  Wumerous fn. lan, £ 1 m thick of calcite {abundant) 3 reeean 5 glauc.
H eotrix; no size apparently diagenetic origin pass quartz Emmon} 2 clay 2 quertz
5 sorting or im- through burrows. Often concen, XR-amorph. feldspar  (rare) 5 Forum 2 feldspar
bricated; clasts above & below sdy. or silty layers, tr zeolite §r. mmfos
18| ™ ts!)zz: 1to25 Many burrows (fucoid & ellipsoidal, tlr' "fﬂl:?\ debris
1 mj. 1 h hal .
B *§ x 10-20 common with halos) CALCAREQUS MUDSTOHE
s sa "‘2 NWANKD LIMESTONE CALCAREOUS SANDSTONE 55: 2-45, 123 ems
— 1 $5: 5-114 cm $5: 6-49 cm 40t clay
e 85% nannos 63% carb. unspec. 25-40  nannos
:"4-42 5 clay (angular frags. 5-10  quartz
5 3-4  quartz 20 forams 2-10  feldspar CALCAREOUS MUDSTONE =
=y 3 shell frags, 1§ nannos . g ::T‘hr;‘s”“SPEC- om, 11th.
(pelecypods) quartz r- ra
_" 1 feldspar 2 dolomite 2- 5 sil. unspec,
sgl4? tr  forams; carb, tr  feldspar; mica; 1- 3 glauc. .
I unspec.; micai heavy mins,; 1- 3 an. mat'l,
5 4 heavy mins,; glauc,; pyrite. 1 wvol. glass
Fe oxide, (55: 2-45 cm) CaE03:
=5 tr  mica (§5: 2- CARB, BOMB:
45 em Sect, 3-46 to 48 cms = 48
COLOR_LEGEND tr  apatite?
1= 16 bl gy, 58771 S COLOR LEGEND
7 CaCly% 2= grn. gy. 56 6/1 1= bk, 5Y 2/1
SRS 3"’,';t 4 3=y 5Y 6/1 z = grn. gy. 56Y 6/1
f ect, 2- o 74 s 23 ¢ = gy, 5YR 6/1 3 = med, bl. ay. 58 5/1
cC

Explanatory notes in Chapter 1
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Explanatory notes in Chapter |
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SITE 397 HOLE CORE 3 CORED INTERVAL: gos.gjs p &lﬂ HOLE 3 CORE 4  CORED INTERVAL:
zONE| FOSSIL = ZONE FOSSIL
CHARACTER _ s, CHARACTER| o
E1F] O| & | crapHiC 558 - 3 2[a[ 1] | eraruic 55"5
E 2 § 3 -] § E £ | LirnoLosy _,__E: LITHOLOGIC DESCRIPTION 2 - § 1|2 E £ | urolosy E ;‘): LITHOLOGIC DESCRIPTION
HEEHEER g2 HEEHEES 2t
HEIEP B e o i e
NOTE: This 5.13 m core represents a 31 m cored interval. MNOTE: This 9.75 m core represents a 20 m cored interval.
i
= MUDSTOME-PERBLY MUDSTONE = dom. 1ith, "
y Upper 20 on is more a calc. sandstone = 1
[possibly a pebble?); entire unit contains PEBBLY MUDSTONE = dom. 1ith.
| ;}asts?gf Ls}a mudstene;i?and{er fmg 1- Upper 10 cm (Sect. 1) contains numerous
| to s ), becomes siltier from 2-64 i
Cg ans riarnwards; numerous pelecypod shell :r!n:ﬁ gﬁlﬁ,?r:g:':elllln;:;ﬁ:ﬁ;.;"m:g:f
frags. throughout; 1 large solitary coral ods, solitary corals, 1 complete shell
frag. at 2-64 cm; lowermost 10 cm shows |:I'I 5 [Ha.m:?‘l 1ta sp ) :w hopod:
y - 3 .5 cm inella sp. scaphopods
some deformation numerous clasts of mudstane. claystone
also some defor- & qtzite.; also granules of qtz, in L.
1 ?a:;m:ub:;ween I part of unit {Sect.
w - ms. 6); some deforma
fri] 2 2 between Sect, 5- 5 t,u “\
= | 35 cms around a blk, \]\\\\1
=
e mudstone clast — ) 1
E §5: 3-125 em J } o e
= 60% clay /// e
20 guartz
10 nanncs ;
5 feldspar
1 forams Matrix:
5 } :#rh. unspec. " MUDSTONE
1 ;y:}'ié §# SS: 4-109 cm
tr  organic mat'l, §- 75% clay
25 tr  heavy mins, e - 15  quartz
I, gl |t o
carb. unspec.
Cg4 =
3 COLOR LEGEND = ] 1 feldspar
= - 3 1 glauc,
g 1 = dk. grn. gy, 56Y 4/1 = = 1 pyrite
= 3 1 sil. unspec,
§ 4 tr-1 organmic mat'l.
*  CALCAREOUS SANDSTONE -§
XRD (1,8-10 cm) 5
caleite abundant) =
quartz comman )
AR-gmorph. feldsp. (rare)
+ CLAYSTONE
JRD {cc)
Xﬁ-ama;gi;i {abundant ) P
mantsg .
quartz {conmon )
kaolin,
chiorite
calcite
palygorskite (rare) EQJ
opal-CT
feldspar

Cntoal

CARB. BOMB: Sect. 4-62 to 64 cms =

COLOR LEGEND
56Y 4/1

1 = dk. grn, gy.

L)
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SITE 307 HOLE 4  CORE 5  CORED INTERVAL: g35.963.5 m SITE ﬁg HOLE 3 CORE 6  CORED 963.5-82 m
ZONE FOSSIL 5 IONE FOSSIL -
CHARACTE vl CHARACTE Yl
] 13| 2| oraruic [Z5=s E1E] 3| 2| crapuic |2
L -— - -
o (2|8 g = § £| & | utHoloey Oul LITHOLOGIC DESCRIPTION 5zl 8 i 28| [£| & | uirworoey LITHOLOGIC DESCRIPTION
< |%| Z ™ 2 = =04l < z =z H B =
z/29|z| & gefzz I z|2|elz| v o~
HEERE i 2| 2| 2||Z i
B o Sl a3 NOTE: This 3,3 m core represents a 28.5 m cored interval. ry 15/MOTE: This 3.7 m core represents a 18.5 cored interval,
El= e 5 g hase P 1 ~|=z |s- SANDY PEBBLY MUDSTONE = dom, 1ith,
H sjt_ e e |20 =z
g tg [ L:_::“_;:" [l 1 DOLOMITE (Sect. 1-0 to 65 cm) MUDDY LIMESTONE
& 3 == — 1
& - : ss: 1-30 em % 1 s5: 1-15 en
o 1 708 dolomite a’ 708 clay
| 2 by
g— 15 clay 3 12 quartz
I 5  nannos H 5 carb. unspec.
) H ey = ! Homog, , ne 5 carb, unspec, 5 sil, unspec.
] ¢ —=—granules or 3 quartz 3 2 (chert])
=] I — shell frags. 3 forams § 3 3 nannos
= ] | tr  pyrite = (3 1 3 feldspar
- = i b : B 2 forams
g 2l A ! f £& PEBBLY MUDSTONE = dom, 1ith, & & 2 1 dolﬂlw
7] § Containing pelecypod shell frags., = % 1 g{au wine
hyy Qﬂ_f scaphopod shell frags. & granules ny (ma yer.l te,
1 of qtx., some sed. clasts a few - mrtg:im} L
I show deformation (folds) struct. t 1
; # tn‘: gr;::;: mat']
S_ Matrix: *
tod coltad 19 L SANDY MUDSTONE MUDDY LIMESTONE
s5: 2.6 {with a small recrystallized pelecypod shell;
' e [« 1t. o1, ay. (5Y 6/1); containing:
§0% gquartz Frs Hg;-
?g :‘10! 55: 1-50 cm
orams
5  nannos *Thin Section (6-2, 22-23a & 3 CC): 55% carb, unspec.
5  feldspar TUFFACEQUS, ZEOLITE-BEARING QUARTZ-FORAM
5  carb. unspec. SANDSTONE, partly with radiolarian casts and 20 quartz (well
1 heavy mins, well preserved sponge spicules; partly rnded.
(magnetite) altered palagonite tuff. 15 clay
tr  glaue. g ::::::
tr pyrite
tr organic mat'l, 2 pyrite
MUDSTONE SANDY PEBBLY MUDSTONHE
[itr. o1. gy. (5Y €/1) [with numerous well-rnded, gtz. or gtzite,
area (utr?:)] granules (including some "blue qtz."; rnded,
sed. clasts of dk. gy. mudstones & some LS;
$5:  2-90 cm rare clasts of vol. rx. (with a strongly
foliated texture.]]
60% clay
fg carb, unspec, §S: 1-95 em
uartz
[ aamms 30% quartz
3 feldspar 30 clay
tr mica }g :a!lt;os
ti eldspar
Tyt B forams
5 carb, unspec,
CULOR LEGEND 2 organic mat']
1 glauc,
1 = very dk. brn, 2,5Y 3/2| 1 ﬁy‘rite
2 =dk, grn, gy.  56Y 4/1 1 heavy mins,
&= 1t, gy. 5Y 6/1 ({amphibole)
# Bk, 5Y 2/1 COLOR LEGEND
Explanatory notes in Chapter | 1 = dk, grn, gy. S5GY 4/1
-
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e 397 HoLe A CORE 8  CORED INTERVAL: 992-1001.5 m

SITE 357 HOLE 3 CDTEE 7 CORED INTERVAL: 982.5-092 m 5
FOSSIL FOSSIL
NE IONE =
ZONElc yaracTE EEN ONE|cy aRACTER il s,
1 w =4 Y w b3 bt b
g'; g| 2 | crapHIc o 3 ] o| = | craAPHIC |5z
§ E § x § E| & [ urHotosy oS LITHOLOGIC DESCRIPTION E 2 § 3z § | E | umHoloey 2 e LITHOLOGIC DESCRIPTION
HEEEHHBEE 522 HHEEHBEE |
HEIR™ | Bl = HEIRME et e
Continuation of o SANDY PEBBLY MUDSTONE = dom, Tith,
= SANDY PEBELY MUDSTOME = dom, Tith, F-od Fewer sed, clasts, more & larger-sized
=l described in C.6; here both qtz. (qtzite?) granules == aranules of gtz,
= & pebbles, & sed, clasts becoming progressively =
3 larger down-core; some clasts show deformation; b 1
‘? also some indistinct contacts: S ol DOLOMITIC MUDSTONE
3 3
iy | 10443, 4
= 4, 1 |
,{L 3 Contact between Qtz. clast g _J_“L’_t__‘ SS.‘m-aﬁ ::u
1 i 1 Ui
w i units? Lam, {~1 mm thick) g i -J__;_j 4 10 g(ﬂomi =
g £ | Whtish, ares 2 s A+ 4 8 10 carb, unspec,
= _% | = %{‘ :_6_1__‘_.1 10 feldspar
- & | 15-35 om = Zone of deformation? > 3l Ty 10 clay
2 8 - (sect, 1) or deformation within = 2 1B+ - tr pyrite
= g i a mudstone clast? o 2 2| 4, |
E ' g Co- tm|Ca - == Sandy pebbly mudstone with no sed, clasts;
‘.Q ! ] abund. wht, to b1, gtzite, granules; abund.
i Fo~ = mall, frags, & solitary corals (up to 1 cm
fata in size); some smaller reddish chert grains.
Qtz. Zone of slippage? Clast
clast moved by s1ippage leaving Matri
in lee a trail of . rix:
120 om - debris, bl DOLOMITIC LIMESTONE
st W $s: 28 en
= COLOR_LEGEND 42% carb, unspec.
- —_— 35 d?‘lomite
20 cla
1= dk, grn. ay. 56 4/ 2 m{h
1 feldspar
Explanatory notes fn Chapter 1 tr  nannos
tr pyrite
COLOR LEGEND
1= dk. grn. gy. 56 411
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SITE 397 HOLE :“ coré 9 CORED INTERVAL: 1001.5-1011 m SITE 397  HOLE A core 10 cOReD INTERVAL: 1011-1020.5 m
FOSSIL
IONE - FOSSIL
c:a;ncrn z| 2 g5, sons cHARACTER| |
- - e o| = GRAPHIC o x Q| = GRAPHIC
2 g g § : g = E LITHOLOGY zolu 23 LITHOLOGIC DESCRIPTION S ; s : g § E E LITHOLO GY LITHOLOGIC DESCRIPTION
HEEHHBER =58 MEEEHHBEE
<| = - f : 2 < i
HEIGPE 8wl = 2 z|d a2
Continuation of CALCAREOUS T
- 20 SANDY PEBBLY MUDSTONE = dom, 1ith. DErELe NUDSTONE (smﬁf; ;jﬁfiunt,fns
= c] o 1 see C.8, OQtzite. pebbles here to 3 om. Lo 1 o BN e lEh numerous qtz, granules;
. L = 1n-r80Tite calc, fossil debris
) b common; 56 6/1-4/1.
- CALCAREQUS MUDSTONE Sequénce of foran-rich 538 [1e7ien
= ss: 1 Ttr. SY 3/2) & clay-rich 50% clay
w A : 1-20 em Rpl dkr, 5Y 472, dk, ol, 20 nannos
§ ] 455 clay gy.) lam.; all with 18 to 15  quartz
=S E‘ 20 nannos 207 dip; some burrowing 5 forams
i 15 quartz although no evid. of dep. 5 carb. unspec.
= =] 5 forams o break to allow burrowing; 5  feldspar
k4 £ 5 carb, unspec. P contacts grad, 1 organic mat'l,
i 5 feldspar tr- 1 dolomite
: - tr h
? ;ua unspec, = Pebbly mudstone-cgl,; ’ (::geg:::i
1 pyrite w 5 trans. uw?r'ds into tr pyrite
te-1  dolomite ] £ overlying lam, unit; tr dlatons
tr-1  dHatoms 2 E-. numerous clasts, to 4
tr  heavy mins. = = cm, some plastically MARLY LIMESTONE, + dolo.
{pyroxene?) 5 B [~=—deformed;, 511ght Gassy odar; some occ. peb.-
= imbrication, nan- sized clasts, some deformed
o . deformed clasts rnded, & smeared Il to bedding; seds,
Becoming more sil. at base of core; becomes silty fn Tower en. dip 10°, Jocally to 30°
also decrease in terrig. component: 5 oms. Sect. 1-40 to 50 cms); scat.
Sequence of tests of benthic forams &
claystone & small gastropods:
NANND LIMESTONE marly silt= .
Rp- -l stone lam.; 35t 1-83 cm
55: ¢ P 2 --J ~10° dip. 358 clay
60% nannos Pebbly mudstone-cgl. gg carbe bl
10 carb. unspec. {see above], quarsy
510 diatans — 15 ‘Torass
5 quartz 2 Sequence of claystone 5 feldspar
5 clay ] — .-_L& marly LS Tam,; L. tr  nannos
5 s - es, contact sharp &
bps B fr::i i Bl i Ag % 1 angular.
¢ jods | Pebb]
y mudstone-cgl.
E'; do;umite again (see above),
tr  pyrite Thin-Sec. (CC), opal-CT
Vo i replaced rads. CaC0y3 cu:g‘
LECO:  Sect. 4-65 cms 18 2.9
1= dk, g, gy, 56Y 4/1 CARB, BOMB: Sect. 1-82 to B4 cms 27
Explanatory nates {n Chapter 1 COLOR_LEGEKD
1 = dk, ol, grn. 5Y 3/2
2= ol. qy. 5Y 5/2
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SITE 307 HOLE g CORE 11 CORED INTERVAL: 1020.5-1030 m site 39 HoLE A core 12 CORED INTERVAL: 1030-1039.5 m
FOSSIL FOSSIL | |
IONE
:uauc'rﬂ wf ZONElcy aracTER g
H g % | crapHIC ;?3 EE 3| 2 GRAPHIC ;;1‘5
- w w = w 2 N =
2 ; g g = g 5 £ | urHoLooY % LITHOLOGIC DESCRIPTIO ; g § E = § E E LITHOLO GY Rg‘. LITHOLOGIC DESCRIPTION
MEEEHREE c223 “125| 2] 2| 8|2 I 2%
HERPFE HEEEs SEIFIHER =3
PEBALY MUDSTOKE = dom. 1ith,)
Foram-rich silty sd. In gen., a continuation of
Pebbly mudstone; deformed & smeared clasts, becoming more PEBBLY MUDSTONE = dom. lith.
~lx _l prominent in L, part, size range <1 cm to »6 cm, some & silty marly LS sequence described in C.11,
= |E |Rp 054 imbrication; infrequent lenses ltr,-tan foram silt; vague - except here the distinction between these
1 zones homog. mudstone without clasts er sd./silt lenses = non-lam, & Tam. wnits is not as clear lam,
(Sect, 1-35 to 60; 110-120 cms; Sect. 2-10 to 20 ems)s = E 3 unfts often fissile (may be drilling distur-
somewhat siltier & sdier, Sect, 2-20 to 60 cms. =5 bance). Clinop. in fossil pores.
Pebbly SILTY MARLY LIMESTONE g Pebbly mudstone matrix:
mudstone S5ilty marly LS (with wavy to lenticular lam,) w| @ § CALCAREOUS MUDSTONE
as aboye, with lam. as $5: 2-99 ¢m 1%
above; Tam, § b Gas 5S: 1-55 em
have ~25° dips., gg’- f*‘iﬂ"B % g = sanp, 351 clay
cla =
cp4 Pebbly mudstone as above; g q,.,{tz . E 25 forams
here with some qtzite, 5  carb. unspec 3 20 quartz
2 granules near top, 1 feldspar u I Fn- 10 feldspar
£3 3 5  nannos
= Silty marly LS with < fstnos 2 5 'i_ 5 Cdf‘g? unspec,
lam, as above; lam, tr pyrite; dol. E |5 8 tr  dolomite
have +5% dips; "wht, MARLY LIMESTONE - —g z
specks" of carb, [faintly lam. as above; ~20° g g g
filled foram tests; dips (in opposite direction & § ) Lam, units:
L. contact sharp to these above & below)] 5 R CLAYSTOME
“ with 10° dip. $5: 4-26 en HE $5: 177 em
. S| rymimess T £ g
4 |Rpd ) ]_strung‘ly deformed 10 cu::tz e 10 quartz
E by plastic flowage. 9 h tr  nannos
Hl 5 forams E tr  carb, unspec,
§ .l Pebbly mudstone; somewhat sdier, ? ::'{:gp::”“' H tr  dolonite
-g_ & wi zh more thz;te. granules, tr  glauc, _g. tamas
w Silty marly LS, as tr  pyrite ic
= o - 4 1 = LECD:  Sect. 1-92 cms 7
B g above; ~20° dip. tr  sil. unspec. 5 end g CARB, BOMB:  Sect. 1-32 to 34 ctms 34
= 2 Pebbly mudstone; U. Matrix:
ol | part somewhat fissile; MUDSTONE
2 3 4 1=n-ge {3 x5 cm) gu*n. §S: 4-130 cm
=3 clast at Sect, 4-135
= g‘ Rp-| om with carb. fossils, 80z clay
g qtz, granules, etc, simi- g nan:us
% |=—lar to pebbly mudstones- R oosunepecy
= cgls, noted up-section; quartz
matrix with a poorly-so, 5 pyrite
qtz. granules, Sect. 5-30 CALCAREOUS SANDY MUDSTONE
to 75 cms interval more 55: 6-98 cm
Fp-f homog, without clasts & :
granules; L. part with 50% quartz
¥ smeared & deformed clasts, 15  forams
clast size larger. 10 nannos
10 carb. unspec,
Silty marly LS as 10 clay
J above; lam, faint. 3 dolomite
Fm 1 glaue,
Pebbly mudstone, as above; clasts tr pyrite
plastically deformed, some fissile, tr heavy mins.
clasts to 10 en long, no apparent (magnetite,
imbrication, some of sdy,-silty; iimenite)
Cp & one such large clast {or an inter-
bedded unit?). Siderite rhombs.
o) CalOy% C %
LECO: Sect. 4-90 cms 14 2.2
CARE, BOMB: Sect. 2-59 to 62 cms 27
7 Com, clinop. and opal-CT COLOR LEGEND
rpdag kool in forams, 1 = dk. ol. g, 5Y 3/2
i cc| - 2 =0l gy. 5Y 4/2

Explanatory notes fn Chapter 1
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SITE 397 HOLE 3 CORE '3 CORED INTERVAL: 1039.5-1048 m SITE 397 HOLE 3 CORE ' CORED INTERVAL: 10459-1058.5 m
zonE| FOSSIL - zoNE| FOSSIL 8
CHARACTER CHARACTER
F] 3| 2| orarnic | I Zr2[. T 13| £ srarm 5
= A
52l 8 "3’ 28] |E] 8] uretoey :5_:_§: LITHOLOGIC DESCRIPTION 5 lzl8 ! 2 § =l |iimeis cfwr §: LITHOLOGIC DESCRIPTION
<|%2]5|= gl g = <% 2 gl g e
HHEEHRE e2is HHEEHEE =
T : =
2l z|2|alZ = HEIES P il
Continuation of B L) | — - CALCAREOUS MUOSTONE = dom, 11th.
PEBBLY MUDSTONE = dom. 1ith. A it 1y LS
- of prev, cores; clasts highly defnnrmf! plastically § Lam, silty marly LS,
el with distinct 30-20° dipping imbrication; portions Pebbly mudstone: plasticall
E|= «  have more clay (Sect. 1-105 to 148 cms; Sect. 2-75 3 = derorad ZIeats: ratGentls -
! i to 120 cms, Sect. 3-38 to 70 cms) with no clasts, as pull-apart or boudinage
o Clinop. in forams. types
A
o Fp
= E J;;rg:ﬁ;lms?:;rf {': Dominant 1ith, in sTump: ) CALCAREOUS MUDSTOME
§ 5 sTump n:-p burrowed, ong MARLY LIMESTONE (lam, unit with numerous
g |als ’ 2 bed {s distinct with 551 2-20 em blk., PF‘“""?" Tam. &
bl I E B 4 cubes & blebs of pyrite; S5% -carh foram tests filled with
= *E gen, 1tr, in color {56Y 30 ::n“és”'“pe:' & pyrite; lam, dip +10°.
B 6/1-4/1).
el g 2 38_4 i 33 :h,t = 2 Pebbly mudstone, clasts 55: 1-88 cm
| .8 quartz = plastically deformed;
} %‘ 3 2 pyrite 5 clasts not present in gg‘ El:z RSRE
5 ¢ Ly B intervals Sect. 1-132 10 forams >
] 8 w to 142 cms; Sect, 2 & 8 quartz
&5 § T Dkr., homog. QUARTZ MUDSTONE w E. Sect, 3-90 to 120 oms. B pyrite
@l (———1interval with 55: 2-T9 em § . 2 feldspar
S .
] : no clasts: 358 clay 2 (& g 2 oglauc.
30 quartz e | tr nannos
= |2 |% tr dolomite
- 16 carb. unspec. 2= & 3
Ag— Ag[Co4 cT - 10 nannos = 8
5 forams g
5 feldspar §
4 pyrite ]
Matrix: = Lam, dk, ol. blk.-brn.
t % o
MARLY NANNO LIMESTONE- ol or o iorbia Btk
CALCAREOUS MUDSTONE (with distinct lam,);
85: 2-80 [ Sect. 4-130 to 150 cms
i 4 contain vertical fract,
40% nannos network that bubbles when
40 clay wet & smells with gassy
B qguartz odor,
5 forams
5 carb. unspec,
2 sil. unspec. Fn 4
1 dolomite
tr  feldspar
tr  mica
tr ite
pyr FrfCndced [ |=—pebtily Pudstone
COLOR LEGEND CACOBS Cﬂ 4
1 = dk. ol. grn. 5Y 3/2 LECO:  Sect, 1-109 ems 35 2.5
2= ol, gy, 5v 4/2 CARB, BOMB:  Sect. 1-108 to 111 ems 30
3 = blk. 5Y 2N

Explanatory notes in Chapter |
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16 CORED INTERVAL: 1068-1077.5 m

site 3% HoLe CORE 15 CORED INTERVAL: 1058.5-1068 m
FOSSIL
ME
ZONElcy aracTER " =,
FT w -
- 3 2lw| S| 5| srarHIC 5 LITHOLOGIC DESCRIPTION
¢ |28 : 5|g| &| & [vmworoey Pk
i =
3z E2Z v Sare
HEIHPIE T
REBBLT, MUDSTONE. = CALCAREDUS MUDSTONE
st e . (with vague lam, throughout)
=
- 0.5 55: 1-100 cm
1 N . 50% clay
. i 30 nannos
1.0 0oy 10 carb. unspec.
5§  quartz
2 forams
2  heavy mins,
E-—Pehb!y myds tone (magnetite;
= 4 R 1Inuien1te)
2F Sl B pyrite
_‘__1__‘__4 tr  sfl, unspec,
2 PPy,
_‘__l._‘__‘ 80y 2 DOLOMITE
R S
n t— Pebbly mudstone; clasts 55: 2-B0 cm
* plastically deformed &
folded; suggestion of ?g‘ :::‘m:h
slumping. 10  quartz
¥ 10 clay
6 5 carb. unspec.
2 feldspar
3 0 tr  glauc.
E tr pyrite
£ 2z CALCAREOUS SANDSTONE
:F'; [ungraded, wht., (N3)]
£
w 5 55: 4-75¢cm
§ e 90% carb. unspec.
= .z., 8 § quartz
X | 4 clay
= 15 4 75 tr  nannos
ERE tr  feldspar
2| &
] a—Pebbly mudstone
-
Mass. mudstone, some
| o Dbroken pelecypod frags.
becomes very dk, gy.
brn. near base.
5 78
1
Pebbly mudstone; plastically
deformed clasts, scme inter-
cal, zones of blk. [5YR 2/1)
mat'i.
A Eatﬂji En 3
A LECO:  Sect. 1-36 cms 14 3.5
CARB, BOMB:  Sect, 4-48 to 50 cms 21
COLOR LEGEND
7 1= ol. gy. 5Y 4/1
2 =med, o1, brn, 5Y 4/4
A1 lee| e g=1t,0l. gy. 5Y3/2

LITHOLOGIC DESCRIPTION

site 39 HoLe A CORE
=
Z| wn =
- O| = | GRAPHIC 5
© 5| & | utHolo Gy [2afur Sy
< ol 2 io-
by ¥
e &= o}
b |
| 1
=
=
‘ 67
96|
2
Am
4
2
e
2
7]
E §
N
g
= Cm 58|
= P2y 4 §
e o
= &
5 %
= B.
wl| |F
gl |z
£ |4§
T 3 59
2 [ & fre) 4
& N7 | &
g
3
.—' Cm
5
P2)) Cin
o
‘a | A
519
o
> o
#

Sphamolithus

Explanatory notes in Chapter |

balamon KN3

PEBBLY MUDSTONE = dom, 1ith,

Clasts deformed & folded; suggestion of some slumping; clasts
from 1 em to nearly 100 cm (Sect. 3; see below); colors of
clasts variable from brnish.-blks. (SYR 2/1), dk. reddish brn,
\ES\'R 2/2), 1t. grn.-qy. (56 8/1}, al. blk. (SY 2/1), ol. ay.
5Y 4/1) to yellow gy. (5Y 6/1); 1ith, of clasts also varfable:
mudstones, burrowed marly nanno chalks, cherts & LS,

N

Examples of deformation:

Clast with
internal
deformation
struct,

PR

vaq

3 W | Lerge clast (7)
- 3 Lwith internal
= deformation
= \ struct,

i \
& b

Section 3

Section 2 (cont'd,)

--——5ection 2

Thin-Section (CC): opal-CT
replaced radiolarians, opal-CT
and clinoptilolite in forams.

taCUSS Cm, %
LECO:  Sect. 3-124 cas 27 17
CARB. BOMB:  Sect. 3-100 to 103 cms 22

COLOR LEGEND

1=o0l, gy, 5Y &N

L6t HLIS
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sitTE 297 HOLE A CORE |7 CORED INTERVAL: 1077.5-1087 m
FOSSIL
N
ZONElcyamACTER o *gu
=) | " =
T § 3 3 sl 2| B ,_:i:':;:':v 8. LITHOLOGIC DESCRIPTION
<|3( 25|52 |52 'ggs:
s 5 L 23 by eIz
2| z|2|a o
PEEBLY MUDSTONE = dom, 11th.
1 Pebbly mudstone with
= fe—plastically deformed
= 50 clasts,
1 —
noo
~e—o-Homog,, no clasts.
2
Pebbly mudstone with
plastically deformed
clasts & matrix showing
2 fold struct,
-
Rp o
- —
T 3
g
e
-
=
— 1
v —
b  —
] . i —
o 3 Lam,, 1t. ol.
H 1 ay. (5Y 5/2).
gl |s
= |ue g Cm
= = Folding arcund a clast of
= - marly nanno LS; lam. sur-
= 2 rounding 1t contain sd, Pelecypod
= pzi = [Emd & glauc, & some pelecypod
= 58
T " shell frags.
™ E 4
= -
&
= &
£
'
E L+
5 Clasts here show almost
a migmatitic texture in
™2 marly nanno L5 (1t.
grn. gy., 56 8/1).
rg- " 3 Catﬂa! l:D : 4
X LECD:  Sect, 3-45 cms 27 1.8
i CARB. BOMB:  Sect., 347 to 49 cms 27
COLOR LEGEND
1=al, gy. 5Y 4/1
Cmd |caf 2 = dk. gy, ben, 2,5Y 3/2
g 7= ay. ol. 0¥ 4/2

SITE 337 HOLE 2 cORE '8 CORED INTERVAL: 10B7-1096.5
FOSSIL
IONE
ONE| 1 ARACTER wlz
18] 2| crapnic |3
s lels g’gg EE: Srarute ;g% LITHOLOGIC DESCRIPTION
- o -
“15 Z|2l2 ] E 5323
HEIEM 3 =3
PEBBLY MUDSTONE = dom. 1ith.
g Base of graded bed
here irregular ———e
1 f—{mud pebbles?; bio-
turbation?; load
casts?)
- MUDSTONE
(numerous small {<3 mm)
burrows; occ. sdy. or
511ty patches.
55: 1-26 cm
65% clay
(P * Biirrous 30 nannos
Typical 5 quartz
tr forams
graded Graded tr carb. unspec.
<} unit: (sometimes tr dolomite
a 2 with Tam, ) tr o pyrite
g lels
w |Fla
g |52 Clasts (of underlying
X |=|E pebbly mudstone)
pe o 3
= ] Pebbly mudstone with
a H | p'Fast!caH{ deformed
'5:_ clasts, folding of
matrix,
1
4 CALCARECUS MUDSTOHE CALCAREOUS MUDSTONE
(graded bed) fu. part of graded unit;
forams filled with pyrite)
85t 1-50 cm
Rp4 33% carb. unspec. §$5: 2-119 en
25 quartz 25% clay
- 15 forams 20 nannos
15 clay 20 carb, unspec,
5  feldspar 15 forams
5 heavy mins. 16 quartz
FC 3 pyrite 5  feldspar
Cm] m [CC 2 nannos 3 pyrito
tr glaue, tr  dolomite

Explanatory notes in Chapter 1

CARB. BOMB: Sect. 1-26 to 28 cms 28

COLOR_LEGEND
1= med. ol, ay. 5Y 4/2

L‘acﬂ.}‘l

L6E ALIS
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397 HOLE &

core 19

CORED INTERVAL:

1096.5-1106 m

IONE

AGE
SECTION

NANNOS

FORAMS

METERS

>
GRAPHIC 3
LITHOLOGY §:
=08
x ¥
o ]
S

LITHOLOGIC DESCRIPTION

Fr-

EARLY MIOCENE
N57-NE?
Sph. balemos NN3

Cpd

aln
|

Cg- Fm

Pebbly mudstone containing even more
plastically deformed clasts except
Sect. 1-115 cms to Sect, 2-35 cms
where no clasts are present but with
small scat, wht, carb. fossils.
rad.; clinop. in forams.

Matrix:
MUDSTONE

$5: 1-76 cm

B0% clay

10 carb, unspec,
§ mnannos
5 quartz
5 pyrite

tr  forams

MARLY NANND LIMESTONE
(numerous “wht. specks")

55: 2-62 cm

0% clay

30  nannos

20 forams

10 carb. unspec,
2 quartz

tr  pyrite

tr fish debris

CaCUz‘i c %

P
Sect. 2-83 cms 20
15

LECO: 0.5
Sect, 2-10 to 13 cms

CARB. BOMB:
COLOR LEGEND

5Y 3/2
5Y 42
56 4/2

1t. ol. gy.
ol. gy.
9y. grn.

o by e
oo ow

SITE

AGE

397 HOLE 4

(2]
(=]

20 CORED INTERVAL:

1106-1115.5 m

CH

FOSSIL
ARACTER

B. FORAM

2

SECTION

NANNOS

METERS

T

o
GRAPHIC g
LITHOLOGY §3

LITHOLOGIC DESCRIPTION

EARLY MIOCENE

N57-NB?

HH3

Sph. belemnos

Fm-

=

R Soeooeed &

)

0

39|

Explanatory notes in Chapter 1

PEBBLY MUDSTONE = dom, 1ith,

Pebbly mudstone plastically deformed clasts; matrix

|=+———Mudstone containing few calc. fossil frags.

|a—>5dy, silty graded unit,

Pebbly mudstone; with numerous "bl1." gtz, granules
& abund, moll. shell debris, also with some clasts.

(=——Hudstone, no clasts.
|- Pebbly mudstone with deformed clasts.

Pebbly mudstone but with scmewhat sdier, matrix;
_-_J_clasts deformed; 10YR 4/2-3/2.

Burrowed
|=——interval, e
— Tov 52, T

4 CALCAREOUS SANDY MUDSTOME

Pebbly mudstone; S5z 347.cH
pebbles highly 40% quartz
deformed & al- 30 nannes
most indistinct. 20 clay
5 carb, unspec.
5 feldspar
2 tr forams

Matrix:
CALCAREOUS MUDSTOME-MUDSTONE

Ss:  3-130, 4-39 cm

30-70% clay
5-20
5-20

10-15
2-14

tr- 8
1- 8

tr

quartz
forams
nannos
dolomi te
feldspar

Cacﬂsi c

LECO:
CARB, BOMB:

Sect, 2-91 cms 12
Sect. 4-63 to 65 cms 22

COLOR LEGENWD
1 = med, bl gy,

sdy. with common shell frags. Rad.; clinop. in forams.

carb. unspec.

lauc,
?ss: 3-130 cm}

1.2

org

58 6/1
2 = dk. grn. gy. 56Y 4/1

L6E LIS
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: 1134,5-1153.5 m
site 3 MOLE A cORE 2 CORED INTERVAL: 1115.5-1134.5 m SITE_337 HOLE - CORE 22 CORED INTERVAL: 1134,
] FO n
zone| FOSSIL z ZONE| -, amacTER
CHARACTER| sl FE] 13| 2| crarnic |o2oms
% w 4 o A ]
R EIR i HE g g Li:%:.:::v B LITHOLOGIC DESCRIFTION ° 2l 8 i |3 5 £ | uTHoLO G Y [Z2| 5 Ol HIHOLOGIC, SESCRIEHON
<S|Z 2252 (8% 'gs: “|z| 22|8|2| || = 308
Lz e z = |oe=E - i =
= 2 I = 2% = =
EIEIE B 2| Z|d| |2 -
ald
] Sequence of burrowed
FEBBLY MUDSTONE = dom. 1ith, T CALCAREQUS MUDSTONES = dom. 1ith.
- Deformed clasts becoming sdier. towards base of Sect, 2 (more with intercalations of sd. & s11t layers;
= [cp granule-rich alse); in Sect. 3 fewer clasts & less sd. numerous hor. composite burrows.
Fr—
1 76 i L3 Sdy. lam, sequence of sdy, mudstones.
CALCAREOUS MUDSTONE i : U:E;“z:«;:i N::h CALCAREOUS MUDSTONE
4 v Th
$s: 176 n w| |E oy, (N7). (0. ay., 5Y 3/2)
=
60% clay =1 ] §5: 2-12 em
20 nannos 2 ¥ 12 Fn. sd., x-bedded, praginiy
S @ 10 forams = ) Jt. o). av. (SY 5/2). 20 unspec
= 2 5 tz > & arb, pec.
=] £ Cm+ Quar ] 1 1 15 nannos
g ; 3 carb, unspec, = 5 Graded silty layer 5 dolomite
= % A 2 dolomite g 76 ith organic mat'l,; 3 forams
= 9 tr mica B ol. gy. (SY 3/2). 3 quartz
5 tr heavy mins, & 1 1 heavy mins,
g 2 l (magnetite) ) Iﬂ—l (magnetite)
Gas tr pyrite 2 i Slumped zone with 1 pyrite
[~ samp. T8 clasts of wht. LS. 1 sil, unspec.
18 1 organic mat'l.
2 tr feldspar
Il CALCAREQUS QUARTZ SANDY MUDSTONE ] |cg tr  glavc.
e —lpm Rp4 &
0 55: 2-92 cm Gen. 11th
o .
@ 9 508 quartz MIDSTONES CALCAREOUS MUDSTONE
25 carb. unspec, $5: 2-105 em
g FC }D n:nnos §5: 2-76 cm !
AP m lcc 0 clay cl 40% clay
e m W 3 forams ;g’ “,ﬁos 25 forams
Digecaster druggi NNZ 2 feldspar 5 carb. unspec, 15 nannos
1 heavy mins, tr forams 10 carb, unspec,
(magnetite; tr  dolomite 5 quartz
apatite) tr  quartz 2 heavy mins,
tr mica ) I"“?E“m}
pyr
4 e prite 1 dolomite
Matrix:
CALCAREOUS MUDSTONE tr  feldspar
. tr  mica
55: 3-18 om
408 clay In thin-sect. (T5):
20  nannos CALCAREDUS QUARTZ MUDSTONE
10 forams (dominant grain-size:
10 carb. unspec, 0.05-0,1 mm)
10  gquartz
5 feldspar 408 calcite
3 sil, unspec. cement
1 glaue. 40 quartz
1 pyrite 12 forams
tr  heavy mins. 5 alkaline
(magnetite; 5 feldspar
monazite?) 1 carb, unspec.
tr monazite(?) &
other ore mins.
(grains angular)
CGCDSE Cn &
LECO: Sect. 1-55 ecms 22 0.4
CARB, BOMB: Sect. 1-59 to 61 cms 22
Cama‘ CO i: w;na LEEENI;GY -
- = gy, ol, grn,
LECO: Sect. 1-118 cms 2 0.4 e el T vt
CARE. BOMB: Sect. 1-30 to 32 cms 3

Explanatory notes in Chapter 1
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SITE 397 HOLE nssn. CORE 23 CORED INTERVAL: 1153.5-1172.5 m SITE 397 HOLE A CORE #  CORED INTERVAL: 1172.5-1191.5 m
FO
MNE FOSSIL
0 cnnnﬂg] 4 = F ZONE|C aracTER i
3 w o Z| w &
- ol Z| 2] |8] £ | crarHic |p3723 HE G| & | craPHIC |o%
¢ |28 é (3| |5 & | mHoloor ;qu LITHOLOGIC DESCRIPTION |2 § § E § E| £ | Limorocv Rz LITHOLOGIC DESCRIPTION
b =
HEHEEERE S 5 HHEEHRES oz
HEBRAE EEEd I FEIME 2l
CALCAREQUS MUDSTONE = SANDY QUARTZ MLDSTONE 3
dom, 1ith. [1t. gy, (N-7); non- 1 PEBBLY MUDSTONE = dom, Tith.
indurated; only uppermost 40|
= 50 1 em graded; burrows in Mass., contains numerous lense-
o 1 70 center; lam. throughout] -, shaped, c?ﬂvwssed cins1ts 1-3
E] n i = mm producing streaky, almost
.{g:en:’ﬁkb&:r;;:d. 551 1-50 cm * -.-metalrnrp'hic. texture & fabric; CALCAREOUS MUDSTONE
. 4 60% clay some clasts almost stylolites; 55: 1-40
23 Similar to sdy. gtz. 30 quartz 2 graded units separated by 304 forams
= mudstone above, but . [manhos thin, deformed dk. reddish- brn. % clay
with x-bedding in 3 carb, unspec, (5YR 2.5/2) layer similar to 20 quartz
center. 3 feldspar underlying sed.. 10 carb, unspec,
1 forams * 6 zeolite
tr  pyrite J {phi1lipsite?)
h Thin-sect,: 5  nannos
Sdy. 15 .

2 b g O MUDSTONE-CALCAREQUS. MUDSTON M QUARTZ CALCAREQUS MUOSTONE 5 dolomite
filled foram tests, 55: 1-70 & 4-32 em Ea:n;'.“]grafn—she 0.95= ] g\aucl.:
gyish. ol (10¥ &/2), 65705 clay noo| SSt 2.63 to 65 cm 1 pyrite

Inversely graded 20-25 nannos 30 40% quartz 5
sequence, v. 1t. -5  forams 20 forams Matrix:
gy. (N-8), 2-3  carb. unspec. 18 cement: clays, HUDSTONE
w 2 dolomite (S5t 4 calcite, ash(?) 53:  2-100 em
& 3z 1-70 cm) m 5 calcite 708 clay
S |5 2 cm thick, organic 1- 2  quartz 5 lass shards 20 nannos
* | x 3 Ly rich claystone, ol. tr- 1 pyrite " brn, alt.) 5 carb. unspec,
=6 gy. (5Y 3/2). te feldspar (5S: . - 3 clay 5 quartz
= | par ( =
g2 5 1-70 cm) i = L o pyrite
tr mi 55: 4. = - 2 feldspar r forams
L Sdys miistdie with u;‘ﬂf,} = § 2z pyrite & tr dolomite
= ¢ pebbles e tr heavy mins. > & magnetite tr  feldspar
T * magnetite) £ y 2 zeolite (clinop.)
Pebbly mudstone, 853 1-70 cm) 4‘% = 1 dolomite gm.um'ra 3
o folded & deformed £ Clast: oCCUrs, as 2 pLs.,
B tpd [ clasts deformed E;:D"Nﬂljmmi‘;‘ a/4) 1 CALCAREOUS MUDSTONE yellowish gy, (5Y
i 4 plastically. : ; = s5: 2-130 em 8/1)]
inversely graded; top 1 351 ¢
£ & has scoring marks; U, Hacly 84% dolomite
;| & L. contacts disturbed 40 ;“Ms 10 clay
5; = Mudsto iregdlar. g c::gﬁunspec § quartz
2 13278 e B R s 3 H : 1 rite
3 L {560 abovE) §5: 3-32 cm } “"""u tr Hldsuar
755 clay F 1 231'; tﬁnspec tr  heavy mins.
Pebbly mudstone ,}g :::E‘:: i tr mica {manzite?)
intensely deformed tr  aglauc. i
A trn b clasts: 3 carb. unspec. hid 9 Thin-sect.:
B 5 2 forams cc: 22 to 23 cms
i 1 feldspar 763 dolomite
tr pyrite gvz;i comp, 15 as follows: 8 quartz
ebbly mudstone; mudstone is 8  det. calcite
Fol (Fm| [gg ""Jt :3 ——Huds tone folded, clasts extensively 5 clay
| deformed as streaks, some 2 alkaline
“having a boudinage appear- feldspar
ance; some burrowing & sdier, 1 pyrite
CaCUai i i (forams) portions (portions
_ P- np 15 of larger clasts),
CARB, BOMB: Sect, 1-132 to 134 cms 13 &
Sect. 2- 34 to 36 oms 27 Cacy®  Copgt
LECO: Sect, 2-55 cws 25 0.6
At 3-57 cm. altered VITREOUS TUFF
COLOR LEGEND Sect. 3-40 cms 19 2.6
CLAYSTONE with siderite rhombs. = & ...._—.;M £ CARB. BOMB: Sect. 3-65 to &7 cms 22
= dk, grn, gy.
&= qgy. ol. T0YR 472 COLOR LEGENKD
3= grn. gy. 56 6/1 1 =mod, ol, brn, 5V 4/4
4 = 0l, gy. 5Y 4/1 2 = dk. red brn, 5YR 2/2
5= 0ol, gy. 5Y 3/2 3 =ol, gy. 5Y 372

Explanatory notes in Chapter 1
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SITE 357 HOLE CORE 25  CORED INTERvAL: 1191.5-1210.5 ® SITE 347 HOLE , CORE 26 CORED INTERVAL: 1210.5-1229.5 m
FOSSIL ]
ZONE FOSSIL
CHARAC | : s ZONE| y ARACTER wl=,
w [T o121 2] 8] 8| orarmic 5 w 2[.] (3] & erarnic |2zxs
e |2 8|2|2|g| |G| & |wmoroeyEzLEs. LITHOLOGIC DESCRIPTION 8 |z] 8| 3|2]8| |E| B | Hotoey ;33.. LITHOLOGIC DESCRIPTION
L4 Oa| ol E w o5
HHEEHBER a2 MHEHEEHRER =
?lz|dl&lZ et o HEIEe e
5
DOLOMITE RS
(pebbly mudstone, < 44 1 STONI
g § med. 1t. gy.) = 05— a5 55: 1-30, 45 cms
1 55: 1-5 em 1 I 40-45% clay
PEBBLY MUDSTONE = dom, Tith. 53% dolomite 20-25  quartz
w = Clasts deformed, smeared & 310 carb, unspec. 1.0-] 10-20  forams
G| g 15 elongated, density of clasts 10 clay 10 sil. unspec.
8 |e lw—increases towards base of 2 quartz w chert?)
= ]y core; no clasts between 1 forams W 55: 1-30 em)
> || % Sect. 2-90 & 100 cms in a a 3] | 2 B0 e
ur . C.
E £ § ;;vs) sequence of ol, gy. (5Y : 5 tr=l)  piedie P
2 ol . 2 & 2 feldspar
& [fP Matrdx: = 3 tr dol, [S5: 1-
2 MUDSTONE g 2 45 cm)
" % tr mic
- £C: frequent §s: 1-115; 2-97 cms a 96| tr co'l?nphana(?
Rp Fe |7 | opal-LT replaced 65% clay = (55: 1-30 em
cc radiolarians. 10-15  quartz = —]
6-10 carb, unspec, wl & HEE MUDSTONE = dom. 11th,
5-10  mannos 2 A In gen, an alt. sequence of mudstones,
8- 9 dolomite ED ce & some with faint lam, (1t. ol. ay., 5Y
1- 5  sil, unspec, 5/2) & some sequences burrowed (v, dk,
tr= 5 mica ;autm- B gy. brn., 10YR 3/2; grn. gy., (56 6/1);
genic?) gen, a dk. gy. brn, Wmn 4/2); lam,
tr- 3 forams dip ~15-17°. cerroded rads.
tr- 1  pyrite
tr . (55:
Piue. s HUDSTONE
tr  heavy mins,
{zircon? in 55: 2-96 cm
$5: 1-115 ca) 80% clay
e 10 nannos
Cacoy¥ 4 quartz
CARB, BOWB:  Sect. 2-92 to 9 cns 24 T i wnsec;
Sect, cc 15
1 mica
COLOR LEGEND
1= dk, grn. gy. 5Y 611

Explanatory notes in Chapter 1

*Thin-Section (1, 13-15 em}:
${1{cified claystone with (XRD)
common opal-Ct, XR-amorphous
matter, calcite, and quartz.

Cama rC %

LECO: Seet, 1- 35 cms 23
CARB, BOMB: Sect. 1- 37 to 3% cms 22
Sect. 2-103 to 105 cms 15

COLOR LEGEND
1 = very dk. gy. brn.
2 = dk. gy. brn.
3 = gy. brn.

arg |
2.3

10VR 3/2
10YR 472

10YR 5/2

L6E ALIS



a SITE 397 HOLE @ CORE 27 CORED INTERVAL: 1229.5-1238 m SITE 397 HOLE & “’,E. 29  CORED INTERVAL: 1248.5-1258 m
FOSSIL FOSSIL
£ ZONE|C aRACTER z 5 ZONE|C ARACTER J 5,
Jr— “ = - Z =
¥ 2wl |8] 2| srarHIC - 2|la| |B] 2| orarHic
o ; 3 g‘ ‘ g = E LITHOLOGY & LITHOLOGIC DESCRIPTION o z s = 2 'G E LITHOLOGY §! LITHOLOGIC DESCRIPTION
MHHEHEHBHE 2223 MFHEHHBEE 23
ngﬁ; S 2| 2|4l &lZ e
PEBBLY MUDSTONE = dom, 1ith, M £ - PEBBLY MUDSTONE = dom, 11th,
Clasts def, - lenticular stretched, often I = ] |9 g Clasts completely streaked & distorted,
o to produce a migmatitic texture; sdier, = . = ] |¥ clast's size range from 0.5 to 1.5 cms;
= |Rp portions (Sect. 1-15 to 20 cms, Sg 478 = ¥ cAl cC ] o (¢ opal LT replaced rads.
i 61 cms), dips of vague lam, 18 to 25°. E & [Fe{Re |
£ B = MUDSTONE
8 1, % 5 {taken from both matrix
2 E Thd Matrix: 8 & clast-55: 1-17 4 &7
o) - CLAYSTONE & cms, respectively)
)
g 'é $5: 161 8 $5: 1417, 27 em
g 5% clay Thin-Section (CC) SILICIFIED CLAYSTONE 64-74% clay
= —] 15 nannos XRO 15-20 nannos
e e 9 carb. unspec. opal-CT 4- 6 sil, unspec. (chert?
4 quartz caleite or v, fn,-grained
1 pyrite quartz metaqtzite frags,)
tr  mica mont. 3- 6 quartz
2- 4 carb, unspec,
CaC0,x € % 1 pyrite (55: 1-17 cm)
st T 1 mica (55: 1-17 cm)
LECO:  Sect, 1-89 cms 15 0.7 tr forams (S5: 1-27 cm)
CARB, BOMB: Sect. 2-33 to 35 cms 22 tr dolomite (55: 1-17 cm)
COLOR LEGEND tatnal
1 = grn, blk, 56 2/1 CARB, BOMB:  Sect. 1-40 to 42 cms 19
2= 1t, bl. ay. 58 7/1 Sect, 1-68 to 70 oms 14
3 = dk, gy. ben. 10YR 472
4 = dk. gy. LS i
SITE 357 HOLE & cORe 28 CORED INTERVAL: 1239-1248.5 m
[oa FOSSIL
E =
fom CHARACTER| g o
" Z| st
- u|Z[ o] |2 & cRarHIC lozze LITHOLOGIC DESCRIPTION
S 12| 83| 2|8 |G| & |vmmorooyizalane oec
< ] - ol = =5joe
2z 2e ; " E
. e it = )
EHEP
r Alt, sequence of burrawed sed. with
Tam. & homog, mat’l. often burrowed
only in its upper portion; numerous
o intercalated si1t & sandstone Jayers;
= — dips of 22-24" in Sect. 2; si1t & sd,
1 layers 1 to 10 cms thick; colors
varfable: burrowed mat'l. dk. grn.
u gy. (56 4/1), v, dk. gy, (10VR 3/1)
= LA wht. more homog. non-burrowed por-
= o — tions dk. brn, (10YR 3/3) to v. dk.
= g = gy. (10YR 3/1); in gen. the sed. is
£ ar
-
3] |% H
§ 2 - CLAYSTONE CALCAREOUS MUDSTOME
5 — (homog. sequence)
A = 55 ‘“"";"" §5: 2-116 cn
BBE clay
8% clay
‘g :‘::::: 18 quartz
B—{Rm|am{ [CC tr carb. unspec. :I[g 3:?3::&
XRD_(CC): SILICIFIED CLAYSTONE tr o 10 carb. unspec.
] r pyrite
1-6T 3 feldspar
:ﬁa i tr sponge spics. Y mica
-amorph. m.
montmorillonite {eomnon) tr pyrite
f14te
Cdm!! l'.m,!S
LECO:  Sect, 1-137 cms 10 0.3
CARB, BOMB: Sect. 1- B0 to 82 cms g

Explanatory notes in Chapter 1
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SITE 357 HWOLE »  cORE 30 CORED INTERVAL: 1258-1267.5 m
FOSSIL
E
Ton CHARACTER| g
w ol o Z[2]a] |3| & | crarHic LITHOLOGIC DESCRIPTION
2 z g b I E LITHOLOGY 22
2 Z|2|¢ H rla2=!
ol 3|z
ils -
QUARTZ WUOSTONE = dom. 11Eh,
Faintly lam., no apparent grading: lower 15 cms a dk. grn.
qy. (56 4/1) with a suggestion of some grading; lower con-
- tact has flame struct.:
1
£

Rp

EARLY MIOCENE
Decoaster druggl

Rpd

-

Pebbly mudstone; clasts QUARTZ MUDSTONE

elongated  to bedding;
clasts numerous (~90% §5; 1-30 cm
over matrix (~10%). 555 quartz
25 carb, unspec,
Alt. sequence of 17 clay
B burrowed layers; 3 mica
homog, Tayers; & tr  nannos
= thin silty layers,
2 such sequences
apparently present MUDSTONE
(see below): 55: 140 cm
3 ¢ 585 clay
25 ¥ X X Xt——burroved 20 nannos
8 quartz
|m—homog, 6 mica
== e—faint lam, 3 carb, unspec,|
2 forams
thin silt 2 feldspar
layer 1 pyrite
1 sil, unspec,
tr  dolomite

QUARTZ MUDSTONE
551 172 em

428 quartz

20 nannos

15 clay

4  forams

4 carb. unspec,

3 feldspar

2 pyrite

tr  mica

tr glaue,
EaCDBS tnfg’

Sect, 1-82 cms 14 0.6

Sect, 3-35 to 36 cms 24

COLOR_LEGEND

v. dk. gy. brn.

dk. grn. gy.

v, dk. gy.

dk. gy.

LECO:
CARB, BOME:

10VR 3/2

56 4/1
10YR 3/1
10R 4/1

SITE 397 HWOLE A CORE 3]  CORED INTERVAL: 1267.5-1277 m
SSIL
zone| FO
CHARACTER| =
w F4 -
F] O| = | GRAPHIC |25
w =
o 2 'é § <8 = E LITHOLO G 2/ O LITHOLOGIC DESCRIPTION
< : @ § w| = Ol
HEEHRE 2
2|2 gl & S
T .
5 Homog. muddy 511ty mudstone with oecc. wht. streaks.
g 1
w R
i} . Sdy. mudstone-pebbly mudstone; fewer clasts {up to
§ B i - 4 em) matrix contains poorly-sorted sglta. of plnk°
= = 4 purple qtz, sd, & granule-sized grains; dip ~21
s, 5 2 from faint lam.
E‘ ] o
& 5 2 : CaC0,%
g 4 CARB, BOMB: Sect. 1-15 to 18 cms 17
6] &
] a COLOR LEGEND
a 1=y, dk. gy. brn, 10YR 3/2
o 2 =o0l. gy. 5Y 3/2
Rp cm o |

C
(RN

dk. grn. gy. 56 4/1

Explanatory notes in Chapter |
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vh SITE 337 HOLE CORE_ 32 CORED INTERVAL: 1277-1286.5 m SITE 337 MOLE 4 CORE 33 CORED INTERVAL: 1286.5-1236 n
SsiL
B zone| FO z Z0ME|
c“"‘;““l 8| 2| orarnic [EEE 8l 2| orarm
"™ a = 2 - ol & c
o % § § < 2 S| & | uHotoey ";’J% LITHOLOGIC DESCRIPTION 6|2 - £l 8 | iiioioer LITHOLOGIC DESCRIPTION
< =3|£501 < z o
FHEEH = R | £ Gl E
< ; E 1 = | = L
HEEHE =3 HE
i PEBELY MUDSTONE = dom, 1ith.
o = Clasts stretched, streaked, smeared,
= PEBBLY MUDSTOME = dom. 1ith, = pulled apart (boudinage), imbrication
|-=——~Clasts of shale & mudstone; numerous " L suggests 207 dip; 110-120 ems (Sect.
: atz. granules; no apparent dip. £ B " 1) burrowed (part of a large clast?).
gl (£
1 = 3 1 Matrix:
w <% 5 g HUDSTONE
e L]
2 ; R s§: 1-70, 103 cms
= : & 40-55% clay
= & 30-40 quartz
£ £ rp] |Red |C€ nannos
g 5 carb, unspec.
@ 2 - 2-3  forams
= —=—Calc, mudstone 2 opal(?) 5S:
= 4 1-103 cn)
oy — tr- 2 feldspar
§ = Mudstone; lam.; upper portion 1 pyri tE
5 3 a o). gy. (5Y 3/2); 27° dip; tr- 1 dolomite
rpd 2 |Ca cc! Tower 25 cm inversely then tr- 1 glauc.
" normally graded with opal-CT tr  heavy mins.
replaced rads and clinoptilolite- (magnetite;
filled forams. CALCAREOUS MUDSTOME zircon - 55:
1-70 em -
55¢ co tour.)
22% clay
20 forams COLOR LEGEND
20 quartz 1 = med. bl. gy. 5B 5/1
15  nannos
15 carb, unspec,
3 glauc.
3  pyrite
1 zeolite
1 heavy mins,
(magnetite;
tour.)
Ca003! Cw : 3
LECO:  Sect. 2- 55 cms 5 0.7
CARB, BOMB:  Sect, 1-100 to 102 cms 4
Sect. 2- 65 to 67 cms 6

COLOR LEGEND

1 =g, blk, 56 2/1
&= dk, grn. gy. 656G 471
3 =gm, ol. 1oy 472

Explanatory notes in Chapter |
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SITE 397 HOLE g CORE 34  CORED INTERVAL: 1296-1305.5 m SITE 397 HOLE A corRE 35  CcoOReD . 1305.5-1311 m

FOSSIL FOSSIL
TONElcw aracTER = ZONE|C  ARACTER 3 =,
w A " g
w 2 S| & | crapHiC |2 o| 2| craPHIC |paiz%5
2 g § g :'2‘ :; E LITHOLOGY LITHOLOGIC DESCRIPTION § g § = ‘5 5 E LITHOLOGY E._g: LITHOLOGIC DESCRIPTION
HEEEHHBE S HEEEHHEE S ég‘
E Zz|lal&|Z 2 z|l2|&|Z B |mnl S|
al g QUARTZ MUDSTONE = dom, 1ith, . QUARTZ MUDSTONE = dom. 1ith,
i ] | 7 Alt, sequence of med. 1t. ay. (N-6) &
gg ;\;: : § Hud&tnne; lam,, becomes silty & sdy, towards base; dip voI0 yg]]g.?gh ay. (5Y 7/2) layers, nhole
S Ha .I ~30° dip; basal portion med. dk. gy. (H-5, €). 05 thickness varies from 2 to 20 mm at
R 1 regular intervals of 10 to 20 cms;
. I Rp4 dip ~10°,
I :p' ] : | Alt. sequence of med. dk. gy. (N-6) & thin yellowish gy. 1
— 94 2 (5¢ 7/2) layers, the latter occur in almost a rhythmic Dk, gy. layers Yellowish gy, layers
< N panner at 5 to 15 cm intervals - 15 such layers in this QUARTZ MUDSTONE SIDERITE
g | Elede » core (see below).
ol Bl Bt e HE: " $§: 3-12 ¢m SS: 2-48; 3-44 cms
X - Ly 4
CRERE 2o X H ’ 431 505 clay 80-85% siderite
= ;i 8 = - 0 quartz 10 clay
= [af= 1 Mk, ay. layers Yellowish gy. layers g 515 - 2 g nan:os ti-? auaﬁz
2 | — - carb. unspec. r= pyrite
= | Rp ! QUARTZ MUDSTORE DOLOMITE alg)d tr- 5 mica tr- 1 fish debris
ss: 1-102; 2-27 ems s§: 225 em Eld]a tr  nannos
& HE | dolomite tr  forams (S5:
40-50% quartz 881 dolomite 2= & 1 pyrite 3-44 cm)
35-50 clay 10 quartz 5 s :é 3 1 fish debris tr  mica (SS:
2- 5 carb. unspec. 2 heavy mins. £ls . tr  heavy mins, 2-48 cm)
(magnetite) 2 e+ (zircen; tr  glauc. (S5:
1- $ ;z:::‘g:; < 44 amphibole) 2-48 cm)
1 mica (auth.?) R 3
LA %-m =] i e
1 fish dabris Siderite layers at:
o (85: 2~$? cm) Sect, }ig' 13, 61, 72, 83, 93, 102.5,
r- heavy mins. 139 cms,
(tour.: zircon; R Sect. 2—3: 9, 19, 21, 43, 48, 68, 74,
smphibole P4 84, 125, 127, 131, 143, 145 cms,
Sect. 3-10, 20, 25, 31, 44, 66, B7,
g3, 112, 123, 143 cms.
sl el lee Sect. 4-8, 10, 17, 22, 24, 49, 68 cms,
Dolomite layers at: Eﬂ’. c°!ﬂ=
Sect. 1-78, 95, 104, 134 cms LECO:  Sect. 3-44 cms 2 n.4
Sect. ag.?gi.ggﬂ.ig. 51, 59, CARB, BOMB: Sect. 3-53 to 55 cms a
» 1By 33, cms
C=E03!.
CARE, BOMB:  Sect, 2-18 to 20 cms n
Sect. 2-67 to 69 cms 13
COLOR LEGEND
1= ol. ay. 5Y3/2

Explanatory notes in Chapter |
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SITE 397 HOLE 4 core 36 coRep INTERvAL: 1311-1316 SITE 357 HOLE »  CORE 37  CORED INTERVAL: 1315-1324.5 m
FOSSIL ZONE FOSSIL -
ZONE| o ARACTER wl= ONE | ARACTER ozd,
2] 13| £ crarHic loio=a 2[.1 18] 8| erapnic |o2fs=z
ol=l3 3 Zls &2 | orheiosr B LITHOLOGIC DESCRIPTION P § 2la = Bl e 5_2,: LITHOLOGIC DESCRIPTION
a |%| 2| = =|z 2 £ Zuoz] < i 5 HE ol £ £30%
3 5 2 2|z e _:_;f =z 2|z pee Bz
HEIFEPE HERES HEIEME e
GUARTZ MUDSTONE = dom, 1ith. e QUARTZ WUDSTONE = dom. 1ith.
En 21 Alt. of mudstones & siderite as prev, noted -
Alt. of mudstone & siderite as noted previously. some uyncompacted small burrows (<2 mm in dia-
¢ meter) 135-136 cms (Sect, 2) filled with pyrite;
1 QUARTZ MUDSTONE = siderite layers are usually <1 cm thick.
55: 1-21 cm ‘.:“
t S0% guartz 3 QUARTZ MUDSTONE
- 4? c1:: i o 55: 1-26 om
s carb. un w 3
3 tr  nannos £} 50% quartz
5 tr  siderite - 4§ ﬂ:ﬁ
5 o
ﬁ e § 2 Rp4 2 carb, unspec.
& § é Silty 1nten1rva1 1  nannos
=) Siderite layers at: = < ———aoverlying lam. tr  pyrite
§ 2 Sect, 1-3, 13, 32, 54, 63, 64,=77, " interval, tr  fish debris
) @, 107, 110, 115, 121, 126, il
o 136 cms. b
Sect, 2-14, 20, 46, 56, 68, 137 cms. 5
@ Sect, 3-4, 10, 26, 56, 61, 75, 84 CALCAREQUS MUDSTONE
cms,
= o Sect, 4-6, 10, 16, 18, 24, 36, 40, G §5: 2-61 cn
E 49, 0, 64, 87, 109, 115, i 457 quartz
] 126 cms. 30 carb. unspec.
' Sect. 5, 10, 17, 34, 40, 58, 64, 68 20 el
= 3 cms, cc., 5 pyrite
3 tr nannos
tr  siderite
tr  mica
Callys €y 0% o] |
? LECO:  Sect, 4-47 ems 4 0.4 3 )
F o CARB. BOMB: Sect. 5-22 to 25 cms 5 Siderite layers at:
P I sect. 1-18, 33, 65, 87, 106, 108
110 ems,
- 1 Sect, 2-13, 21, 40, 95, 100, 122,
4 1 147 cms,
I Sect, 3-12, 27, 67, 90, 9, 110,
=t 118, 123 cms.
| CaClyy G 0%
! LECO:  Sect, 2-6] cms 15 0.4
"p ; CARB, BOMB: Sect. 2-84 to 86 cms 13
B4 [Rp

Explanatory notes in Chapter 1
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SITE 397 HOLE A cORE_ 38 CORED INTERVAL: 1324.5-1330.5 m SITE_397 HOLE CORE_ 39 CORED INTERVAL: 1334-1343.5 m
FOSSIL FOSSIL
IONE > IONE >
CHARACTER| ol ™ CHARACTER] 2| = - N
It} 8 3 Z[o] [8] & | orammic l2E=s LITHOLOGIC DESCRIPTION Ylula ?g gl |2 & | SRafHic 3. LITHOLOGIC DESCRIPTION
o |2 ol 2| £|g| || & |uTHOlOGY Zxlurins FRE{R: 18| |G| & | vwHoLoGY[Exlces
< (2| Z ) Tk ol = =21E50a < Z| 2 2|z wl FE =t
= Zjx|2 E o Enzg ol <| = - pr= =1
2| 2l dlalz e HE IR B
] QUARTZ MUDSTOME = dom, 1ith, B QUARTZ MUDSTONE = dom, 11th,
i I Alt. of mudstones & thin siderite Jayers;
Alt, of mudstone & siderite, 4 mudstones a med, dk. gy, (N-6) & siderfte
5 é £l a yellowish gy. (5Y 7/2).
g 1 | Z
art B §5: 1-139 ams = — T§ SIDERITE QUARTZ MUDSTONE
g : Marly LS clast 45% carb. unspec, g ' 55: 1-43 om 55: 1-50; 2-48 cms
with blk. irre- 35  clay 50t cla 35-85% siderite
? | i gular fam. ’(see 15 quartz w — 30 quaitz 35 nannos (55:
=] ) 55 descrip.). 5 pyrite = 8 carb, unspec. 2-48 cm
E - = e 3 nannos 20 ‘c;nx 555: 2-
e ARTZ MUDSTONE =1 3 mica cm
Ed # ® 514 2 feldspar 5-10  carb. unspec,
i 3 2 55: 2-47 cm Fm 1 1 pyrite 5 quar
3 1 fish debris 1 mica
3 551 quarte 1 zeolite tr forams §ss
42 c}” tr- 1 heavy mins. 2-48 cm;
. o %! :y:?t: (magneti te;
ce tr  nannos tour.; apatite)

tr  auth, carb,
tr  carb. unspec.

Siderite Tayers at:
Sect. 1-27, 34, 63, 100 cms.
Sect. 2-12, 38, 58, 70, 92,

0 cms,
c;maz cor 1
LECO:  Sect. 2-98 cms 3 0.5
CARB, BOMB: Sect. 2-50 to 52 cms 3

Explanatory notes in Chapter 1

Intercalations of thin well-indurated sdy. silt
layers, sometimes with x-bedding, always with
Tam.; med. gy. (N-6).

Cale, mudstone with forams, shell frags,
(pelecypods) & 1 ammonite,

HUDSTONE
Thin-sect. (aver. grain- §5: 2-35 em
size: 0.06-0.12 lmg: 37% clay
55; 1-95 to 97 cms 30 guartz
45% calcite cement 230 :;:255""”“'
4% awriz 2 siderite
3 feldspar 1 forams
2  muscovite 1 pyrite
1. ‘magnetia 1 organic mat'l,
1 qtzite. rock i wica
frags.
tr  biotite o ?i::{ ';1"5‘
tr  chlorite e
tr  glauc,
tr  zircon
tr garnet
tr  sphene
tr  tour.
Siderite layers at:
Sect. 1-51, 73, 81, 90, 108,
112.5, 120 cms.
Sect, 2-3, 31, 37 oms.
207 forg
LECO:  Sect. 2-16 oms 2 0.4
CARB, BOMB:  Sect. 1-57 to &0 cms 5
COLOR LEGEND
1 =1t, ol, gy. &Y 5/2

L6ETLIS



n SITE 357 HOLE o CORE %0 CORED INTERVAL: 1343.5-1353 m
& e| FOSSIL
ZONE| W ARACTER o sl=d
w z|Tw
i g 2l.] 18] 2| srarHIc |o3Z LITHOLOGIC DESCRIPTION
6|2l 8|2« =| & | utHoloey ,§‘.’ :
< z a | = p=
HEHEEHEE ZEE
2l | 2l&l=z B
! 19 QUARTZ MUDSTONE = dom, 11th,
8 Alt, series of mudstones & siderites, the ol.
ay. (5¥ 3/2) to brn. gy. (5YR 4/1) mudstone
contain numerous mm thick lam, of clay &
1 silt-sized sed., the latter have sharp con-
tacts; lam, are the same color; the dolomites
- also contain numerous 1 mm thick lam., which
= F are also the same yellowish gy, color (5Y 7/2)
= Ly as the siderites,
fiv |
g =k
=]
d ] 3z
= : QUARTZ MUDSTONE SIDERITE
-
Rp 2 55: 1-19; 2-32; 3-13 cms $5: 2-18, 102 cms
38-50% clay 83-877 siderite
02 30-40  quartz 0 clay
-8 mica 3- 5 quartz
3- 5 carb. unspec. 1 mica (55:
1- 5 fish detris 2-18 cm)
13 1-5 nrqan‘f:(mat'}.
B Rpd 3 nannos (55: 1-
= 19; 3-13 em)
2 feldspar (55:
1-19; 3-13 ¢m)
1 forams (S5: 3-
13 cm)
1 heavy mins.
(tour,;
magnetite)
1 gqlaue, (55: 2-
2; 3-13 em)
1 pyrite (55: 2-
32; 3-13 cm)
tr zeolite (55: 1-
19; 3-13 cm)
Siderite layers at:
Sect. 1-28, 47, 72, 83, 106,
119 cms,
Sect. 2-5, 19, 22, 67, 102,
103, 114, 117, 123,
139, 147 cms,
Sect. 3-3, 6 ems,
Cacﬂal Cﬂ:Ii
LECO:  Sect. 2-59 cms 4 0.6
CARB. BOMB:  Sect, 2-42 to 44 cms 6

Explanatory notes in Chapter 1

SITE 357 HOLE A CORE 4]  CORED INTERVAL: 13531325 ¢
E FOSSIL
£ou CHARACTER = N
wn 2
o = GRAPHIC ]
° AHERRE LITHOLOGIC DESCRIPTION
Ol
° 1% 8|32l8| |5 £ | utHolo oy [ZElE G
HEEHEREE c=2z
2| 2| | 4|2 =
CLAYSTONE = dom. Tith.
As described in prev, core - alt, sequence of
claystones & siderites (sideritic claystone)
fp-| both with numerous small lam.; portions here
are burrowed, burrows are flattened.
CLAYSTONE
=
B 3
= -] §5: 2-108; 3-15 cms
o e
= i 90-524 clay
2 142 3- 5 carb, unspec,
ES 74 2- 5 pyrite
w : 2 quartz
= = tr- 1 nannos
- CJ tr dolomite (SS:
97 3-15 em)
1 tr wol, glass .
(55: 3-15 cm)
tr fish debris
15
R CA SIDERITIC MUDSTONE

55: 2-97 om
59% clay
40 siderite
1  quartz
tr  carb. unspec,
tr  pyrite

Siderite layers (sideritic mudstone) at:
Sect, 1-11, 35, 56, 95, 121 cms,
Sect, 2-10, 64-66, 93-98 oms.

Ca[l]35 Cm_ 4

LECO:  Sect, 2-81 cms B 0.4
. BOMB: Sect. 2-48 to 50 cms 5

COLOR LEGEND

1= grm. gy. 56Y 5/1
£ = grn. ay. 5GY 6/1

L6E ALIS
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Explanatory notes in Chapter 1

SITE 357 HOLE A CORE 47 CORED INTERVAL: 1362 5.1472 o SITE 397 HOLE A CORE # CORED 1381.5-1384.5 m
FOSSIL FOSSIL
ZONE | aRACTER = ulEd, AN cHARACTER z 2,
] w 4 W] ] =
- F] 0| = | GRAPHIC 5 R o Z 3 w| |2] = | GRaPHIC ]
2 ; § 5 : g s E LITHOLO GY | g: LITHOLOGIC DESCR ‘3 z g g G E LITHOLO GY ?_g.: LITHOLOGIC DESCRIPTION
= |
=z§22 w = BN sz Ei al = Z%gﬂ
< < = i e =
2| z|d|s|Z b Z|d|a e
QUARTZ MUDSTONE = dom. 1ith, QUARTZ MUDSTORE = dom, 1ith.
Alt, sequence prev, described; siderite & Alt. mudstones & siderites.
mudstones both containing numerous v. thin
- (<1 mm) Tam,: R 50 QUARTZ MUDSTONE
1 -
= i % 3 $8: 1-60; 2-24 cms
=l (% 2l |3 3045 e
= ] i = quar
Bl |= B 288, 0on £ i 1 pyrite (ss:
2 ] 45-75% clay 3 = 142 2-24 cm)
3 FCm 20-50 quartz = % tr- 1 carb. unspec,
i‘-‘ 4 siderite (55: = B 24 tr=- 1 fish debris
= & 2-88 cm) 3 o tr  nannos
tr- 3 carb. unspec, 3 tr  siderite
2 1-2  pyrite g tr  plant debris
agl tr nannos & (55: 2-24 cm)
tr  fish debris
" Siderite 1 £
el Ir er ayers at: ad |r Siderite layers at:
P lec Sect. 1-87, 88 cms. L Sect, 2-34, 43 cms,
Sect. 2-44, 114 cms. Caco.x C %
%% Corg
CaCOy%  Copgt - LECO:  Sect. %-g: s 1 0.7
e . BOMB:  Sect, 1-24 to
LECO:  Sect, 2-114 cms 45 0.5 cms 2
CARE, BOME: Sect. 1- 27 to 30 cms 7 COLOR LESEND
1 = med. gy. brn, 5Y 4/2
1) 3g7 HOLE 2 CORE_43 CORED INTERVAL: 1372-1381.5 m ¢ = med, oy, brn, 5Y 3/2
FOSSIL
m“cuancglg gl
w z| Sl
R
5zl 8 E HEE o oot S LITHOLOGIC DESCRIPTION
HHEHHHBEE =2
w
5 3 = 5 SlrmE
e - v —swn
143 QUARTZ MUDSTONE = dom. 'Ift
Alt. sequence of mudstones & siderites,
' Only occ, lam,
7
1 72 DOLOMITE QUARTZ MUDSTOME
= E S5 1-70 em S8: 1-75; 2-20 cms
= -}: 90% siderite 55-59% clay
= S 10 clay 30-35 quartz
=S 8 tr pyrite 3 mica (55:
§ @ tr fish debris 3-20 em)
= 2 tr- 2 nannos
m k3 tr- 2 carb, unspec,
'5 = 1 feldspar (55:
il 3-20 em)
4 1 pyrite
E te- 1 fish debris
Siderite layers at: o gl;gc‘.mgsﬁi
sect. 1-11, 26, 70 cms. tr  organic mat'l.
Sect, 2-16, 54, 75, 120 cms. (S5: 3-20 cm)
20 tr  zeolite (SS:
3-20 em)
tr  heavy mins.
(55: 3-20 em)
tour,; apatite;
zircon,
COLOR LEGEND
1 = wht, 5Y B/1
2 =dk, ol, gy. 5Y 3/2

L6E ALIS
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CORE 45 CORED INTERVAL: 1384.5-1391 n
-)-
21T 18] 2| crarmic 28
@
M E] w =| w O LITHOLOGIC DESCRIPTION
2 | © : g E 'g" LITHOLOGY =Uaz]
HEEEHRE =2
2 ! : - F=q bt e
] MUDSTONE = dom, Tith,
41 Alt, of mudstones & siderites, except
40| once again both contain numerous thin
05— 1A Tam,
a i
:: 1 3 | MUDSTONE
1.0 ! 551 1-40; 2-26 oms
= | 60-68% clay
w - e 25-30 quartz
K =1 1 3- 5 mica
= = ] 0 tr- 3 fish debris
= a | tr- 3 organic mat'l.
= ? a 1us 1 nannos
= ; a tr- 1 carb. unspec.
2 3 2 [ tr- 1 Siderfte
o kA ] tr- 1 glaue,
= b ° tr- 1 pyrite
= K Rp- 3 tr forams (S5:
5 2-26 cm;
E i1 tr heavy mins.
&5 1 (apatite;
Rp i tour, )
hd tr zeolite (SS:
B4 @ 1-40 cm)
Siderite layers at:
Sect, 1-13, 29, 37, 52, 56,
61, 71, 90, 125, 136 cms.
Sect. 2-7, B, 18, 25, 43, 78,
101, 126, 131 cms,
Sect. 3-9, 14, 21, 33, 43, 53,
60 cms.
tntﬂal Cn i
LECO:  Sect. 1-72 cms 2 0.7
Sect, 2-45 cms 1 0.7
COLOR LEGEND
1=1t, gy, 5Y7/2
2= oy, N-5

SITE 357 HOLE CORE 45 CORED INTERVAL: 1391-1400.5 m
RLL
20N FOSSIL o
CHARACTER
F] 8| 2| crarnic
; ; s i < i - LITHOLOGY LITHOLOGIC DESCRIPTION
< z = el g =
z|2|o|Z| |%| = 52
HIFIE = EN
= PUDSTONE & NANND MARLSTONE = dom. 14th.
Alt. sequence of mudstone & siderite, siderite layers 2-10 mm
thick with one (Sect. 1-74 cms) having graded siderite clasts
™ (7)s both sed. types have numerous Tam,
SIDERITE HUDSTONE
7 §5: 1-67 em 55: 2-580 cm
95% siderite 55% clay
7 3 quartz 5 quartz
1 carb. unspec. 5 mica
1 fish debris 5 fish debris
3  carb, unspec,
3  organic mat'l.
. Ro 2 pyrite
E 1 nannos
- 1 feldspar
. = EOL! 1 heavy mins,
z 3 2 (magnetite;
= S tour,)
5 5
= " "
] 3 @ Changing to a mudstone Then changing to a sequence
= ::: ! with more dolomite; also  of 0.5-2 ems thick claystone
w = | with 1 ammonite: layers in a:
= 5 Am | MUDSTONE E&LCN.J[U.IS MUDSTONE
i 35 2-60 ca §5:  3-20 cm
N A |1 ‘571 clay 5By
| 5 25 siderite %" mnnos
3 10 hannos 5 siderite
I 3 carb. unspec.
3  quartz 3 "
I 2 carb. unspec. Rk
1 3 pyrite
| pyrite 1 aquartz
] 1 Hehdenris r  fish debris
' 1 organic mat'l, L
tr mica
tr  heavy mins.
fop (tour.)
Then becoming more calc.
4 with "specks” of Hanno-
conus, more x-bedding i
B A Sect, 4-2 to 4 cms, n-sect.:
19 jec NANND MARLSTONE 51 1-7 to 10 ems

* Abundant well-preserved coccoliths
common planktonic foraminifera
{Hedbergalla
Abund well-r

Explanatory notes in Chapter 1

Abundant well-preserved col
Abundant well-preserved coccoliths
comnon planktonic foraminifera
(Hedbergella ssp.), benthic forams,
echinoderm and mollusk fragments

(ammanites, pelecypods, gastropods).

55: 4-85 cm 763 siderite Sam. grain-
45% clay size <Sum
25 nannos 16 clay mins,
20 dolomite quartz (avg. grain-
5 mica size 40,05 m
3 carb. unspec. 3 calcite
1 quartz tr muscovite
1 pyrite tr magnetite
. tr fish debris tr fish debris
Yellow-gy. cale.
rudstone layers Siderite layers at:
at: Sect, 4-43 Sect. 1-23, 28, 30, 39, 57,
& 75 cms, €8, 74, €8, 99, 108,
Claystone layers at: 112 ems.
Sect. 3-13 to 15; 32 Sect, 2-22, 27, 36, 42, 61,
to 34; 53; 78 71, 85, 122 cms,

to 81 cms. Sect, 4-7% cms,

k-bedding between:

Sect, 3-86 to 80 cms, C_B‘:-Pi .tiﬂf
LECO:  Sect, 3-100 cms 12 0.5
CARB, BOMB: Sect. 3- 83 to 85 cms 22
COLOR LEGEND
7 = med, b1, ay. 5B §/1
2 = dk. grn, gy. 66Y 4/1

L6E AL1IS
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1 = dk. arn. gy. 56 471

Explanatory notes in Chapter 1

SITE 337 HOLE CcORe 47 1400.5-1810 m 397 HOLE CORED INTERVAL: 1410-1419.5 m
[ Tzone SSIL IONE >
CHARACTER ™
z| o 2.1 13| & 5
s w a 3 -] '9_ ;<) LITHOLOGIC DESCRIPTION ; § g < =8 O LITHOLOGIC DESCRIPTION
w |
NEHEHHREE HEEHHBEE ed
. . i = o]
HEIEP ; HEE =4
MUDSTONE = dom. 1ith, = MUDSTONE = dom, 11th,
At. of mudstone, nanno marlstone, & siderite; = Mudstones & siderite sequences; lam. as
FCp- numerous v. fn. lam., varve-like (e, g. 1-12 cms, = described for C.47, but here with Tess
2, has 9 varve couplets) with individual Sect. = intense burrowing; siltier layers Sect.
lam. 30.25-0,50 cm thick; small Helminthoid = % = 1-24 to 26, 49, 83, 114 cms; Sect, 2-24
burrows mainly in more clay-rich lam. so = o = to 26, 56 to 58, B85 to 88 oms. Entire
that lam. texturs is not disturbed; some = o . saque!:l:e is hiorl.urhated.
siltier intervals, ] k- —
B =
g & =
MUDSTONE = 2 = Siderite layers at:
Rp = = = Sect, 1-24, 25, 26, 49, 89,
v $§: 1-15, 95 oms '3. = 114 cms. S be
2 = §7-708 ¢l % = Sect, 2-24, 25, 26, 56, 57,
= = ay =
=4 & 23 quartz g = 58, 85, 86, 87, 88 cms.
= B 2 feldspar =
= 2 2 fish debris = CaCl.%
E 2 2 plant debris 3
1- 2 nannos
= & LECO:  Sect, 2- 4 cms 3
= ] e g;:-‘?,;‘s"'t';gfc- CARS. BOMB:  Sect. 1-101 to 103 cms 7
2 Rp 1-15 cm)
] tr pyrite
o
Siltier layers composed of carb. mat'l;
v. fn.-grained; e.g.:
LIMESTONE
55: 4-46 cm
85% carb. unspec,
10 clay
4 siderite
R [ 1 pyrite
tr  mica
Siderite layers at:
sect, 1-142 cms,
Sect. 2-12, 40, 55, 68, 81,
84, 95, 149 cms.
Sect, 3-51, 52, 53, 74, 86,
94, 95, 96, 126, 127,
128 cms.
l:al:ﬂsﬁ Cm_ k3
LECD:  Sect, 1-54 cms 44 0.4
CARB. BOMB:  Sect., 1-22 to 24 cms 6
COLOR LEGEND

L6ETLIS
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SITE 307 HOLE 4 CO,E 43 CORED INTERVAL: 1479 61420 SITE 357 HOLE 5 CORE 50 cORED INTERVAL: 1429-1438.5 m
IONE FOSSIL - ZONE FOSSIL 4
CHARACTER| | gl CHARACTER| gl
= v z
] Of = | GRAPHIC |oa|2%5 F Of = | GRAPHIC I
° o 8 i = E LITHOLO GY ‘;uk LITHOLOGIC DESCRIPTION ° 2 § g ‘ § = E LITHOLO &Y O LITHOLOGIC DESCRIPTION
NEHHEEHBEE = NHEEEHREE =
% < : " )
HEIERG i HEIEIME HEEE
! MUDSTONE = dom. 11th, —1 QUARTZ MUDSTONE = dom, 1ith,
= Alt. sequence of mudstone (ved. dk, ay., N-E) & =k Gen. a mudstone with deformation struct. (slumps,
| siderites (1t. brn. gy., 5YR 6/1); siderite seq- 34 folds) and isolated clasts of sed.; parts are lam,
=) uences occur as thin layers [me-thick); mudstones
] areé also lam. with lam. thicknesses to 3 mm often Rip
R | containing yellewish spots of siderite; siderite 1 QUARTZ MUBSTONE
= - lam. at Sect. 1-37, 89, 117 cms; Sect. 2-9, 18,
E = | 46, 68, 76 to 84, 91, 101, 109 cms; blk, lam, D,5 | 95 55: 1-13, 96; 2-5; 3-23 oms
= E 1 | mm thick occur in Sect. 1-121 and 135 cms; plece 20-65% clay
o (] g of wood debris found in Sect., 2-53 cms, 30-80 quartz
=2 & 5 mi : 4-5 cm
I ca (55: 4 )
B 5 NER ay 1- 5 feldspar (55 1-
E o Darker lam.: Lt.-gy. lam.: 96; 4-5 cm)
i = 1 MUDSTONE MUDSTONE 1-3 carb. unspec.
T & 62 1- 3  plant debris
7 i s5: 1-19.5 cm $5: 120 em 2 tr- 3 fish debris
) I E 50% clay 88% clay ::: : gi::::
} 3 otz 5. gquartz tr  forams (55: 5-
i = 5 mica P 2 nannos 5> 23 cm
1 3 fish debris 2 carb, unspec, A e
2 carb, unspec. 2 mica = . ;Ee;-;; ‘sﬁ‘ 1
1  pyrite 1 pyrite i = I & 44 : cm
tr dolomite tr organic mat'l, = 2 tr (cuy L ns._ i
tr heavy mins. = = 1, 2 o ;:wr.] ;gsdg em)
(tour.; =) |8 Fae alaie,” (551 4=6 cn)
apatite) '3 Ei Rp. 3 = Large nodule:
ford SIDERITE
= -
Lt, brn,-gy,: Yellowish speck: ™ 3 55: 1-34 om
SIDERITE STDERITE G 975 siderite
2 5| 2  guartz
55: 2-19 cm §5: 2-62 cm 1 plant debris
9%% siderite 70t siderite tr  pyrite
3 quartz 20 clay Hp.
tr-1 :ish desris 5 nennos g Homog. portion:
4 ins.
T (sagnetite] 2 carb. unspec. || SIDERITIC QUARTZ MUDSTONE
1 quarts — §5: 5-10 cm
1 fish debris = s
tr heavy mins, 7% clay
(tour, 30 dolomite
10 30 quartz
CaCozx% Co:g‘x 23 1 E_:::te
LECO:  Sect., 2-87 cms 8 0.6 R 1 fish debris
- tr  heavy mins,
Explanatory notes in Chapter 1 5 (tour.; zircon)
B ] Rp oe

CaCy%  Cy i!
LECO:  Sect, 5-11 cms 13 0.6
CARB, BOMB:  Sect, 2-29 to 31 cms T

COLOR LEGEND

1 = ol, blk. 5Y 3/1
2= dk. ol. gy. 5Y 4/1
3= gy. ol, 10YR 7/4
4 = dk. gy, N-3

L6t HLIS
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1448-1453 m (base of hole)

Explanatory notes in Chapter 1

site 39 MWoLE A cORE 51  CORED INTERVAL: 1438,5-1448 m SITE HOLE cORE 52 CORED INTERVAL:
M e =
zong| FOSSIL > zonE|  FOSSIL =
CHARACTER 2zl w - CHARACTER| - e
£ w Z) o
wlaly ? sl 2] & | SRATHIC bazog, LITHOLOGIC DESCRIPTION w | 3 2| [C] & crAPHIC loZizH3 | LITHOLOGIC DESCRIPTION
| © < g 5| & | VTHOLOGY Zaf 2% o | § =1 <l2 5| & | LTHOLOGY a2y 22
< <] w| ¥ = g;j < |3 2 =|Z 1 2|E90a
HEELEHBRE oIz HERIHHBE oloal=1
2| zZ|d|&|z e 2| Z| | &|Z i
MUDSTONE = dom, Tith, 10 QUARTZ MUDSTONE = dom, 1ith.
Rp Alt. sequence of mudstone & siderite; here deformed- As prev, described; a continuing sequence of mudstones
35 folded, faulted, and pulled apart (boudinage), with ¥ L siderites deformed, faulted, & folded; siderites gen.
erinkled & inclined Tayers; siderite layers a yellowish 05 mass, although a suggestion of mm-thick lam.; no ap-
1 %r. (5Y 7/2), and appear to be more massive and thicker 13 parent burrows (too deformed?). Some siderite nodules.
19, up to 2 :}ms as well as grouped }? Lhir.:er nacke;s {up pl? a0
to 10 cms) than in cores with similar mudstone-siderite
sequences noted prev.; some pelecypods in sideritic mud- 10 1 QUARTZ MUDSTONE
stones (e.g. Sect, 2); occ. lenses of pyritized organic ss: 110, 80: 2305 oo
matter; deformed burrows filled afther with siderite . By "
or pyrite; induration & deformation appear to fncrease ‘P 4 50-72% clay
down-cors. Some siderite nodules. = k] 10-35  quartz
= [ 10 3-10  plant debris
= e 3- 5 fish debris
SIDERITE e é 2-5 mica
2 55: 1-35 em 2 2 1- 2 carb, unspec.
b o Rp 1 glauc. (55: 2-
fip 651 clay =] B 30; cc)
20 quartz 5 i‘i 1 pyrite
. g cr::lril d:gssi:em K] tr- 1 nannos
- s g 2 tr  dolomite (S5:
2.5 plant debris i T 9090 en) {
2 mica N tr  feldspar (5S:
& } E:ri:ﬁ 1-80; 2-30 cm)
: T g tr  heavy mins,
Z R tr- 1 glauc, ot
= o 3 i tr  forams 3 cC
= 2 tr  heavy mins. tr  zeolite (55: 1-
& : (tour.) 0 cm)
-3
g B SIDERITE B Rp
gl |3 - fec—~
E 3 §S: §-19 em Siderita layers at:
ko Rp. 704 dolomite Sect, 1-90 to 93, 100 to 103,
i 110, 121 cms.
& 15 quartz H
- 10 clay Sect. 2-34 to 40, 54, &4, 8O,
2 mica 106, 126, 135, 143 cms,
L 1.5 fish debris Sect. 3-7 to 11, 20 to 23, 33
1.5 plant debris to 45, 50, 62, B3, B7 to
1 carb, unspec, 92, 110, 134 cms.
- yoIo tr-1 pyrite
CaCO,%  C, . 0%
e LECO: Sect. 3-%3 cms 4 0.8
CARB., BOMB:  Sect. 3-B4 to 86 cms 6
COLOR LEGEND
Rp i
P 5 siderite 1 =ol. qy. 5Y 3/2
; E ; 2 = med, dk. gy. N-4
deformation—
hej
Rp &
Catﬂai l:o &
8 P LECD:  Sect, 3- 4 ems 8 0.6
CARB, BOMB: Sect. 3-78 to 80 cms  §
COLOR LEGEND
1 = med, dk. gy. H-4
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