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DEBRIS FLOWS, AND SLUMP DEPOSITS OF THE QUEENSLAND TROUGH,

NORTHEASTERN AUSTRALIA (SITE 823)1

K.F. Watts,2 L.L. Varga,3 and D.A. Feary4

ABSTRACT

More than 2000 turbidite, debris-flow, and slump deposits recovered at Site 823 record the history of the Queensland Trough
since the middle Miocene and provide new insights about turbidites, debris flow, and slump deposits (herein termed gravity
deposits). Changes in the composition and nature of gravity deposits through time can be related to tectonic movements, fluctua-
tions in eustatic sea level, and sedimentological factors. The Queensland Trough is a long, relatively narrow, structural depression
that formed as a result of Cretaceous to Tertiary rifting of the northeastern Australia continental margin. Thus, tectonics established
the geometry of this marginal basin, and its steep slopes set the stage for repeated slope failures. Seismic data indicate that renewed
faulting, subsidence, and associated tectonic tilting occurred during the early late Miocene (continuing into the early Pliocene),
resulting in unstable slopes that were prone to slope failures and to generation of gravity deposits. Tectonic subsidence, together
with a second-order eustatic highstand, resulted in platform drowning during the late Miocene.

The composition of turbidites reflects their origin and provides insights about the nature of sedimentation on adjacent shelf areas.
During relative highstands and times of platform drowning, planktonic foraminifers were reworked from slopes and/or drowned
shelves and were redeposited in turbidites. During relative lowstands, quartz and other terrigenous sediment was shed into the basin.
Quartzose turbidites and clay-rich hemipelagic muds also can record increased supply of terrigenous sediment from mainland
Australia. Limestone fragments were eroded from carbonate platforms until the drowned platforms were buried under hemipelagic
sediments following the late Miocene drowning event. Bioclastic grains and neritic foraminifers were reworked from neritic shelves
during relative lowstands. During the late Pliocene (2.6 Ma), the increased abundance of bioclasts and quartz in turbidites signaled
the shallowing and rejuvenation of the northeastern Australia continental shelf. However, a one-for-one relationship cannot be
recognized between eustatic sea-level fluctuations and any single sedimentologic parameter. Perhaps, tectonism and sedimentologi-
cal factors along the Queensland Trough played an equally important role in generating gravity deposits.

Turbidites and other gravity deposits (such as those at Site 823) do not necessarily represent submarine fan deposits,
particularly if they are composed of hemipelagic sediments reworked from drowned platforms and slopes. When shelves are
drowned and terrigenous sediment is not directly supplied by nearby rivers/point sources, muddy terrigenous sediments blanket
the entire slope and basin, rather than forming localized fans. Slope failures affect the entire slope, rather than localized submarine
canyons. Slopes may become destabilized as a result of tectonic activity, inherent sediment weaknesses, and/or during relative
sea-level lowstands. For this reason, sediment deposits in this setting reflect tectonic and eustatic events that caused slope
instabilities, rather than migration of different submarine fan facies.

INTRODUCTION

Site 823 is located near the axis of the Queensland Trough, a
structural depression between the northeastern Australia shelf and the
Queensland Plateau (Figs. 1 and 2). Although this basinal site was
chosen to obtain a paleoceanographic record from hemipelagic muds,
more than 2000 turbidites, debris flows, and slump deposits were
encountered in 1011 m of middle Miocene to Holocene sediments
cored at Holes 823 A through 823C (Figs. 3 and 4). In this study, such
submarine gravity mass flow deposits are termed "gravity deposits"
for brevity. The Queensland Trough apparently served as the final
resting place for a variety of gravity deposits that were transported
downslope from both the northeastern Australia continental shelf
margin and the Queensland Plateau. Here, we consider variations in
the nature, composition, distribution, age, frequency, thickness, and
grain size of these gravity deposits. Our analyses of turbidite compo-
sitions provide insights into the history of the northeastern Australia
margin over the last 10.4 m.y.
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Of more general interest, we interpret the influence of tectonics,
sedimentation, and sea-level fluctuations on the composition and on
the nature of a variety of gravity deposits. Turbidites are generated by
the subaqueous downslope movement of relatively dense mixtures of
sediment and water as turbidity currents. They can be initiated by
slope failures or by sediment moving off the shelf during storms.
Slope failures can be initiated by inherent instabilities of thick accu-
mulations of sediments along continental slopes, or they can be
triggered by large storm waves, seismic shocks, or the movement of
other sediment gravity flows (Cook, 1979; Einsele, 1991). With the
lowering of sea level, terrigenous sediments may be transported
across emergent shelves, spill over the shelf edge, and move directly
downslope as turbidites (Vail et al., 1977; Shanmugam and Moiola,
1982; Posamentier and Vail, 1988). The shelf margin and slope may
also be destabilized by storm waves during eustatic lowstands. Thus,
turbidites and lowstand fans are thought to indicate periods of rela-
tively low sea level (Vail et al., 1977; Shanmugam and Moiola, 1982;
Posamentier and Vail, 1988). However, isolated carbonate platforms,
such as the Bahamas, produce more sediment during highstands when
banks are flooded, with a concomitant increase in calciturbidites
(Mullins, 1983; Droxler and Schlager, 1985; Boardman et al., 1986).
Other carbonate systems having adjacent sources of siliciclastic sedi-
ment (such as the Permian Basin) may have generated sediment
gravity flows during lowstands (Thiede, 1981; Shanmugam and
Moiola, 1984; Schlanger and Premoli Silva, 1986; Sarg, 1988;Dolan,
1989; Yose and Heller, 1989). The Queensland Trough is more
complicated and contains turbidites derived from a variety of sources,
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Figure 1. Map showing location of Site 823 in the Queensland Trough. Arrows indicate possible directions of transport of sediment from the northeastern Australia
shelf, the Queensland Plateau, and down the axis of the Queensland Trough (modified after Shipboard Scientific Party, 1991). Line shows approximate location
of the schematic profile shown in Figure 2.
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Figure 2. Schematic profile across the Queensland Trough showing location
of Site 823 (modified after Feary et al., 1990). Box shows the location of the
seismic line in Figure 13.

including terrigenous sediments from the Australian mainland and
local basement highs, and carbonate sediments from both platform
and pelagic sources. Platform drowning has been particularly impor-
tant in determining the composition and nature of gravity deposits
(see Schlager, 1980, 1981). In this study, we analyze the gravity
deposits of the Queensland Trough (Site 823) and consider their
relationship to tectonics, sedimentological controls, and eustatic sea-
level fluctuations (Haq et al., 1988; Wornardt and Vail, 1991).

METHODS

The excellent core recovery (92% recovery) and relatively con-
tinuous record of sedimentation at Site 823 provide an excellent
opportunity to determine the origin and significance of a variety of
gravity deposits. Site 823 is located near the axis of the Queensland
Trough in water depths of 1650 m (Shipboard Scientific Party, 1991).
In our study, the sedimentology of all the gravity deposits recovered
in the 1011-m cored interval was examined in cores and thin sections.
Three-dimensional seismic data provide information about deposi-
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Mixed mudstone to clayey calcareous ooze interbedded with turbiditic
bioclastic packstone and mixed sandstone with lesser quartz and
foraminifers. Inclined beds and folding in middle part indicate slumped
interval that locally grade into intraclastic conglomerate (debris flows)

Mixed mudstone in upper part interbedded with turbiditic foraminiferal
ooze/chalk and mixed sandstone with quartz and bioclasts. Inclined
beds and folds in slump-dominated upper part are associated with
conglomeratic debris flow deposits.

Mixed sandstone to clayey chalk/ooze with interbedded turbiditic
foraminiferal ooze that are less abundant and finer grained at base.
Inclined beds, folding and overturned beds indicate slumps at top and
base.

Inclined and folded mixed mudstone (slumped intervals) alternate with
and grade into intraclastic conglomerate containing folded clasts.
Rare turbiditic foraminiferal chalk.

Clayey chalk to mixed mudstone alternate with very thin turbiditic
foraminiferal chalk interbeds. Rare debris flow and slump deposits

Intraclastic conglomerates overlie slumped interval.

Thick contorted interval (slump-folded) mixed mudstone and clayey
chalk alternates with undeformed mixed mudstone. Thin beds of
turbiditic foraminiferal chalk contain rare quartz.

Highly contorted and folded foraminiferal mixed mudstone and
calcareous claystone with rare chalk and turbiditic mixed sandstone.

"Zebra Unit" - Chalk interbedded with turbiditic quartzose foraminiferal
mixed sandstone and claystone/siltstone. Thick beds of intraclastic
conglomerate contain folded clasts. Contorted slumped interval is cut
by microfaults.

Thick intervals of contorted chalk and mixed mudstone pass
gradationally into matrix-supported conglomerate having folded
intraclasts. Lesser turbiditic mixed sandstones are interbedded with
chalk and mixed mudstone. Unit distinguished by clasts of neritic
limestone and bioclasts.

Very thin turbiditic mixed sandstone alternate with mixed mudstones
Rare intraclastic conglomerate coarsens up.

Figure 3. Generalized stratigraphic column summarizing variations in the types of gravity deposits at Site 823. See Figure 4 for key to symbols.
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tional setting and thickness variations in seismic units that are cor-
related with the different lithostratigraphic units (Fig. 3). High-reso-
lution age control was provided from shipboard biostratigraphic work
(Shipboard Scientific Party, 1991) and post-cruise revisions (Wei,
pers. comm., 1992; Kroon, pers. coram., 1992).

Core Descriptions

All the cores from Site 823 (except the upper part of Hole 823B
that coincides with Hole 823A) were described by Keith Watts at the
Gulf Coast repository at Texas A&M University (TAMU). The inter-
val, bed thickness, grain sizes, sedimentary structures, and deposi-
tional mechanism were recorded for each gravity deposit (>l cm in
thickness). These data, calculated depths (mbsf), ages (Ma), and
sedimentation rates (m/m.y.) for the upper 500 m of core were entered
into a computerized database. Data from the lower 500 m of core have
not been computerized (the data entry form was developed after this
was described).

Petrographic Analyses

Samples of turbidites and a few representative samples of debris-
flow, slump, and hemipelagic deposits were collected on board the
JOIDES Resolution and at the TAMU Gulf Coast Repository. Thin
sections prepared from each sample were analyzed with petrographic
microscope to determine compositional variations. A total of 390
samples were analyzed in detail, and cursory examinations were done
for another -100 samples in units dominated by pelagic foraminifers
(most petrographic analyses were performed by Lisa Varga). The rela-
tive abundance of different components (e.g., foraminifers, quartz,
bioclasts, etc.; see Fig. 5) was estimated visually (abundant = >30%,
common = 15%—30%, few = 3%-15%, and rare = <3%). The results
of thin-section analyses were recorded and entered into a computer-
ized database (Fig. 5, Appendix B). The position of samples and
results of petrographic analyses are shown in stratigraphic columns
that illustrate changes in turbidite compositions (bioclasts, quartz, and
foraminifers) at Site 823 (see below). Plates 1 and 2 illustrate typical
compositions and textures of different turbidites at Site 823.

Sedimentology and Terminology

Because the hemipelagic, turbidite, debris-flow, and slump depos-
its of Site 823 each have considerable compositional variations, a
simple descriptive terminology cannot be used to compare and con-
trast these different deposits. Although somewhat interpretive, we
describe these deposits as hemipelagic muds, turbidites, and debris-
flow and slump deposits to facilitate discussions. Table 1 outlines the
characteristics distinguishing each type of deposit. Plates 3 and 4
illustrate the interrelationships between different types of gravity
deposits. Descriptions of each unit provide specific information about
lithology, composition, and the nature of each deposit that further sub-
stantiate these initial sedimentologic interpretations. This approach
allows us to focus on the interrelationship between sediment compo-
sition and depositional mechanisms and their response to tectonics,
sediment supply, and sea-level fluctuations (see below).

Sediment gravity flows (e.g. turbidites and debris flows) and mass
movements (together simply termed "gravity deposits") are short-
term event deposits that result from slope failures and the subaqueous
downslope movement of sediment (Einsele, 1991; Eberli, 1991).
Turbidity currents are unconsolidated viscous slurries of sediment and
water that moved down subaqueous slopes as density currents to be
deposited as turbidites (Kuenen and Migliorini, 1950; Bouma, 1962).
Debris-flow deposits generally consist of disintegrated masses of
poorly consolidated sediments (intraclasts) having a plastically de-
formed muddy matrix (Einsele, 1991). Their close association with
slump deposits and abundance of folded intraclasts indicate that many
debris flows initiated as slumps and slides that disintegrated as they

were transported downslope (Pis. 3 and 4; see Cook and Mullins,
1983; Stanley, 1985). Coherent slump and slide blocks moved down-
slope as mass movements when downslope shear stress exceeded the
shear strength of sediments (Einsele, 1991). Such gravity deposits
clearly reflect close proximity to a slope, although turbidites can be
transported great distances (Eberli, 1991). Slope failures result from
gravitational instabilities related to the declivity of the slope (steep-
ness), the nature/strength of slope sediment, and other factors such as
seismic shocks and storm waves that decrease the stability of sub-
aqueous slopes (Cook and Mullins, 1983; Einsele, 1991).

Seismic Data

David Feary processed and interpreted the site-survey seismic data
using a LANDMARK interactive workstation and produced horizon
depth contour and isopach maps for each seismic sequence (see
"Methods" section in Feary et al., this volume). These were depth con-
verted using average velocities calculated from drill-hole intersec-
tions, after synthetic seismograms were used to correlate seismic and
drill-hole data (see Feary et al., this volume). Based on these analyses,
it is apparent that the seafloor in most of the sequences sloped gently
to the northeast, similar to the present-day slope of the seafloor (Fig.
2 and see below). The lower sequences apparently sloped in a more
easterly direction and have variable isopach trends that suggest deri-
vation from both the east and the west. The lowest sequences (se-
quences 10 and 11 of Shipboard Scientific Party, 1991, pp. 749-750)
slope to the west, indicating tectonic tilting (Fig. 2; see below).

Age Control

The age control provided by biostratigraphic zonation of foramin-
ifers and nannofossils generally is good. Nearly all middle Miocene
to Pleistocene biohorizons are present (Shipboard Scientific Party,
1991, pp. 703-705). Ages (based on biohorizons) are generally tightly
bracketed (0.1-1.55 m.y. between different biohorizons), with ages
for Pliocene and younger sediments being better constrained than
those for the Miocene. In Units V to VII, a gap in age control between
767.4 and 967.4 mbsf (5.90-8.20 Ma) is the only serious omission
(Shipboard Scientific Party, 1991, pp. 703-705; Wei and Kroon, pers.
comm., 1991). The age of each gravity deposit was calculated by
assuming a constant sedimentation rate between adjacent biohorizons
(depth of first or last occurrence) and linear age interpolation. Al-
though assuming a constant sedimentation rate may be a valid approx-
imation where biohorizons are closely spaced, variable sedimentation
rates and the paucity of biohorizons in Units V to VII precluded
precise age determination (Table 2).

The absence of major erosional features at Site 823 together with
its generally uninterrupted succession of biohorizons, uniformly high
sedimentation rates, and abundance of interbedded thin turbidites and
hemipelagic sediments all suggest that Site 823 was an area of
continuous sedimentation. However, thick debris-flow and slump
deposits were deposited extremely rapidly, indicating nonlinear sedi-
mentation rates that result in errors in age estimates. Furthermore,
because several of the biohorizons occur within gravity deposits
(turbidites, debris-flow and slump deposits), their ages may be inac-
curate (Tables 2 and 3). This is clearly the case with Discoaster
brouweri in a debris-flow deposit in Unit II (see below).

Future biostratigraphic studies of only hemipelagic sediments may
improve the accuracy of age assignments by eliminating the effects
of reworking. However, caution should be exercised because homo-
geneous muds inferred to represent bioturbated hemipelagic sedi-
ments may actually be redeposited gravity deposits that were trans-
ported by mudflows, etc. For example, as much as two-thirds of
comparable muddy base-of-slope sediments in the Miocene-Pliocene
of Sardinia represent gravity deposits (Stanley, 1985). If it is possible
to resolve uncertainties in biostratigraphic age assignments (and uti-
lize oxygen-isotope stratigraphy), future studies will be able to deter-
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Figure 4. Explanation for symbols used in stratigraphic columns (Figs. 3,6-11,
15, and 16).

mine more accurately the ages of gravity deposits by using sedimen-
tation rates and cumulative thicknesses of hemipelagic sediments
(and separately determining sedimentation rates of different types of
gravity deposits).

RESULTS

Description and interpretation of gravity deposits of Site 823 were
sizable tasks, given the large amount of variability in their composi-
tion and nature. Simplified stratigraphic columns illustrate the suc-
cession of deposits comprising each lithostratigraphic unit at Site 823
and accompany the following descriptions. More detailed data for the
thickness, grain size, and composition of turbidites in the succession
are provided in Appendixes A and B. Lithostratigraphic units were
defined based on variations in their gravity deposits (Fig. 3; Shipboard
Scientific Party, 1991). Each unit description sequentially considers
the organization and nature of turbidites and debris-flow, slump, and
hemipelagic deposits, their age control, and their relationship to
seismic sequences (for the lower units). Later discussions about the
depositional history of the Queensland Trough (Site 823) and factors
controlling the nature and significance of gravity deposits are based
on these results.

PETROGRAPHIC DESCRIPTION
Sample [

Researcher(s) [

Depositional mechanism

Rock types

Comments

Carb types

•Skeletal grain —
Foraminifera

globigerinid

keeled planktic

neritic
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Aragonitic mud
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igneous
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A C F R 0 - Abundant (>30%), Common (15-30%), Few (3-15%), Rare (<3%), 0 (none), E (Exact
number from point count)

Figure 5. Petrographic data recorded and entered into computerized database.
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Table 1. Distinguishing characteristics of hemipelagic sediments, turbidites, and slump and debris flow deposits, including sedimentary structures,
sediment compositions and/or lithologies along with inferred sediment sources.

Depositional mechanism Sedimentary structures Sediment types/Lithologies Derivation

Hemipelagic "rain"

Turbidity currents

Debris flows

Slumps

Bioturbation
Lamination

Discrete beds of sand-sized sediment
(turbidites)

Bouma sequences
Te - hemipelagic mud
Td - laminated silt
Tc - ripple x-lamination
Tb - plane lamination
Ta - graded bedding

Erosional bases - scours
Bioturbated tops

Matrix-supported fabrics
Clast-supported fabrics
Clast break-up fabrics
Folded clasts
Contorted matrix and/or clasts
Bioturbation crosscutting clasts and/or ma-
trix

Inclined lamination/bedding
Soft-sediment deformation ("slump"
folds)
Microfaults
Axial planar cleavage

White clayey forminiferal nannofossil
(calcareous) ooze/chalk (60% CaCO3)

Greenish-gray mixed (marly)
mud/mudstone (40%-60% CaCO3)

Dark greenish-gray calcareous
clay/claystone (<40% CaCO3)

Bioclastic grainstone

Foraminifer ooze/chalk

Mixed sandstone

Mixtures of above

Intraclastic conglomerates and rare breccias.
Intraclasts range from mud/claystone to
calcareous ooze/chalk and lesser turbidite
fragments. Most common matrix is mixed
mud/mudstone. Limestone fragments in Unit VII.

Hemipelagic mud/mudstone ranging in
composition from calcareous (nannofossil-
foraminifer) ooze/chalk to calcareous
mud/claystone.Incorporated turbidite beds may be
folded and/or overturned

Mostly pelagic ooze and/or periplatform
(aragonitic) ooze

Mixed pelagic ooze and terrigenous mud
Mostly terrigenous mud

Neritic shelves

Reworked pelagic foraminifers

Terrigenous sediment from Australian mainland
and/or basement horsts

Disintegration of slump blocks into coherent clasts
and incompetent matrix. Rare limestone
fragments were derived from carbonate platforms.

Downslope mass movements of relatively compe-
tent muds as slumps or slide blocks.
Internal disruption results from plastic
deformation of unconsolidated sediment.
Microfaults (from tectonic movements) and axial
planar cleavage result from deformation of
relatively brittle semi-consolidated sediments.

Table 2. Depths of nannofossil and foraminifer biohorizons with inferred ages and calculated sedimentation rates.

Type

F
N
N
F
N
N
N
N
F
F
N
N
N
F
F
F
N
N
F
N
N
N
F
N
N
N
N
N
F
N

Abbreviation

G.r.
E.h.CS)
P.I.
G.t.
small G.
G.sp. A-B(T)
H.s.
C.mac.
G / (T)
G.o.
D.p.
D.s.
D.t.
G./.(B)
S.sp.
G./.(B)
R.p.
DM.

G.n.
A.t.
C.α.(T)
C.α.(B)
G.tum.(T)
A.α.(T)
A.a.(B)
D.q.lD.b.
C.c(T)
C. coal(T)
G.s.
C.coal(B)

Species

Globigerinodes ruber
Emiliania huxleyi
Pseudoemiliania lacunosa
Globorotalia tosaensis
small Gephyrocapsa Acme

Heliocosphaera selii
Calcidiscus macintyrei
Globigerinoides fistulosus(T)
Globigerinoides obliquus
Discoaster pentaradiatus
Discoaster surculus
Discoaster tamalis
Globigerinoides altispira
Spheroidinellopsis
Globorotalia tosaenisis(B)
Reticulofenestra pseusoumbilica
Discoaster asymmetricus
Globigerinoides nepenththes
Amaurolithus tricorniculatus
Ceratolithus armatus(T)
Ceratolithus armatus(B)
Globorotalia tumida
Amaurolithus amplificus(T)
Amaurolithus amplificus(B)
Discoaster quinqueramus/D. bollii
Caninaster caliculus
Caninaster coalitus(T)
Globorotalia siakensis
Caninaster coalitus(B)

Sample
(first; cm)

823A-2H
823A-2H-4, 115
823A-4H-4, 115
823A-7H
823A-9H-5, 115
823A-11H-2, 116
823A-12H-3, 116
823B-16X-6, 116
823B-17X-CC
823B-22X-CC
823B-24X-2, 137
823S-25X-5, 140
823B-26X-4, 136
823B-30X-CC
823B-32X-CC
823B-32X-CC
823B-38X-4, 126
823B-45X-CC
823B-50X-CC
823B-54X-CC
823B-63X-5, 125
823B-66X-CC
823B-69X-CC
823B-76X-CC
823B-8OX-CC
823C-19R-CC
823C-20R-?, 121
823C-22R-2, 140
823C-21R-CC ?
823C-24R-2, 125

Sample
(range; cm)

823A-1H
823A-2H-5, 115
823A-4H-6, 115
823A-6H
823A-9H-6, 115
823A-11H-4, 116
823A-12H-4, 116
823B-16X-CC
823B-16X-CC
823B-21X-CC
823B-24X-3, 133
823B-25X-?, 44
823B-26X-5, 136
823B-31X-CC
823B-31X-CC
823B-33X-CC
823B-38X-?, 126
823B-46X-CC
823B-52X-CC
823B-55X-CC
823B-63X-CC
823B-67X-?, 134
823B-70X-CC
823B-77X-CC
823B-81X-CC
823C-20R-?, 118
823C-20R-5,117
823C-22R-3,137
823C-23R-CC
823C-24R-3,125

Depth
(mbsf)

10.55
12.20
31.95
58.05
80.20
95.46

105.71
150.88
153.20
204.50
222.32
236.17
244.31
290.20
297.50
309.30
359.33
435.45
489.50
521.60
601.98
632.87
675.10
733.05
767.62
967.44
971.92
989.84

1008.30
1009.10

Age
(Ma)

.12

.28

.47

.60

.93
1.10
1.27
1.48
1.60
1.80
2.29
2.42
2.60
2.90
3.00
3.10
3.51
3.88
3.90
4.24
4.60
5.06
5.35
5.60
5.90
8.20
8.75
9.00

10.40
10.80

Sed. rate
(m/m.y.)

87.92
10.31

103.95
200.77

67.12
89.76
60.88

215.10
19.33

256.50
36.37

106.54
45.22

152.97
73.00

118.00
122.02
205.73

2702.50
94.41

223.28
67.15

145.62
151.80
115.23
86.88

8.15
71.68
13.19
2.00

Dep.
mech.

?

H
H
?

H
S
H
H

H?
DF
H
H
S?
H?
T

DF
S?
H?
S
T

H/S?
H
S
S?
T?
H
H
T?
H

Note: Sedimentation rates were calculated to the next higher biohorizon. These data were used to interpolate ages of individual gravity flow
deposits and petrographic samples.

Unit I

Unit I is Pleistocene in age and includes a variety of gravity
deposits. Two successions of turbidites interbedded with hemipelagic
calcareous ooze and marl (mixed muds) are separated by a thick
interval that is dominated by slump deposits (Fig. 6). Debris-flow

deposits are not common, but occur both above and below the
slumped interval.

Turbidites in Unit I are composed of bioclastic grainstone/pack-
stone with variable amounts of quartz and foraminifers (PI. 1, Fig. B;
Fig. 6). Quartz is most abundant in bioclastic mixed sandstones with
foraminifers at 34 and 37 mbsf, but also occurs at other intervals.
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Table 3. Depths of lower boundaries of lithologic units with inferred ages
and sedimentation rates and two-way traveltime of lower boundaries of
seismic sequences and their calculated depths.

Litholoj
unit

IA
IB
II

IIIA
IIIB
inc
IV
V
VI

VIIA
VIIB

Seismic
sequence

1

CN

3
3A
4
5
6
7
8
9
10

;ic Depth at Thickness
base (mbsf)

TWTto
base (s)

2.29
2.34
2.48
2.54
2.62
2.74
2.91
3.02
3.04
3.10
3.20

85.40
120.77
352.75
440.30
516.80
535.70
715.00
797.70
887.00
978.00

1011.00

Depth at
base (mbsf)

27.00
85.00

208.00
295.00
343.00
471.00
659.00

829.00
901.00

E1020.00

(m)

85.40
34.60

232.05
88.30
76.50
18.90

179.30
82.70
89.30
91.00
33.00

Thickness
(m)

27.00
58.00

123.00
87.00
48.00

128.00
188.00

170.00
72.00

El 19.00

Age at
base (Ma)

0.99
1.34
3.46
3.88
4.18
4.30
5.52
6.24
7.27
8.83

10.81

Age at
base (Ma)

0.42
0.98
1.90
2.97
3.38
3.89
5.24

6.62
7.43

El 1.40

Duration
(m.y.)

0.99
0.35
2.12
0.42
0.30
0.12
1.22
0.72
1.03
1.56
1.98

Duration
(m.y.)

0.42
0.56
0.92
1.07
0.41
0.51
1.35

1.38
0.81

E3.97

Sed. rate
(m/m.y.)

86.26
98.86

109.46
210.23
255.00
157.50
146.97
114.86
86.70
58.33
16.67

Sed. rate
(m/m.y.)

64.29
103.57
133.70
81.31

117.07
250.98
139.26

123.19
88.89

E29.97

Note: Inferred ages and sedimentation rates were calculated (to the next higher unit) by
linear interpolation between biohorizons listed in Table 2. E = estimated.

Bedding thickness and grain size increase in the lower part of the unit,
with an abrupt reduction at 113 mbsf. The abundance, grain size, and
thickness of turbidites decrease in the middle part of the unit (48-103
mbsf), which is dominated by debris-flow and slump deposits.
Another succession of turbidites at 30 to 48 mbsf shows upward-
coarsening/thickening, followed by upward-fining/thinning trends.
The upper 15 mbsf contains relatively few turbidites.

Debris-flow deposits (intraclastic conglomerates) occur at several
intervals in Unit I (Fig. 6). Interestingly, they bracket and grade into
the thick slump deposits at 48 to 52 mbsf and 95 to 97 mbsf. Above
the higher debris flow, a thick bed of (58.4 cm) turbiditic bioclastic
sand fills burrows that cut into the debris flow. The thickest debris-flow
deposit (15-24 mbsf; 814 cm thick) contains large folded slabs of
clayey calcareous ooze with turbidite interbeds and smaller, rounded
clasts of mixed mudstone. Near the top of the hole (1.25-1.85 mbsf),
an unusual debris-flow conglomerate contains large granules of quartz,
volcanic lithic fragments, Halimeda, and a boulder of green mixed
mudstone that is slightly older than the associated hemipelagic sedi-
ments at the base of the core (0.3 vs. <0.275 Ma at 10.55 mbsf),
suggesting erosion farther upslope.

Hemipelagic sediments in Unit I show a wide range of composi-
tions (Fig. 6). Clayey calcareous ooze (carbonate contents range
between 60% and 80%) is most abundant and contains both nanno-
fossils and platform-derived aragonite with variable amounts of clay
and quartz silt. Marls/mixed muds (40%-60% carbonate) occur in the
upper and lower parts of Unit I. Calcareous claystone (<40% carbon-
ate) occurs at the base of the unit and within a slump block at 84 to
90 mbsf. No obvious relationship exists between the composition of
hemipelagic sediments and different types of gravity deposits.

Unit II

Unit II is the thickest unit at Site 823 (232 m), and ranges in age
from late Pliocene to early Pleistocene (Fig. 7). Debris-flow and slump
deposits are abundant in the upper part of the unit, but also occur at
other levels. Turbidites are particularly abundant in Unit II and show
significant variations in composition, grain size, and bed thickness.

Turbidites are more abundant in Unit II than in any other unit
(-700 turbidites), particularly in the middle part (200-300 mbsf). In
the upper part, turbidites are mixed sandstones that contain bioclasts,
quartz, and foraminifers. Bioclasts include fragments of echinoderms,
ostracods, gastropods, and rare red algae (PI. 1, Fig. A). Neritic fora-
minifers and large foraminifers are typical constituents as are glau-
conitic and phosphatic grains (similar to PI. 2, Fig. A). The composi-
tion of turbidites changes between 191 and 241 mbsf. Foraminifers
increase in abundance downhole, with a concomitant reduction in
bioclasts and quartz (Fig. 7). Interestingly, foraminifers within this
transitional interval show a decrease in abrasion and fragmentation
downhole that continues to a depth of -240 mbsf (Core 133-823B-
26X). In the lower part of Unit II (241 mbsf), turbidites consist of
foraminiferal chalk with generally rare quartz, bioclasts and neritic
foraminifers. In Cores 32X and 33X, turbidites show a progressive
downhole decrease in abundance, bed thickness, and grain size.
Farther downhole to the base of Unit II, turbidites become increas-
ingly rare, thinner, and finer-grained.

Debris-flow and slump deposits are common in the upper part of
Unit II (131-188 mbsf). These deposits are interbedded with and
contain clasts of mixed mudstone and calcareous claystone. Turbidite
interbeds within slumped intervals are folded, inclined, and overturned
in places. Two thin debris-flow deposits within the transitional interval
(213.2-214.9 and 207.9-209.6 mbsf) contain intraclasts of mixed
mudstone and claystone. Slumped intervals with inclined and over-
turned turbidite beds immediately below the transitional interval (239-
256 mbsf) are composed primarily of clayey calcareous chalk. In the
lower part of the unit (318-337 mbsf), slumped intervals are composed
primarily of relatively calcareous clayey chalk and exhibit large-scale
folds, inclined laminations, and have overturned turbidite beds.

Hemipelagic sediments in Unit II are compositionally variable and
contain admixtures of terrigenous mud, pelagic carbonate, and arago-
nitic periplatform ooze. Aragonite is less abundant in Unit II than in
Unit I and was not recognized below 256 mbsf in Unit II (Shipboard
Scientific Party, 1991, p. 714). Hemipelagic mixed mudstone and
lesser calcareous claystone are interbedded with the slump and debris-
flow deposits in the upper part of the unit (120-183 mbsf). In the
middle and lower parts of the unit, clayey calcareous chalk is the
dominant hemipelagic sediment, interbedded with turbidites. Mixed
mudstone and calcareous claystone also occur in the lower half of the
unit, as illustrated in Figure 7. Calcareous claystone is particularly
abundant from 231 to 238 mbsf.

Biostratigraphic age control in Unit II is generally well con-
strained, but two problem areas deserve mention. The Discoaster
brouweri biohorizon (indicating an age of 1.88 Ma) first occurs within
a debris flow at 163 mbsf. Because this biohorizon is located a short
distance (12.1 m) below the Calcidiscus tropicus biohorizon (indicat-
ing an age of 1.48 Ma) and suggests an unusually rapid sedimentation
rate, these nannofossils may have been reworked from older deposits.
The first occurrence of the planktonic foraminifer Globigerinoides
obliquus (indicating 1.8 Ma) is located at 204.5 mbsf (possibly as high
as 190 mbsf; D. Kroon, pers. comm., 1992), supporting an interpre-
tation of reworking of Discoaster brouweri. However, the ages of the
interval between 222 and 244 mbsf are well constrained between three
closely spaced biohorizons (indicating ages of 2.29, 2.42, and 2.60
Ma), which allows for precise dating of the influx of turbiditic
quartzose and bioclastic turbidite sands (Fig. 7).

Unit III

Unit III is the second thickest unit at Site 823 (183 m) and is mostly
early Pliocene in age, but spans the late Pliocene boundary near the
top. The unit is dominated by debris-flow and slump deposits in its
upper and lower parts (Subunits IIIA and IIIC). Hemipelagic sedi-
ments with interbedded turbidites and lesser debris-flow and slump
deposits characterize the lower middle part (Subunit IIIB, Fig. 8).
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Calcareous OOZΘ to mixed mudstone with a few
very thin beds of turbiditic bioclastic packstone
to mixed sandstone with variable amounts of
quartz and forams. Intraclastic conglomerate
(debris flow deposits) contain clasts of
mudstone and chalk, quartz and bioclasts.
Some folded slabs contain turbidite interbeds.

Turbiditic bioclastic foraminiferal grainstone to
mixed sandstone interbedded with clayey
calcareous ooze.

Inclined bedding suggests that most of interval
is slumped. Dominated by clayey calcareous
ooze interbedded with very thin turbiditic
bioclastic foraminiferal packstone to ooze.
More clay-rich mixed mudstone at top and base
of interval. Beds of intraclastic conglomerate
contain folded clasts and contorted matrix and
have break-up fabrics transitional into slumps.

Turbiditic foraminiferal bioclastic packstone and
mixed sandstone interbedded with mixed
mudstone. Clay-rich at base, more calcareous
upward.

Figure 6. Generalized stratigraphic column for Unit I. Note the decline in abundance of turbidites immediately beneath the debris-flow and slump deposits.
See Figure 4 for key to symbols.
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Remarks

Very thin beds of turbiditic mixed sandstone
interbedded with mixed mudstone

Clast-supported intraclastic conglomerates
grade into folded and inclined (slumped)
intervals of mixed mudstone with turbidite
interbeds. Turbidites are mixed sandstone with
bioclasts, fragmented and whole foraminifers
and quartz. Quartz decreases in middle part.
Hemipelagic sediments are mixed mudstone
and calcareous chalk.

Hemipelagic mudstone (clayey chalk to mixed
mudstone) interbedded with turbiditic
foraminiferal chalk to mixed sandstone with
quartz and bioclasts. Two thick intervals of
intraclastic conglomerate in middle part. At
base, hemipelagic sediment is calcareous
claystone with mixed sandstone turbidites.
Turbidites are less abundant, thinner and finer
grained toward top of interval.

Mixed mudstone to clayey chalk with turbiditic
foraminiferal chalk with quartz. Inclined
bedding and local overturned turbidites indicate
slumped interval.

Mixed mudstone to clayey chalk with numerous
very thin to medium (0.1 to 20.0 cm) beds of
turbiditic foraminferal chalk with quartz. The
turbidites show variations in bed thickness and
grain size with both upward fining and
coarsening trends.

Clayey chalk/ooze and mixed mudstone with
very thin interbeds of turbiditic foraminiferal
chalk with minor quartz. Slumped intervals are
indicated by overturned turbidites and inclined
laminations.

Figure 7. Generalized stratigraphic column for Unit IL Note the abundance of turbidites, abrupt appearance of bioclasts at 245 mbsf, and debris-flow and slump
deposits above 187 mbsf. The vertical scale for this thick unit is different from others. See Figure 4 for key to symbols.
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SUBUNIT IMA

Interval is dominated by slump folded or inclined
mixed mudstone and intraclastic conglomerate.
Folds, inclined laminations, overturned beds and
contoured fabrics indicate slumped intervals.
Intraclastic conglomerates contain a variety of
clasts including mixed mudstone, calcareous
claystone (especially core 46) and clayey chalk.
Rare turbiditic foraminiferal chalk with lesser
quartz and bioclasts. Undisturbed hemipelagic
mixed mudstone, clayey chalk, and claystone are
uncommon. Intraclasts show a range of fabrics
evolving from break-up fabric in slumps to folded
and fragmented clasts in debris flows. In cores 45
and 46, burrows cross-cut both clasts and matrix.

SUBUNIT III B

Clayey chalk to mixed mudstone with very thin to
thin beds of turbiditic foraminiferal chalk with rare
quartz. Slump folded intervals are rare as are
intraclastic conglomerates (debris flow deposits).

SUBUNIT III C

Clast-supported intraclastic conglomerate at top
overlies clayey chalk with turbiditic foraminifer
chalk. In lower part, numerous folds and inclined
laminations indicate slumping in clayey chalk.

Figure 8. Generalized stratigraphic column for Unit III. Note abundance of debris-flow and slump deposits above 453 mbsf. The vertical scale for this thick
unit is different from others. See Figure 4 for key to symbols.
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Turbidites are much less abundant in Unit III than in Unit II, but
several turbidites are interbedded with clayey calcareous chalk in
Subunit IIIB (448-515 mbsf, Fig. 8). These turbidites are primarily
foraminiferal chalk with generally rare bioclasts and quartz. Beds are
typically very thin (<5 cm), but thicker beds (up to 21 cm) from 464
to 470 mbsf are organized into upward-thinning/fining successions.
A few deformed and inclined turbidite beds occur within the slumped
intervals described below.

Interbedded debris-flow and slump deposits are clearly genetically
related and show a range of associated sedimentary structures and
transitional fabrics. Intraclastic conglomerates (debris-flow deposits)
contain abundant clasts of mixed mudstone and claystone, lesser
clasts of turbiditic foraminiferal chalk, and rare phosphatic clasts and
pyritized bioclasts. Folded clasts and blocks breaking up into smaller
clasts indicate that many intraclastic conglomerates began moving
downslope as slumps and then disintegrated into debris flows. Some
large (> 1 m thick) slump blocks may be large clasts within debris-flow
deposits. Compositionally, the slump blocks and associated hemipe-
lagic sediments are composed of mixed mudstone and lesser clayey
calcareous chalk (particularly in the lower part of the unit). Mixed
mudstone appears to be less competent than either clayey calcareous
chalk or claystone and forms the matrix of many of the debris-flow
deposits. Several thick debris-flow deposits between 415 and 448
mbsf have bioturbation that crosscuts both clasts and matrix to depths
of up to 4.5 m (PL 4, Fig. B). The highest occurrence of brittle defor-
mation and microfaulting at Site 823 is in a slumped interval at 395
mbsf (see "Tectonics" section, this chapter). In Subunit IIIC, two thick
slump deposits are each overlain by coeval debris-flow deposits.

Hemipelagic sediments range in composition from clayey calcare-
ous chalk to mixed mudstone. As stated previously, mixed mudstone
intervals are associated with slump and debris-flow deposits. Hemi-
pelagic sediments in Subunit HB are clayey calcareous chalk that are
interbedded with thin turbidites. The only mixed mudstone interval
in Subunit IIIB appears to be a slump deposit with inclined bedding
and folds.

Biostratigraphic age control for Unit III is less precise than for
younger sediments at Site 823. Biohorizons in Subunit ILIA occur
within debris-flow and probable slump deposits and therefore may be
reworked (Table 2). The foraminifer biohorizon Globigerinoides
nepenthes (3.9 Ma) occurs within hemipelagic sediments of Subunit
IIIB at -489.5 mbsf. This is much deeper than the Discoaster assymet-
ricus biohorizon (3.88 Ma), which occurs within a probable slumped
interval at -435.45 mbsf, suggesting reworking of the latter. The
absence of the Spenolithus abies biohorizon (3.45) may be related to
erosion or nondeposition in Subunit IIIA.

Unit IV

Unit IV is dominated by the clayey calcareous chalk and mixed
mudstone that are commonly internally deformed in slumped inter-
vals (Fig. 9). Turbidites are relatively rare, as are debris-flow con-
glomerates. The unit is 179 m thick and spans the upper Miocene/
lower Pliocene boundary.

These turbidites are composed primarily of foraminiferal chalk (PI.
1, Fig. C), but exhibit abrupt downhole increases in quartz content in
the uppermost Miocene section. The turbidites are generally thinly
bedded (generally <5 cm) and are typically interbedded with clayey
calcareous chalk. They are organized into thin upward-coarsening/
thickening and upward-fining/thinning successions (Fig. 9). In Core
7IX, amalgamated beds of relatively thick turbidites contain stretched
pebbles and folded blocks. Rare turbidite beds also occur in slump
blocks, described below.

Slumped intervals are the dominant gravity deposit in Unit IV, as
indicated by soft-sediment deformation, overturned bedding, and
inclined laminations. Some slump blocks contain turbidite beds that
are inclined or overturned. Relatively thin (50 cm) and rare intra-
clastic debris-flow conglomerates are interbedded with hemipelagic

mixed mudstone and commonly grade into slumped intervals. In Core
65X, an unusually thick interval of relatively calcareous debris-flow
conglomerate is interbedded with an overturned turbidite that indi-
cates later slump-folding of the entire interval. Folded intraclasts,
clast break-up fabrics, shearing, and local brittle microfaulting illus-
trate a close association between debris-flow and slump deposits.

Hemipelagic sediments are relatively calcareous clayey chalk (up
to 85% carbonate) and mixed mudstone. Turbidites are typically
interbedded with clayey calcareous chalk, except in the lower part of
the unit (Miocene), where mixed mudstone is interbedded with both
turbidites and debris-flow deposits.

Unit IV ranges in age from early Pliocene to late Miocene. The
nannofossil biohorizons are clustered in the middle of the unit, and
only one planktonic foraminifer biohorizon is represented. The fora-
minifer Globorotalia tumida (5.2 Ma) first appears at 679.9 mbsf,
which is deeper than the first occurrence (653.75 mbsf) of the nanno-
fossil Discoaster quinqueramus (5.26 Ma). Although the latter occurs
within hemipelagic clayey calcareous chalk, nearby shearing and
folding may indicate that it is within a slumped interval and possibly
has been reworked. The G. tumida sample was from undisturbed
hemipelagic chalk and may be a better datum. Unfortunately, the other
two biohorizons occur within gravity deposits (a slump and a tur-
bidite) and indicate imprecise maximum ages.

UnitV

Unit V is 80.7 thick and late Miocene in age. It is a monotonous
unit that consists primarily of hemipelagic mixed mudstone and cal-
careous claystone, most of which have been deformed as part of slump
blocks (Fig. 10). In contrast to other units at Site 823, turbidites and
debris-flow deposits are extremely rare.

The rare turbidites primarily consist of foraminiferal chalk. A few
thin (<2 cm) beds of mixed sandstone to siltstone indicate an influx
of quartz near the top of the unit (728-731 mbsf).

Inclined lamination, overturned bedding and folds indicate that
slump deposits dominate Unit V (PL 3, Figs. A and B). Microfaulting
also occurs at several levels, particularly at the top of the unit.
Debris-flow conglomerates are rare and contain folded clasts within
a highly deformed matrix, beneath relatively calcareous clayey chalk
at 731 mbsf.

Hemipelagic sediments are dominated by terrigenous mud and silt
and generally range from calcareous claystone to mixed mudstone.
Very fine-grained, muddy, mixed sandstone in Core 82X and within
several slumped intervals has an unknown depositional mechanism,
but could represent homogeneous mud flow deposits.

Age control in Unit V includes two nannofossil biohorizons within
probable slumped intervals. The next age datum downhole is signifi-
cantly deeper at 967 mbsf (Unit VII); thus, sedimentation rates are
poorly constrained.

Unit VI

Unit VI (101.4 m thick) was informally termed the "zebra unit."
White chalk alternates with dark turbidites and debris-flow deposits
(Fig. 11). Although no age control is available for the unit, its late Mio-
cene age is bracketed between biohorizons in Units V and VII (5.9-8.2
Ma). Debris-flow and slump deposits are common in the lower part
(below 823 mbsf) and turbidites are dominant toward the top.

Turbidites occur throughout Unit VI, but are most abundant near
the top (794-809 mbsf), where they are organized into an upward-
coarsening succession (Fig. 11). In the middle and lower parts of the
unit (below and including Cores 133-823C-6R; >834 mbsf), tur-
bidites are interbedded with debris-flow deposits and show both
upward-fining and upward-coarsening trends. One thick turbidite bed
(60 cm) contains large rounded pebbles (intraclasts) of chalk at the
base (PL 4, Fig. C). The turbidites are foraminiferal chalk to mixed
sandstone containing abundant foraminifers throughout the unit (PL
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indicate that many intervals are slumped.

Intraclastic conglomerates are uncommon but

include folded clasts of mixed mudstone and

clayey chalk and have clast- and matrix-

supported fabrics. Clast break-up fabrics and

large blocks of contorted clayey chalk in the

debris flow conglomerates indicate a genetic

association with slumped intervals. This unit is

generally disturbed by drilling with numerous

drilling biscuits, particularly in mixed mudstones.

Figure 9. Generalized stratigraphic column for Unit IV. Note abundance of slump and paucity of turbidites and debris-flow deposits. The turbidites are
composed mostly of foraminifers, with a slight influx of quartz sand in the lower part. See Figure 4 for key to symbols.

390



MIOCENE TO PLEISTOCENE TURBIDITES

Series Nanno
Zone

mbsf
-R

Composition ~ F
c

Bioclasls Quartz Forams

Remarks
UNITV

75X

LU

Z

LU

ü

O

76X

77X

78X

X
79X

80X

0C

LU

DL

D.

=3

A.a

5.9
81X

> <

82X

83X

720

730

740-

750

760

770

780-

790

2R

Most of unit is folded and contorted

foraminiferal mixed mudstone and calcareous

claystone with rare clayey chalk and turbiditic

mixed sandstone. Folds, inclined laminations,

overturned beds and chaotic fabric indicates

slumped intervals. Microfaults also occur. A

few intervals are not deformed and contain
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foraminiferal mixed sandstone/chalk. One

interval of muddy mixed sandstone occurs in

section 82 and is also a secondary lithology in

slumped intervals.

Figure 10. Generalized stratigraphic column for Unit V. Note prevalence of slumping and rarity of turbidites. The turbidites are composed mostly of
foraminifers with a slight influx of quartz in the upper part. See Figure 4 for key to symbols.

1, Fig. D). Quartz is relatively abundant in the lower part of the unit
(below 870 mbsf). Igneous lithic fragments are a rare constituent.
Bioclasts are generally rare, but show a slight increase between 830
and 850 mbsf. Bioclasts include red algae, echinoderms, and bivalves
in addition to large neritic foraminifers. This lower part of Unit VI is
similar to upper Unit VII in many respects. Unit VII is distinguished
by its clasts of neritic limestone (see below).

Intraclastic conglomerates (debris flow) are common in the lower
part of Unit VI (842-883 mbsf), and slump deposits dominate the
middle part (823-833 mbsf). Slumped intervals display inclined
lamination, folds, contortion and clast break-up fabrics. Microfault-
ing is particularly well developed in the slumped intervals and may
be related to shearing along fold axes. Intraclastic conglomerates
(debris-flow deposits) contain a variety of intraclasts, including chalk,
mixed mudstone, and claystone, many of which show small-scale
folding and break-up fabrics (PI. 3, Fig. C, and PI. 4, Fig. A). Both
clast- and matrix-supported fabrics are evident. In most cases, the
matrix material is sandy mudstone with relatively large neritic fora-
minifers (PI. 4, Fig. A). At 847 mbsf, one thick debris flow with a
sandy matrix passes upward into a turbidite (see Krause and Older-
shaw, 1979). In Core 133-823C-9R (864 mbsf), a deep scour cuts into
the underlying hemipelagic sediment.

Hemipelagic sediments are primarily white nannofossil chalk to
clayey calcareous chalk and lesser dark greenish-gray calcareous

claystone to siltstone. The latter are more common in the upper and
lower parts of the unit, but cannot be shown at the scale of Figure 11.
These mixed mudstones typically cap sandy turbidites (see above)
and may represent muddy turbidites deposited by dilute turbidity
currents. The white clayey calcareous chalk clearly is pelagic with
abundant nannofossils and commonly is strongly bioturbated into
underlying turbiditic muds and/or sands. These chalks consistently
have the highest carbonate contents (up to 96%) of the hemipelagic
sediments at Site 823, which suggests slower sedimentation rates
without the admixture of terrigenous muds.

Unfortunately, age control is absent in Unit VI. Its late Miocene
age is constrained by biohorizons in Units V (5.9 Ma at 768 mbsf)
and VII (8.2 Ma at 968 mbsf). Compounding the problem, sedimen-
tation rates in the lower part of Unit VII are significantly lower than
those in Unit V (Fig. 12). The maximum (albeit unlikely) possible age
range of Unit VII is bracketed by the 5.9- to 8.2-Ma biohorizons.
Assuming a constant sedimentation rate between these two biohori-
zons, its age range is 6.0 to 7.1 Ma (the age-converted plots in Fig.
16 assume this; see below). Alternatively, extrapolating sedimentation
rates downward from the overlying units (average sedimentation rate
of -130 m/Ma) to an intercept of the sedimentation rate of 16 m/m.y.
in Unit VII would indicate a narrower age range of 5.9 to 6.6 Ma for
Unit VI. However, the calcareous chalk within Unit VI indicates
relatively slow sedimentation rates compared to the voluminous
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Chalk interbedded with thin turbiditic
foraminiferal quartzose mixed sandstone and
claystone. Lesser thin to thick beds of
intraclastic conglomerate. Highly deformed
(possibly slumped) at top of section 4.

Mostly chalk and green mixed mudstone with
inclined bedding, folds and numerous
microfaults in slumped intervals.

Chalk interbedded with turbiditic quartzose
foraminiferal mixed sandstone to chalk and
lesser claystone/siltstone to mixed mudstone.
Thick beds of intraclastic conglomerate locally
have sandy mixed mudstone matrix containing
foraminifers and bioclasts. Folded intraclasts
locally show a clast break-up fabric. Rare
contorted (slump folded) intervals are
transitional to debris flow deposits.

Figure 11. Generalized stratigraphic column for Unit VI. Note alternating clayey calcareous chalk and turbidites near top and interbedded debris-flow

deposits, turbidites, and clayey calcareous chalk in lower part. Also note the position of seismic sequences. See Figure 4 for key to symbols.

terrigenous mixed muds in the younger units. A hiatus may exist
between sequences 9 and 11, as indicated by the lateral pitch-out of
sequence 10 (upper Unit VII, Fig. 13). Thus, slower sedimentation
rates may have existed during the deposition of Unit VI, which would
imply a longer age range for the unit.

Seismic data for the lower units at Site 823 provide additional
insights about the distribution and origin of its gravity deposit. All of
the upper seismic sequences (sequences 1 to 8; Units I to V) were
deposited over the gently eastward- to northeastward-sloping floor of
the Queensland Trough (Figs. 2 and 13). Sediments supplied from the
northeastern Australia margin generally are thinner to the east, and
this slope represents the angle of repose/base level of hemipelagic
muds, turbidites, and debris-flow deposits. The geometry of the lower
seismic sequences indicate that a major pulse of late Miocene tectonic
tilting and block faulting occurred before the deposition of sequence
9 (Unit VI) and after the deposition of sequence 11 (below Unit VII?).
Sequence 9 is ponded sediments that onlap eastward over the tilted
fault block (Fig. 13). To the west, this sequence laps onto an unusual

lobate body of sediment (sequence 10/upper Unit VII?) that may
represent a large submarine slide deposit (Figs. 14C and 14D, see
below). The strong reflectors in sequence 9 result from the well-bed-
ded nature of Unit VI, with its interbedded chalk, turbidites, and
debris-flow deposits. By filling the structural depression, the ponded
sediments of sequence 9 established an eastward-sloping surface.
Minor movements along the preexisting faults that extend up to
sequence 5 (Unit III) permitted continued differential subsidence of
this part of the Queensland Trough. Sequences 7 to 9 (Units IV to VI)
onlap eastward onto the uplifted fault blocks.

Unit VII

The distinguishing features of Unit VII are clasts of neritic lime-
stone that occur in turbidites and debris-flow deposits (PL 2, Fig. B).
In our detailed studies, we discovered that clasts of neritic limestone
occur as high as 887 mbsf, 12 m higher than where the Unit Vl/Unit
VII boundary was originally defined (Fig. 15; Shipboard Scientific
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Figure 12. Sedimentation rates and biostratigraphic age control used in this
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VII. The low sedimentation rates implied by pelagic chalk in Unit VI and
irregularities in associated seismic sequences (Fig. 13) indicate that unconfor-
mities may exist in Units VI and VII. See Table 2 for listing of biohorizons
with depths, inferred ages, and calculated sedimentation rates.

Party, 1991). Debris-flow and slump deposits are abundant in the
upper part of the unit, whereas turbidites and lesser debris-flow
conglomerates dominate the lower part of the unit. Age control is
limited to the lower part with ages that range from the late to middle
Miocene (8.2-10.8 Ma), indicating a relatively low average sedimen-
tation rate of 16 m/m.y. (Table 2).

Turbidites in Unit VII are mixed foraminiferal sandstone with
varying amounts of quartz and bioclasts and lesser intraclasts of
neritic limestone (PI. 2, Fig. C). Large neritic foraminifers, echino-
derms, red algae, rhodoliths, bivalves, and rare coral fragments were
derived from neritic carbonate(?) platform sources (PL 2, Fig. C).
Relatively coarse-grained terrigenous quartz is most abundant in the
lower part of the unit, along with rare Plagioclase and metamorphic
rock fragments (PL 2, Fig. D). Phosphate and glauconite are typically
present, with glauconite commonly filling intraparticle pores in large
foraminifers. In the lower part (Unit VIIB), successions of turbidite
sands show both upward-thinning/fining and upward-thickening/
coarsening trends; overall they coarsen up (Figs. 15 and 16).

Debris-flow and slump deposits are most common in the upper
part of the unit. The debris-flow conglomerates contain a wide variety
of clasts, including neritic limestone, in addition to folded slabs of
chalk, mixed sandstone, and calcareous claystone. The matrix mate-
rials in the conglomerates show a wide range of compositions, includ-
ing foraminiferal mixed mudstone, muddy foraminiferal quartzose
mixed sandstone, and rare chalk and sandy mudstone. The slumped
intervals are typically tightly folded and show sheared-out folds and
clast break-up fabrics transitional into debris-flow deposits. Slumped
intervals are thickest and most abundant in the middle of the unit
(935-965 mbsf). Microfaulting occurs in several intervals, particu-
larly at 915 to 955 mbsf, and is best developed in slumped intervals.

Hemipelagic sediments indicate a broad range of compositions
from mixed mudstone to calcareous claystone to clayey calcareous
chalk. In the upper part of the unit (Core 133-823C-12X), interbeds
of white clayey calcareous chalk resemble those in Unit VI, the "zebra
unit," indicating a gradational transition between the units. However,

geochemical analyses indicate that mixed mudstone is the dominant
hemipelagic sediment, with calcareous claystone at several intervals
(Shipboard Scientific Party, 1991, p. 713).

Biostratigraphic age control is available for only the lower part of
the unit (>967 mbsf). Five closely spaced biohorizons in the lower
part of the hole indicate a greatly reduced average sedimentation rate
(16 m/m.y.) in the latest middle to early late Miocene (8.2-10.8 Ma).

Seismic data show significant variations in morphology and thick-
ness of sequences, interpreted to represent Unit VII (Figs. 13 and 14).
The contour maps for the horizons bounding sequence 11 indicate that
these surfaces dip to the west in the opposite direction from all the
higher reflectors (Figs. 14E and 14G). Isopachs for sequence 11 indi-
cate small lobate "thickenings" near Site 823 (~2 km across; Fig.
14H). Isopach maps for sequence 10 show a dramatic thinning east-
ward (Figs. 13 and 14F). This sedimentary wedge remained as a Pale-
obathymetric high (Fig. 14C) onto which sequence 9 (Unit VI)
onlapped. By the base of sequence 8 (upper Unit VI), the structural
depression was filled with sediments so that an eastward slope was
established (Figs. 13 and 14D).

DEPOSITIONAL HISTORY

Site 823 records the depositional history of the Queensland Trough
from the mid-Miocene to the Holocene (Fig. 16). The composition
and nature of turbidites, debris-flow and slump deposits, and hemi-
pelagic sediments provide clues for interpreting the response of
shelves and slopes adjacent to the Queensland Trough to the combined
influences of tectonics, sedimentation, and fluctuations in eustatic sea
level (Stow et al., 1985; Eberli, 1991). To interpret the succession of
gravity deposits at Site 823, all of these factors must be considered.
Tectonic movements were a dominant control during the middle to
late Miocene and may have continued into the Pliocene. Fluctuations
in eustatic sea level (Haq et al., 1988; Wornardt and Vail, 1991) may
be related to variations in sediment composition, particularly in the
Pleistocene. Analysis of the gravity deposits of Site 823 yields con-
siderable insights on the evolution of the Queensland Trough.

Middle to Late Miocene Tectonism

Middle to upper Miocene turbidites in the lower part of Unit VII
are organized into an overall upward-coarsening succession that
suggests deposition by prograding turbidite systems (Fig. 15; see
Walker, 1978, 1984). These bedded turbidites have been interpreted
to represent the continuous reflections in the lowermost part of
sequence 10, indicating that these sediments were deposited follow-
ing a period of tectonic tilting and differential subsidence of the
Queensland Trough (Figs. 2 and 13). Seismic data for the underlying
sequence 11 show a series of lobate bodies that may represent small
submarine fan lobes that extend eastward over an irregular bottom
topography (Figs. 14G and 14H). Alternatively, these lobate thicken-
ings and irregular westward-sloping bottom topography may be
post-depositional deformational features related to later westward-
sliding and compressional-buckling.

During the middle to late Miocene, active faulting and differential
subsidence caused tectonic tilting of the seafloor beneath Site 823
(Figs. 2 and 13). The wedge-like body of sediment comprising se-
quence 10 has an unusual geometry, which is interpreted as a large
submarine slide that moved along a westward-dipping detachment
horizon within sequence 11 (Figs. 13 and 14). Sequence 10 correlates
with the middle part of Unit VII (Figs. 2 and 16), which has an upward
increase in debris-flow and slump deposits. Thus, sequence 10 prob-
ably represents a slide block and debris apron that accumulated in a
structural depression at the base of faulted and tectonically tilted
slopes (Figs. 2 and 13; Eberli, 1987,1991). The structural depression
adjacent to this postulated slide block was later filled by the slump
and debris-flow deposits of uppermost Unit VII and Unit VI (seismic
sequences 8 and 9; Figs. 14B-14D).
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Figure 13. Seismic profile trends east-west across Site 823 and part of the Queensland Trough. Location of profile is shown in maps (Figs. 1 and 14A). Note
evidence of tectonic tilting of sequence 11. Sequence 10 (middle to upper Miocene Unit VII) is thought to represent a major slide block and associated gravity
deposits that moved down tectonically steepened slopes. Sequence 9 (Unit VI) fills the ponded depression adjacent to the slide block. All later sequences have an
eastward-to-northeastward slope, similar to the present seafloor. Differential subsidence and associated small-scale faulting continue up into sequence 5.

Unit VII is distinguished by the clasts of neritic limestone that occur
in several beds of relatively coarse-grained mixed sandstone turbidites
and debris-flow conglomerates. In addition, bioclasts and large fora-
minifers within turbidites were derived from neritic sources and in-
clude red algae, rhodoliths, and Lepidocyclinα foraminifers that have
reefal affinities (Fig. 16). The limestone clasts and neritic bioclasts
either were derived from carbonate build-ups on either side of the
Queensland Trough or were transported down the trough axis from
more distant carbonate platforms south of Site 823. The abundance of
terrigenous sediment (quartz, feldspar, and lithic fragments) in these
mixed sandstones indicates derivation from the basement rocks of
northeastern Australia, either from the mainland or from basement
highs on the eastern side of the Queensland Trough (Fig. 2). The
compositional and textural immaturity (presence of relatively angular
feldspars and lithic fragments) and coarse grain size favor derivation
from locally uplifted fault blocks that exposed basement rocks (Feary
et al., this volume). In contrast, more mature, relatively rounded quartz
(such as that in the higher units) was probably transported from sources
in mainland Australia. Hemipelagic sediments are dominated by mixed
mudstone and claystone with terrigenous mud, presumably derived
from the Australia mainland. Ubiquitous pelagic foraminifers were
reworked from slopes and increase in abundance upsection, with a
concomitant decrease in other components.

Low sedimentation rates within the lower part of Unit VII (Fig. 12
and Table 2) may have favored formation of glauconite and phosphate
redeposited in the mixed sandstone turbidites (Fig. 16). However, the
mixed sandstone turbidites also contain relatively coarse-grained ter-
rigenous sediment that indicate significant clastic influx, rather than
the thin accumulations of mud expected in a condensed sequence. The
more rapid rates of sedimentation seen in higher units resulted from
major influx of terrigenous hemipelagic muds from the Australian
continent, with admixtures of pelagic carbonate. The reason for the
lower influx of terrigenous sediment during the middle to early late
Miocene is unknown, but tectonic movements at this time may have
preceded renewed uplift of terrigenous source areas, such as the Great
Dividing Range of northeastern Australia (Belperio, 1983).

Late Miocene Drowning of the Northeastern
Australia Shelves

The reduced supply of terrigenous and bioclastic sediments indi-
cates that the shelves bounding the Queensland Trough were drowned
during the late Miocene (see Schlager, 1980, 1981; Robertson and
Bliefnick, 1983). Debris-flow conglomerates and turbidites in the
lower part of Unit VI indicate continued slope instabilities. The
absence of neritic limestone fragments above Unit VII indicates that
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Figure 13 (continued).

drowned carbonate platforms were buried beneath blankets of hemi-
pelagic sediments. The influx of terrigenous quartz in turbidites in the
lower part of Unit VI (870 mbsf/~7.1 Ma) diminished as drowning of
the northeastern Australia shelf began. The estimated age of this
drowning event is approximately 6.6 to 6.8 Ma (830-850 mbsf),
based on the last significant influx of red algae, bivalves, and large
neritic foraminifers in turbidites (Fig. 16). The eustatic sea-level curve
shows a highstand at this time (Haq et al., 1988). Thus, this drowning
event may have resulted from tectonic subsidence, coupled with a
eustatic highstand of sea level.

Following the drowning event, turbidites at the top of Unit VI
consist primarily of reworked planktonic foraminifers, indicating that
basement highs were blanketed by hemipelagic sediments. Interest-
ingly, the decrease in neritic bioclasts and inferred platform drowning
coincide with the reduced influx of debris-flow conglomerates in Unit
VI, suggesting concomitant stabilization of the slopes bounding the
Queensland Trough.

Turbidites at the top of Unit VI consist primarily of reworked
planktonic foraminifers, indicating that basement highs were blan-
keted by hemipelagic sediment. Chalk is the dominant background
sediment, indicating minimal terrigenous influx except in muddy and
sandy turbidites. Unfortunately, the absence of age control in Unit VI
requires us to interpolate the age of the drowning event between
biohorizons in adjacent units, possibly resulting in errors in estimating
age. The interpolated ages shown in Figure 16 assume a constant
sedimentation rate of 87 m/m.y. (see discussion in Unit VI description

Fault

and Fig. 12). However, the background sediments of Unit VI were
dominated by pelagic carbonate ooze (now chalk), implying relatively
low sedimentation rates, particularly for the upper part of Unit VI that
contains fewer and thinner gravity deposits.

Independent evidence of this drowning event is provided by Katz
and Miller (this volume). Benthic foraminifers indicate that Unit VII
and the lower part of Unit VI were deposited in shallower water than
the younger sediments at Site 823, in middle bathyal (600-1000 m)
rather than lower bathyal (1000-2000 m) depths. Although Katz and
Miller (this volume) state that the precise position/timing of this
change in water depth is uncertain, it probably lies within Unit VI in
the interval between 767 and 879 mbsf (between 5.89 and 7.19 Ma).
Our estimated age of 6.6 to 6.8 Ma for the drowning, based on turbi-
dite compositions, is more precise; however, all age estimates are
limited by poor biostratigraphic control in Unit VI.

Latest Miocene Influx of Terrigenous Mud

Unit V is dominated by mixed mudstone and claystone, indicating
significant influx of terrigenous mud in the latest Miocene (Mes-
sinian, 5.5-6.2 Ma). The general absence of turbidites and debris-flow
deposits indicates slope stability, with little significant influx of coarse
redeposited sediments. The abundance of slumps indicates that slope
failures were mass movements involving large coherent blocks of
material, rather than sediment gravity flows. Although the predomi-
nance of muds suggests that the northeastern Australian shelf was still
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Figure 14. Maps derived from three-dimensional seismic data show the bathymetry of the seafloor (in m) near Site 823 and the calculated depths and thicknesses
of seismic sequences 9, 10, and 11 (correspond to Units VI and VII). Larger-scale relationships are shown in seismic profiles (Figs. 2 and 13). A. Depth contour
map showing the present-day seafloor that slopes to the northeast. The east-west line through Site 823 is the seismic line illustrated in Fig. 13. B. Depth contour
map for the base of sequence 8 showing a generally northeasterly dipping surface, with some irregularities. Note that this slightly inclined, northeastward slope
away from the northeastern Australia continental shelf is seen in seismic sequences 1 through 7 in the seismic profile (Fig. 13), with a geometry generally
similar to that of the present seafloor. C. Depth contour map for the base of sequence 9 showing the eastern margin of a wedge-shaped Paleobathymetric high
formed by sequence 10. D. Isopach map showing the westward-thinning and onlapping of sequence 9 onto the Paleobathymetric high formed by sequence 10.
E. Depth contour map for the base of sequence 10 showing a westward-dipping surface. F. Isopach map showing the dramatic westward-thickening of sequence
10, a wedge-shaped body interpreted as a giant slide block (see Fig. 13). G. Depth contour map showing the irregularities along the westward-dipping surface
beneath sequence 11. H. Isopach map showing the irregular lobate thickening of sequence 11 that may represent either submarine fan lobes or deformational
features associated with tectonic tilting and westward-sliding of the sequence 10 slide block.
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Figure 14 (continued).

drowned, significant amounts of terrigenous clay derived from main-
land Australia were carried offshore and blanketed much of the
Queensland Trough. Sedimentation rates were high and show a
progressive increase (115-151 m/m.y., averaging 121 m/m.y.). Quartz
sand in turbidites precedes the influx of terrigenous mud, becoming
common in the upper part of Unit VI (Figs. 10 and 11). Quartz is
ubiquitous in the few turbidites of Unit V. Quartz increases in abun-
dance (along with fewer bioclasts) toward the top of Unit V and the
lower half of Unit IV (656-714 mbsf; Figs. 9, 10, and 16). The
estimated age of this upper group of quartzose turbidites (5.2-5.6 Ma)
may coincide with a major third-order sequence boundary and eu-
static lowstand in the uppermost Messinian (Fig. 16; Haq et al., 1988;

Wornardt and Vail, 1991). Unfortunately, age uncertainties cast some
doubt on the depositional timing in Unit V.

Early Pliocene Slumping and Debris Flows

Unit IV formed during a time of continued stability, as indicated
by the general paucity of debris-flow and turbidite deposits and the
dominance of hemipelagic sediments (Figs. 9 and 16). Slumping was
the major mechanism of the gravity transport, involving both hemi-
pelagic clayey calcareous ooze (now chalk) and mixed mud (now
mixed mudstone/marlstone) and periodically incorporating interbed-
ded turbidites within slump blocks. Turbidites are slightly more
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clasts, quartz, forams and bioclasts.

Very thin (mostly <1 cm) to thin (mostly < 10 cm),
turbidites mixed sandstone alternating with calcareous
claystone, mixed mudstone and rare chalk. Turbidites
contain variable amounts of quartz, foraminifers,
bioclasts, and intraclasts (including rare neritic
limestone clasts). Intraclastic conglomerates contain
folded mudciasts. Upward-coarsening/thickening and
upward-fining/thinning trends occur at a variety of
scales. Phosphatized bioclasts and glauconite-filled
large foraminifers occur along with coarse terrigenous
sand.

Figure 15. Generalized stratigraphic column for Unit VII. See Figure 4 for key to symbols. Note turbidites at base and debris flows and slumps at top. Also

note the abundance of quartz and locally common bioclasts. Clasts of neritic limestone occur in gravity deposits throughout the unit.
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common than in Unit V and primarily are composed of reworked
pelagic foraminifers, indicating that the northeastern Australia conti-
nental shelf remained drowned throughout the early Pliocene. One
thick debris-flow conglomerate that initiated as a slump has an
estimated age of 4.86 Ma.

Debris-flow deposits increase in abundance in Unit III, particularly
in the upper part (Subunit IIIA, Fig. 8), possibly in response to a
lowstand of sea level at 3.5 to 3.8 Ma (Figs. 8 and 16). Alternatively,
these slope failures may have resulted from renewed tectonic move-
ments (differential subsiding) along faults that extend up to seismic
sequence 5. Brittle faulting is evident as high as 395 mbsf in Unit III,
indicating that small-displacement tectonic movements possibly con-
tinued until as recently as 3.7 Ma. Strangely, variation in sedimentation
rates within this interval shows no obvious correlation to either the
abundance of gravity deposits or the eustatic curves (Figs. 8 and 16).

Following the succession of debris flows and slumps in Unit III,
the lower part of Unit II is dominated by hemipelagic clayey calcar-
eous chalk having rare, thin interbeds of turbiditic foraminiferal
chalk, indicating relative slope stability (Figs. 7 and 16). These sedi-
ments were involved in slumping in a few intervals, indicating occa-
sional small slope failures and mass movements. The 3.0 to 3.5 Ma
age of this interval indicates quiescence was restored in the early late
Pliocene, during a transgression and highstand. Quartz is locally
abundant, indicating either out-of-phase terrigenous influx or incor-
rect age determination.

Late Pliocene Rejuvenation of the
Northeastern Australia Shelf

Abundant turbidites in Unit II show significant changes in com-
position, with influxes of quartz and bioclasts heralding the rejuve-
nation of the northeastern Australia shelf (Figs. 7, and 16). Inferred
shallowing events may correspond with eustatic lowstands at 3.0 and
2.6 Ma, a time dominated by relatively low sea levels (Fig. 16).

Above and including Core 33X (308-259 mbsf), a progressive
increase in turbidite abundance, bed thickness, and grain size indi-
cates increasing supplies of reworked pelagic foraminifers to Site 823
from slope and/or drowned shelf sources. The estimated age of this
increased turbidite influx coincides approximately with a third-order
sequence boundary and a lowering of sea level at 3.0 Ma (Fig. 16;
Wornardt and Vail, 1991).

The middle part of Unit II records a major change in patterns of
sedimentation along the northeastern Australia margin. The influx of
quartz and bioclastic sand in turbidites, in addition to increased
abrasion and fragmentation of foraminifers, suggests a progressive
lowering of sea level. The presence of terrigenous sand in turbidites
indicates that the sediment was derived from the northeastern Austra-
lia mainland, rather than from the Queensland Plateau. Increased
terrigenous influx also is indicated by relatively clay-rich hemipelagic
sediments (Fig. 7). The abrasion of foraminifers attests reworking by
waves or currents before transportation downslope by turbidity cur-
rents. The bioclastic grains are primarily bivalves and echinoderms
and lesser ostracods that probably were reworked from neritic shelf
sources along with neritic foraminifers. The age of this influx of
mixed sandstone turbidites has been placed precisely at 2.6 Ma, which
coincides with a fourth-order sequence boundary and a lowering of
eustatic sea level (Wornardt and Vail, 1991). Before this time, tur-
bidites containing pelagic foraminifers were reworked from the slope
and/or drowned shelf. Counter-intuitively, sedimentation rates are
relatively low between 1.8 and 2.6 Ma. Although the influx of
turbidites containing bioclasts and quartz increased at this time, the
reduced supply of debris-flow and slump deposits may have lowered
the overall sedimentation rate.

The abundant debris-flow and slump deposits in the upper part of
Unit II coincide with interbedded, relatively clay-rich, hemipelagic
mixed mudstone and lesser calcareous claystone (Fig. 7). The asso-
ciation with mixed mudstone and calcareous claystone may suggest

that these hemipelagic sediments were inherently incompetent and
prone to generating slumps and debris flows. A debris-flow deposit
at 161 to 167 mbsf contains some reworked material, as indicated by
the reworked nannofossil Discoaster brouweri (1.88 Ma) that is
significantly older than its estimated age of 1.6 Ma. These older
sediments were probably derived from erosion farther upslope, as
indicated by a possible unconformity and erosional features of this
age at Site 822 (Figs. 1 and 2; Shipboard Scientific Party, 1991, pp.
624 and 671). Turbidites containing bioclasts, quartz, and lesser
foraminifers indicate continued influx of sediments from the north-
eastern Australia shelf. Slumped intervals typically contain turbidite
beds and grade into debris-flow deposits with clast break-up fabrics,
both of which suggest locally derived mass movements. The slump
and debris-flow deposits do not show any obvious relationship to the
eustatic curve (Fig. 16).

Variable Pleistocene Sedimentation

Unit I contains a variety of gravity deposits, including successions
of turbidites and thick debris-flow and slump deposits (Figs. 6 and 16).
Bioclastic grains and quartz continued to be transported into the
Queensland Trough in turbidites, with a concomitant reduction in
abundance of foraminifers (Figs. 6 and 16). Thus, the northeastern
Australia continental shelf remained in relatively shallow neritic
depths and was able to support a shelly fauna. No significant faults of
this age are evident in seismic profiles (Figs. 2 and 13); thus, tectonics
and associated seismicity were less important in triggering gravity
flows here than in older units. However, the steep slopes bounding the
Queensland Trough, which were inherited from previous tectonic
movements, continued to generate a variety of gravity deposits.

Unit I and the uppermost part of Unit II are Pleistocene in age,
which is widely recognized as a time of rapid glacioeustatic sea-level
fluctuations. The age of Unit I is well constrained by closely spaced
biohorizons. Although no single sedimentological variable can be
consistently tied to sea-level fluctuations shown on the eustatic curves
(Wornardt and Vail, 1991), some of the gravity deposits might be
related to sea-level fluctuations, as explained below.

Continuing from the latest Pliocene into the early Pleistocene (as
young as 1.4 Ma; Figs. 7 and 16), repeated slope failures generated
debris flows and slumps. Then, a succession of turbidites formed at the
transition between Units I and II (103-136 mbsf; approximate age,
1.23-1.38 Ma). The thickest turbidites are dated at 1.31 to 1.32 Ma
(114—116 mbsf) at the end of a lowstand in sea level that followed the 1.4
Ma sequence boundary (Wornardt and Vail, 1991). Younger turbidites
show progressive decreases in bed thickness that might be related to a
subsequent transgression. Alternatively, the turbidites may represent
the final waning of the larger Pliocene-Pleistocene slope failures.

Later slump and debris-flow deposits in the middle of Unit I have
an estimated age range of 0.58 to 1.13 Ma, a time of numerous
small-scale fluctuations in sea level (Figs. 6 and 16). Because these
thick debris-flow and slump deposits are event deposits and might
have occurred at random intervals, it is difficult to determine accu-
rately the precise age of each slope failure event. However, it is
interesting that these slumps and debris flows occurred during a time
of initiation of the Pleistocene high-frequency glacioeustatic sea-level
fluctuations. Major decreases in sea level at this time are thought to
be equivalent in magnitude to the most recent decline in glacioeustatic
sea level (Wornardt and Vail, 1991) and may have been important in
generating mass flows.

Thick turbidites in the upper part of Unit I are most abundant at
35 to 49 mbsf and have an estimated age range of 0.48 to 0.55 Ma
(Figs. 6 and 16). An upward-thickening/coarsening sequence between
36 and 40 mbsf (4.9-0.51 Ma) is particularly well developed and may
be related to the 0.5 Ma sequence boundary. However, this interval
apparently corresponds to the glacial isotopic stage 14, which is a
eustatic lowstand dated at -0.50 to 0.54 Ma, indicating slight prob-
lems in age estimates (D. Kroon, written comm., 1992; see Shackleton
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Figure 16. A. Chronostratigraphy of different units at Site 823 and generalized age distribution of different gravity-flow deposits are compared with eustatic onlap
and sea-level curves for the middle Miocene to Holocene. The eustatic curves are from Womardt and Vail (1991; between 6.0 Ma and present) and Haq et al. (1988;
between 10.8 and 6.0 Ma). Horizontal lines are third-order sequence boundaries and shaded areas represent highstand system tracts (Womardt and Vail, 1991; Haq
et al, 1988). Major events influencing sedimentation in the Queensland Trough are also indicated. See Figure 4 for key to symbols used in lithologic column. Age
data and sedimentation rates were taken from Tables 2 and 3. Note the absence of precise age control before 6 Ma and queries where biohorizons may have been
reworked in gravity deposits. B. Abundance of different grains vs. age. Horizontal lines represent third-order sequence boundaries and the shaded pattern represents
highstand system tracts (extending from Fig. 16A). Note increased abundance of bioclasts after 2.6 Ma.
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and Opdyke, 1976). The increased abundance of quartz in turbidite
samples at 34 and 37 mbsf (0.48 and 0.49 Ma) indicates an influx of
terrigenous sediments during aeustatic lowstand (possibly the 5.0 Ma
sequence boundary of Wornardt and Vail, 1991). Perhaps sea level
was lowered sufficiently for terrigenous and bioclastic sediments to
be transported across the shelf and down the slope as turbidites, but
not low enough to trigger major slumps and slides. A thick debris-flow
deposit at 16.1 to 24.3 mbsf is estimated to be 0.4 Ma in age,
coinciding with another sequence boundary and eustatic lowstand
(Wornardt and Vail, 1991).

Younger sediments are dominated by hemipelagic clayey calcare-
ous ooze and mixed mud, with rare, very thin turbidites having no
obvious relationship to the latest Pleistocene fluctuations in sea level.
However, an unusual debris-flow deposit (at 1.25-1.85 mbsf) has an
estimated age of 0.020 Ma and includes a variety of coarse terrigenous
sediments, neritic bioclasts (including Halimeda), and mud clasts
eroded from older (-0.3 Ma) slope sediments. A lowstand of sea level
during the most recent glacial epoch may have permitted coarse
terrigenous sediments along with neritic bioclasts to be transported
across the emergent northeastern Australia shelf. These mixed sedi-
ments spilled over the shelf margin, moved downslope as a debris
flow that eroded mud clasts from the channel walls, and were depos-
ited at Site 823.

CONTROLS ON THE NATURE OF
GRAVITY DEPOSITS

What caused these slope failures and what determines the mecha-
nisms of transport and deposition? Tectonics determines the basin
configuration and differential subsidence controls slope steepness and
accommodation space available for sediment (Stow et al., 1985).
Seismicity associated with tectonic movements can cause liquefac-
tion of unconsolidated sediments and result in slope failures (Einsele,
1989,1991). Tectonic uplift of sediment source areas play a secondary
role by influencing sedimentation rates and sediment compositions
(Stow et al., 1985). Slope failures may also naturally result from
sediments that accumulate on preexisting slopes until gravitational
instabilities exceed their shear strength (Einsele, 1989, 1991; Stow
and Piper, 1984; Stanley, 1985). The composition of sediments deter-
mines their shear strength, the nature of slope failures, and resultant
gravity deposits (Einsele, 1989, 1991). Fluctuations in eustatic sea
level influence water depth, energy conditions, and sediment supply
to the shelf edge and slope (Eberli, 1991). Gravity deposits of the
Queensland Trough (Site 823) were generated by a combination of
these factors. Tectonics was particularly important during the Mio-
cene, as variations in sedimentation rates and composition affected
gravity deposits throughout the succession, and relative and eustatic
sea-level fluctuations were also important.

Tectonics

The Queensland Trough is a marginal basin that initially developed
as a result of extensional tectonics and rifting during the Late Creta-
ceous and Tertiary (Symonds et al., 1983; Davies et al., 1989). Tectonic
movements were important in establishing the basin architecture by
creating steep slopes along the margins of the Queensland Trough.
Tectonically steepened slopes set the stage for the generation of thou-
sands of gravity deposits. The Queensland Trough seismic profile (Fig.
13) is remarkably similar to that of the Miocene-Pliocene Tyrryhenian
slope basins east of Sardinia (Stanley, 1985, p. 400); both areas are
dominated by redeposited muds. The Queensland Trough effectively
separates the northeastern Australia mainland from the Queensland
Plateau, an isolated carbonate platform that flourished through much
of the Miocene (Davies et al., 1989). Smaller structural depressions
(slope basins) in the late Miocene may have similarly captured ter-
rigenous sediments shed from the Australian mainland. During the late
Miocene to Pliocene, tectonic readjustments led to reactivation of

faults in the Queensland Trough and to destabilization of its slopes.
A component of compression in the late Miocene fault movements
led Symonds et al. (1983) to interpret them as convergent/left-lateral
wrench faults. Structures inherited from the previous extensional
tectonism apparently were reactivated in an intraplate compressional
regime, possibly related to convergence along the northern and east-
ern margins of the Australian Plate (see Cloetingh, 1988).

Faulting, differential subsidence, and tilting caused slopes bound-
ing the Queensland Trough to become unstable. Westward-tilting and
associated seismicity possibly caused a huge gravitational slide block
to become detached from the eastern fault scarps and to slide toward
the subsiding axis of the Queensland Trough. Debris-flow and slump
deposits in Unit VII were generated at 8.6 to 9.2 Ma, despite a eustatic
highstand at this time (Figs. 15 and 16). Some of these slope failures
may have been triggered by associated seismicity (Mutti et al., 1984;
Einsele, 1991). Interestingly, small-scale fault offsets (microfaults)
are most common in Unit VII, particularly in slump blocks, providing
independent evidence of faulting at the basin margins (Eberli, 1987,
1991). Basement rocks were uplifted and exposed to submarine
erosion, as recorded by immature sands (relatively coarse-grained,
angular and unweathered feldspars and lithic fragments). Some of
these basement highs may have been capped by carbonate build-ups,
as fragments of neritic limestone suggest (Cook and Mullins, 1983;
Cook et al. 1972).

A structural depression adjacent to the slide block became a small
ponded basin that was rapidly filled with gravity deposits and hemi-
pelagic sediments (dominated by calcareous chalk that was isolated
from mixing with terrigenous detritus). Interestingly, the increased
sedimentation rates and the influx of terrigenous mud from the Aus-
tralian continent post-date the tectonism in the Queensland Trough,
perhaps heralding uplift of sediment source areas on the Australian
mainland. Later tectonic movements in the Queensland Trough were
relatively minor, as indicated by the absence of significant tilting of
sequence 9 and of younger deposits. However, differential subsidence
resulted in small-scale movements along preexisting faults that extend
as high as seismic sequence 5 (Unit III). The highest occurrence of
microfaults is in Unit III at 395 mbsf (-3.7 Ma), which provides
independent evidence of the minimum age of fault movements. Alter-
natively, subsidence and microfaulting may have resulted from dif-
ferential compaction of heterogeneous basinal sediments.

The late Miocene (-6.6-6.8 Ma) pulse of tectonic subsidence,
together with eustatic highstands, led to the drowning of the Queens-
land Plateau carbonate platform (see Davies et al., 1989; Katz and
Miller, this volume; Schlager, 1981). Subsequently, the predominance
of pelagic foraminifers in turbidites from Site 823 indicates that the
northeastern Australia shelf remained drowned until a eustatic low-
stand at 2.6 Ma permitted bioclastic and quartzose sediments again to
be produced on the northeastern Australia continental shelf and sup-
plied to the Queensland Trough (see below).

Sedimentological Controls

What do the composition and nature of turbidites, hemipelagic,
and other gravity deposits imply about the nature of slope failures and
sedimentation on adjacent shelves? The composition of sediments can
provide valuable clues about sediment source areas, particularly the
shelves and slope bounding the Queensland Trough. The mechanical
behavior of different types of sediment are important components for
determining their proclivity to slope failure and the type of gravity
deposit generated by downslope movement (Stanley, 1985; Einsele,
1989, 1991).

Turbidite Sands

A supply of sand-sized sediment is necessary for sandy turbidites
to develop. The Queensland Trough has three sources of sand that are
related to specific sources of sediment: (1) terrigenous sediment from
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the Australian mainland or from local late Miocene basement highs
adjacent to the trough, (2) planktonic foraminifers that were reworked
from the slopes bounding the adjacent trough or swept off drowned
shelves, and (3) neritic carbonate sediment, primarily bioclasts that
originally inhabited shallow-marine shelves. Limestone fragments
were derived from carbonate platforms before their burial beneath
hemipelagic sediments during the late Miocene. Other common sand
grains include glauconite and phosphate that formed as authigenic
minerals on the seafloor. By examining the composition of turbidites,
inferences can be made about the nature of sedimentation on the
adjacent shelves, which serve as the source of turbidite sands (Rusnak
and Nesteroff, 1964; Scholle, 1971; Cook and Taylor, 1977; Davies,
1977; Schlager, 1980; Thiede, 1981; Premoli Silva and Brusa, 1981;
Robertson and Bliefnick, 1983; Watts and Garrison, 1986; Schlanger
and Premoli Silva, 1986; Eberli, 1987, 1991; Reijmer, 1988, 1991;
Haak and Schlager, 1989; Dolan, 1989; Yose and Heller, 1989; Watts
andBlome, 1990; Everts, 1991).

Although small amounts of wind-blown quartz silt are ubiquitous,
quartz sand indicates influxes of terrigenous sediments, typically
during lowstands of eustatic (or relative) sea level (Vail et al., 1977;
Shanmugam and Moiola, 1982; see below). Terrigenous sand (typi-
cally well-rounded quartz) and mud were derived mostly from the
adjacent Australian mainland. Unusually coarse and compositionally
immature sands (slightly weathered feldspars and lithic fragments)
were probably derived from local basement highs that were uplifted
during times of active faulting (such as the late Miocene uplifts shown
in Figs. 2 and 14; see Feary et al., this volume).

Turbidites composed almost entirely of planktonic foraminifers
indicate drowned shelves, where the only sand-sized sediments avail-
able for transport were planktonic foraminifers (Scholle, 1971). Pe-
lagic sediments raining down out of the water column apparently
accumulated on the slopes of the Queensland Trough until gravitational
instabilities caused slope failure and the development of turbidity
currents. This process would be similar to snow avalanches that occur
on steep mountain slopes, with the foraminifers and other hemipelagic
sediments being the pelagic "snow." At Site 823, almost all the turbi-
dites (including mixed sandstones) contain an admixture of planktonic
foraminifers, indicating that these grains were entrained as the turbidity
currents moved down slopes blanketed by hemipelagic sediments.

Bioclastic sands provide even more information about their source
(Reijmer et al, 1988; Haak and Schlager, 1989). Some bioclasts (such
as red algae) required a stable substrate within the photic zone and
typically indicate a carbonate platform source. Rare rhodoliths in Unit
VII probably were derived from a reef (? Martin, pers. comm., 1991).
Bivalves, echinoderms, ostracodes, and neritic foraminifers are ubiq-
uitous along the northeastern Australia shelf (Marshall and Davis,
1978). The influx of bioclastic sands at -2.6 Ma indicates re-estab-
lishment of neritic conditions on the northeastern Australia shelf.

Hemipelagic Muds

Hemipelagic muds also show variations in composition that are
related to different sources of suspended mud-sized sediment. Ter-
rigenous clays and silt presumably were derived from the Australian
mainland and transported as suspended sediment offshore (Belperio,
1983; Stow and Piper, 1984; Stanley, 1985). Wind-blown silt and clay
also were derived mostly from the Australian mainland. Pelagic
ooze/chalk is composed of coccoliths and planktonic foraminifers
that lived in the water column and fell to the seafloor as perennial
sediments (Scholle, 1983). Periplatform ooze is fine-grained arago-
nitic mud that is derived from neritic carbonate platform sources
(Droxler et al., 1983; Boardman and Neumann, 1984). Because this
fine-grained aragonite typically is lost with diagenesis, periplatform
ooze is difficult to distinguish in older deposits.

Much (perhaps two-thirds!) of the muddy sediments in structural
basins bounded by muddy slopes probably was redeposited by mud
flows and dilute muddy turbidites (Stanley, 1985). Thick intervals of

uniform mud (unifites of Stanley, 1985) lacking sedimentary struc-
tures may represent redeposited muds and are difficult to distinguish
from homogeneous bioturbated muds deposited as hemipelagic
"rain" (Hesse, 1975; Stow and Piper, 1984).

Hemipelagic sediments at Site 823 are mixtures of the above
components. The most common hemipelagic sediment is mixed mud-
stone (40%-60% carbonate), indicating combined pelagic and ter-
rigenous sediment sources (Shipboard Scientific Party, 1991, p. 712
-713). Clays are the dominant terrigenous component, with quartz silt
generally being less than 10%. Hemipelagic sediments in Unit VII are
dominated by calcareous claystone and mixed mudstone with associ-
ated quartz sand, which indicate a predominantly terrigenous source.
Unit VI contains interbeds of relatively pure calcareous chalk, which
suggests low pelagic sedimentation rates and/or partial seclusion from
terrigenous influx. Alternatively, these calcareous sediments may have
been reworked off the Queensland Plateau, an isolated drowned plat-
form separated from terrigenous detritus (Davies, 1989; Shipboard
Scientific Party, 1991). Terrigenous muds in Unit VI occur as turbidites
derived from the northeastern Australian continental shelf. The influx
of terrigenous mud reaches a maximum in Unit V with increased
sedimentation rates, implying possible uplift of terrigenous source
areas on the Australian mainland. Alternatively, more proximal struc-
tural depressions may have captured most of the terrigenous sediments,
and the influx of terrigenous muds at Site 823 is a consequence of
progradation and filling of slope basins.

Another possibility is that the influx of terrigenous mud resulted
from climatic changes related to the northward drift of the Australian
Plate. Units higher in the section show alternations between clayey
calcareous ooze/chalk and mixed mudstone/mud that are not well
understood. Although calcite is the dominant carbonate component,
aragonite occurs in the upper 250 mbsf of Units I and II (Shipboard
Scientific Party, 1991, p. 714). The supply of periplatform aragonite
generally coincides with the influx of bioclasts in turbidites and
increasing contribution of periplatform sediment after 2.67 Ma. How-
ever, the contribution of aragonitic bioclasts (rather than periplatform
ooze) to this geochemical signature is unknown.

Debris-flow and Slump Deposits

Many debris flows originated as slumps, as indicated by folded
intraclasts and evidence of internal shearing of plastic muddy matrix
material (Pis. 3 and 4). Intraclasts are typically composed of calcareous
claystone/clay and clayey calcareous chalk/ooze. The shear strength of
mixed muds is related to their carbonate content (Kenter and Schlager,
1989), with pure carbonates being more competent than marly/mixed
muds. Debris-flow deposits at Site 823 most commonly have matrix
material composed of mixed mudstone. Within the intraclastic debris
flows, clasts of clayey calcareous (nannofossil-foraminifer) ooze typi-
cally were folded plastically, whereas cohesive calcareous claystone
broke into tabular to rounded clasts (Pis. 3 and 4). Clasts of neritic
limestone are confined to Unit VII, indicating exposure and erosion of
carbonate platforms during the late Miocene. Clayey calcareous ooze
(now chalk) appears to be more competent and may have moved
downslope as coherent slump blocks (Einsele, 1991). Cohesive cal-
careous claystone, such as that in Unit V, also appears to have moved
downslope as slump blocks. Thus, some intervals that are dominated
by debris-flow and associated slump deposits, such as the upper parts
of Units II and III, may have been inherently unstable because of their
incompetent mixed mud composition. With downslope movements,
mixed muds tended to evolve into debris flows, whereas clay-rich or
carbonate-rich muds were more coherent and remained as intact slump
blocks. Slide deposits (see Einsele, 1991) could not be distinguished
in narrow cores because they lacked diagnostic sedimentary structures
(e.g., inclined bedding, folding, and overturned beds that were used to
recognize slump deposits). Homogeneous mud-flow deposits would
be indistinguishable from hemipelagic muds, lacking the clasts that
characterize debris-flow deposits.
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Submarine Fan Variables

Facies models have been widely used to interpret gravity deposits
as different parts of submarine fans (e.g., Mutti and Ricci-Lucchi,
1978; Walker, 1978, 1984). Can gravity deposits at Site 823 be ex-
plained as a consequence of migration of submarine fan facies through
time? How can such facies variables be distinguished from the influ-
ences of tectonics, sedimentation, and eustasy (see below)? Applica-
tion of submarine fan models without consideration of other factors
might lead to erroneous interpretations. Successions of unchannel-
lized turbidites, such as those in Unit II, might be interpreted as
submarine fan lobe deposits (Facies C of Mutti and Ricci-Lucchi,
1978), particularly where organized into upward-thickening/coarsen-
ing successions. The debris-flow and slump deposits may be inter-
preted as inner-fan channel and slope deposits (Facies A and F of Mutti
and Ricci-Lucchi, 1978). Thin turbidites in intervals dominated by
hemipelagic muds then might be considered either basinal deposits
or interchannel areas on the upper fan or slope (Facies D, E, and G of
Mutti and Ricci-Lucchi, 1978).

However, submarine fan models probably may not apply to basins
in tectonically active regions, particularly narrow, structurally con-
trolled basins that might promote longitudinal transport of sediment
gravity flows (Walker, 1984; Hsü et al., 1977; Eberli, 1987, 1991).
Queensland Trough is a narrow basin confined to a structural depres-
sion, with relatively steep slopes along its margins (Stanley, 1985).
Because the shelf was drowned for much of its history, coarse
terrigenous sediment was not supplied at point sources (Mullins and
Cook, 1986). Instead, huge volumes of sediments deposited in the
Queensland Trough were reworked from unstable slopes. Slopes that
were oversteepened by tectonic tilting and/or differential subsidence
were particularly susceptible to failure. Thus, the basin geometry,
particularly its steep marginal slopes, was instrumental in controlling
facies distribution.

Strong continuous reflectors traceable across the entire Queens-
land Trough seismic profile correlate with intervals that contain
well-bedded turbidites and hemipelagic sediments (Figs. 3 and 13).
The intervening debris-flow and slump deposits correlate with thick
intervals that generally lack reflectors. This would indicate that the
different types of gravity deposits are widespread and formed at
specific times during the history of the margin. It is unclear if any
point source fans existed in the Queensland Trough. Instead, thick,
laterally continuous successions of gravity deposits and interbedded
hemipelagic sediments blanketed the entire basin floor.

Eustatic Fluctuations in Sea Level

The excellent age control in Units I to V provides an opportunity
to compare the age distribution and the nature of different gravity
deposits vs. eustatic and onlap curves (Fig. 16; Haq et al., 1988;
Wornardt and Vail, 1991). Tectonics was important in the Miocene to
Pliocene period of the Queensland Trough and no doubt triggered
many of the sediment gravity flows. Nonetheless, in some cases,
eustatic highstands or lowstands correspond with major events affect-
ing the Queensland Trough and its adjacent shelves, particularly the
drowning and rejuvenation of shelves bounding the trough.

The drowning of the northeastern Australia shelf and Queensland
Plateau generally coincides with the major second-order highstand that
culminated at 4.2 Ma. Although tectonics was most important, the
third-order highstand between 6.3 and 7.0 Ma coincides with this
deepening drowning event (Fig. 16). During this prolonged drowning
from the late Miocene to middle late Pliocene, eustatic fluctuations had
a limited effect. Upper Miocene to lower Pliocene Units IV and V are
dominated by clay-rich hemipelagic sediments that were prone to
slumping. The few turbidites that were generated at this time consisted
of foraminiferal ooze reworked from hemipelagic slope sediments.

The rejuvenation of the northeastern Australia continental shelf
coincides with fourth-order lowstands at the 2.6- and 2.42-Ma se-

quence boundaries (Fig. 16; Wornardt and Vail, 1991). Major changes
in turbidite compositions indicate that the previously drowned shelf
was rejuvenated after shallowing to neritic depths. With the initial
shallowing, planktonic foraminifers were abraded and washed down-
slope as turbidites, along with increasing amounts of bioclasts and
terrigenous sands. Increases in echinoderm and bivalve fragments
were followed by an influx of ostracodes (Fig. 16). From this point
onward, the northeastern Australia shelf remained shallow enough to
permit continued influx of terrigenous sands and the production and
redeposition of neritic carbonate bioclasts.

Unfortunately, no single sedimentological variable is tied consis-
tently to sea-level fluctuations shown in the eustatic curves (Fig. 16;
Wornardt and Vail, 1991). The absence of precise biostratigraphic age
control in Units VI and VII makes it difficult to relate this succession
to eustatic curves, particularly with the overwhelming influence of
tectonism in these middle to upper Miocene deposits. Some of the
lack of correlation with eustatic sea-level fluctuations might stem
from uncertainties in age determinations that resulted from possible
reworking of microfossils (biohorizon indicators). In addition, the age
calculations of individual deposits also may be skewed by nonlinear
sedimentation rates associated with rapid influx of thick gravity
(event) deposits. Because most Site 823 sediments are mixtures
derived from terrigenous, carbonate platform, and pelagic sources;
the absence of direct correlations may result from different responses
of different sedimentary systems to eustatic sea-level fluctuations.

Smaller-scale fluctuations in sea level are difficult to distinguish,
although selected gravity deposits and turbidite compositions may
coincide with specific eustatic lowstands or highstands shown in
Figure 16. The influx of bioclasts and quartz is the best indicator,
generally corresponding with eustatic lowstands. Planktonic foramin-
ifers are most abundant during relative highstands and times of platform
drowning. However, exceptions are the rule and no single sedimento-
logic variable consistently correlates with the eustatic signal.

Tectonics appears to have been the dominant control on gravity
deposition until the latest Miocene. In the latest Messinian (5.2-5.7
Ma), an influx of quartz and bioclasts in turbidites and an increase in
sedimentation rates generally correspond with a lowstand in sea level
(Fig. 16). However, the first influx of quartz at 5.7 Ma precedes the
5.5-Ma sequence boundary, possibly indicating reworking of the
5.6-Ma biohorizon in a slump deposit. Furthermore, the general
absence of turbidites in Unit IV implies that the influence of this
eustatic lowstand was minimal (Fig. 9). The lowstand shown for 4.0
to 4.2 Ma apparently was not of sufficient magnitude to affect gravity
sedimentation (Figs. 8 and 16).

A lowstand in sea level at 3.8 Ma may have been related to the
thick succession of alternating debris-flow and slump deposits that
comprise Subunit IIIA. However, these thick gravity deposits range
in age between 3.88 and 3.44 Ma, suggesting that a lowstand may
have caused the initial slope failures, but was not the only control.
The debris-flow deposits also may have been related to compositional
weaknesses of mixed muds (marly sediments, see above). The lowest
part of Unit II consists of hemipelagic clayey calcareous chalk having
rare turbidites and slumped intervals that were deposited during the
ensuing transgression and highstand (3.1-3.4 Ma).

During the early late Pliocene, a progressive increase in turbidite
abundance, bed thickness, and grain size indicates increasing supplies of
reworked pelagic foraminifers to Site 823 from slope and/or drowned
shelf sources. The estimated age of this increased turbidite influx coin-
cides approximately with a third-order sequence boundary and a
lowering of sea level at 3.0 Ma (Fig. 16; Wornardt and Vail, 1991). The
lowstands at 2.6 and 2.4 Ma coincide with rejuvenation of neritic shelf
sedimentation, as indicated by quartz and bioclasts in turbidites.

Sequence boundaries and associated lowstands between 1.9 and
1.3 Ma may be represented by turbidites and lesser debris-flow
deposits of uppermost Unit II and lowermost Unit I. However, similar
debris-flow and slump deposits extend back to 2.1 Ma, suggesting
that other variables were the dominant control. The ensuing transgres-
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sion and highstand at 1.3 Ma are associated with an interval dominated
by hemipelagic sediments having rare, very thin turbidites. Alterna-
tively, the turbidites might represent the final waning of the larger
Pliocene-Pleistocene slope failures.

Later slump and debris-flow deposits in the middle of Unit I have
an estimated age range of 0.58 to 1.13 Ma, a time of numerous
small-scale fluctuations in sea level (Figs. 6 and 16). Because these
thick debris-flow and slump deposits are event deposits and may have
occurred at random intervals, it is difficult to determine accurately the
precise age of each slope failure event. However, it is interesting that
these slumps and debris flows occurred during a time of initiation of
the Pleistocene high-frequency glacioeustatic sea-level fluctuations.
Major decreases in sea level at this time are thought to be equivalent
in magnitude to the most recent fall in glacioeustatic sea level (Wor-
nardt and Vail, 1991) and may have been a key factor in generating
mass flows.

An up ward-thickening/coarsening sequence between 36 and 40
mbsf (4.9-0.51 Ma) is particularly well developed and may be related
to the 0.5-Ma sequence boundary. However, this interval apparently
corresponds to the glacial isotopic stage 14 (a eustatic lowstand dated
at -0.50-0.54 Ma), indicating slight inconsistencies in age estimates
(Dick Kroon, written comm., 1992; see Shackleton and Opdyke,
1976). The increased abundance of quartz in turbidite samples at 34
and 37 mbsf (0.48 and 0.49 Ma) indicates an influx of terrigenous
sediment during a eustatic lowstand (possibly the 5.0-Ma sequence
boundary of Wornardt and Vail, 1991).

A thick debris-flow deposit at 16.1 to 24.3 mbsf was estimated to
be 0.4 Ma in age, which coincides with another sequence boundary
and eustatic lowstand (Wornardt and Vail, 1991). The youngest debris
flow (1.25-1.85 mbsf) has an estimated age of 0.02 Ma, coinciding
with the most recent glacial lowstand. Its unusual composition, in-
cluding very coarse terrigenous quartz, Halimeda, and reworked
mudclasts, suggests that the Australia shelf was emergent at this time,
which permitted the coarse terrigenous material to be transported to
the shelf edge and downslope.

In summary, some of the gravity deposits may correspond with the
eustatic sea-level fluctuations of Wornardt and Vail (1991). However,
in many ways the above discussion is an exercise in pattern matching
and requires focusing on specific intervals/deposits that apparently
correspond to the eustatic curve. Geologists are able to find patterns
where none exist when using eustatic curves (Miall, 1992) and even
when identifying upward-coarsening/thickening sequences of turbid-
ites (Hiscott, 1981). In many cases, the geologist is forced to ignore or
explain away gravity deposits that do not match the curves or models.
Although our age estimates may be flawed by reworking of microfos-
sils in a turbidite system, our age control is better than that used in most
other studies concerning the relationship between turbidites and eu-
static curves. In addition, seismic data allowed us to recognize the
importance of tectonics and basin setting. Furthermore, our detailed
sedimentologic studies shed light on the influence of sedimentary
variables. Thus, our study should stand as a warning to geologists who
analyze turbidites in deformed rocks that lack either sufficient age
control or a well-constrained framework for basin geometry and
tectonics. If the turbidites and other gravity deposits of Site 823 were
analyzed using only the eustatic curves and available turbidite models,
our interpretations would have been much different.

CONCLUSIONS

1. The Queensland Trough is a marginal basin inherited from
rifting during the Cretaceous and Tertiary. Tectonics was important
for determining basin and slope geometry, setting the stage for re-
peated slope failures and gravity deposits. In the late Miocene,
renewed tectonic movements caused block faulting, tilting, differen-
tial subsidence, and resultant slope instabilities. Seismicity probably
triggered some of the sediment gravity flows. During the early late

Miocene, a large slide block apparently became detached from a tilted
fault block and slid down a tectonically steepened slope. Associated
debris-flow deposits indicate tectonically induced slope instabilities
were initiated at approximately 9.0 Ma. Later in the Miocene, alter-
nating debris flows, slumps, turbidites, and hemipelagic sediments
filled irregular structural depressions on the seafloor to create the
present basin profile.

2. Late Miocene subsidence together with eustatic highstands
resulted in the drowning of the Queensland Plateau and northeastern
Australia shelf at approximately 6.6 to 6.8 Ma (age estimates may be
somewhat in error as a result of the lack of biostratigraphic control).
Independent evidence of the deepening of the Queensland Trough
(dropping it from middle bathyal to lower bathyal depths) is provided
by Katz and Miller (this volume).

3. During the latest Miocene and early Pliocene, the shelves
bounding the Queensland Trough remained drowned, but the north-
eastern Australia continental shelf and slope were blanketed by thick
accumulations of hemipelagic mud. Because of gravitational insta-
bilities, muddy slopes failed and triggered slumps and lesser debris
flows. Rare turbidites are composed primarily of redeposited plank-
tonic foraminifers. The steep unstable slopes were inherited from
previous tectonism along the basin margins, but differential subsid-
ence and minor faulting continued until approximately 3.5 Ma.

4. The rejuvenation/shallowing of the northeastern Australia con-
tinental shelf was heralded by the influx of turbidites containing
quartz and neritic bioclasts, coinciding with a late Pliocene eustatic
lowstand at 2.6 Ma. Neritic bioclasts (and lesser quartz) became
increasingly abundant in Pleistocene turbidites, with a concomitant
reduction in planktonic foraminifers.

5. The composition of turbidites reflects their origin. Terrigenous
influx occurs during lowstands when shelves are emergent or can
result from erosion of tectonically uplifted basement highs. Lime-
stone fragments were eroded from carbonate platforms (on basement
highs?) before their ultimate drowning and burial beneath a blanket
of hemipelagic sediments. Planktonic foraminifers were reworked
from oversteepened slopes and/or drowned shelves. Bioclastic grains
and neritic foraminifers were reworked from neritic shelves.

6. Sediment composition affects competency of hemipelagic sedi-
ments and thus influences the mechanisms of gravity transport. Mixed
mudstone is incompetent and forms the matrix of many debris-flow
deposits, whereas calcareous claystone and carbonate oozes were
more prone to slumping and sliding.

7. No single sedimentologic variable in turbidites and other gravity
deposits of Site 823 can be correlated consistently to the sea-level
fluctuations shown on eustatic curves (Haq et al., 1988; Wornardt and
Vail, 1991). The influences of tectonics, platform drowning, and
multiple sediment sources (including terrigenous sediment and both
neritic and pelagic carbonates) either overwhelmed or worked in
concert with eustatic controls. Some lack of correlation might be
explained by reworking of microfossils in gravity deposits and resul-
tant inaccurate age determinations. The best lowstand indicators are
the influx of quartz and bioclasts in turbidites. However, terrigenous
quartz can also be supplied during highstands or during times of major
sediment influx and/or from tectonic uplift of local source areas.

8. Turbidites and associated gravity deposits do not necessarily
indicate submarine fans, particularly in a narrow, tectonically active,
marginal basin such as the Queensland Trough. Thus, models for
submarine fan sedimentation with migrating channels and prograding
lobes do not explain the distribution or interrelationships of different
gravity deposits. Instead, the nature of its gravity deposits were more
strongly influenced by basin geometry, tectonics, inherent sediment
weaknesses, and eustatic lowstands that triggered slope failures.
Because these variables can affect large areas, gravity deposits appear
to be generated during basinwide events that are traceable across
much of the basin, rather than being localized in certain submarine
fan environments.
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K.F. WATTS, L.L. VARGA, D.A. FEARY

APPENDIX A

Bedding Characteristics, Sedimentary Structures, and Depositional Mechanisms of Turbidites, Debris Flows, and Slump Deposits at Site 823 (Comput-
erized Data Only for the Upper 500 m of Recovered Core)

Sedimentary Structures
Turbidites

= Fine lamination (Td)

rvtv, Ripples (Tc)

s> Cross-lamination (Tc)

= Plane lamination (Tb)

— Graded bedding (Ta)

™ Scour

Debris flows

CS Clast supported

m S Matrix supported

BU Break-up fabric

Slump

•̂ • Slump fold

IN Inclined bedding/lamination

O T Overturned bedding

^7 Inverse grading

Other

C l Coarsening-upward succession

F i Fining-upward succession

? Uncertain

/// Faults

$$ Bioturbation

Zoo Zoophycus

< Shell fragments

ΛW Wavey bedding

Sample number indicates hole-core-section along
with top and bottom of each interval (in cm from top
of section). Section 0 = CC

Depth calculations for cores having more than
100% recovery (due to core expansion) may be
slightly in error.

Age for each sample is calculated based on
depth of the base of interval and assuming a
linear sedimentation rate between biohorizons.

Thicknesses were measured perpendicular to
bedding and omitting void space.

Textures are mean sand grain size, mud, silt, or
long dimension of coarser clasts.

Depositional Mechanisms

T Turbidite

DF Debris flow

S Slump

T in S Turbidite within slump

T in DF Turbidite within debris flow

DF in S Debris flow within slump

DF/2 Part of debris flow, in multiple sections

S/2 Part of slump, in multiple sections

DF to S Debris flow to slump, transitional

DF or S Debris flow or slump, uncertain

? Uncertain



MIOCENE TO PLEISTOCENE TURBIDITES

Appendix A (continued).

Sample

823A-1H-1

823A-1H-1

823A-1H-2

823A-1H-2

823A-1H-2

823A-1H-2

823A-1H-3

823A-1H-3

823A-1H-3

823A-1H-4

823A-1H-4

823A-2H-2

823A-2H-2

823A-2H-3

823A-2H-3

823A-2H-3

823A-2H-3

823A-2H-4

823A-2H-4

823A-2H-4

823A-2H-5

823A-2H-5

823A-2H-6

823A-2H-7

823A-2H-6

823A-3H-1

823A-3H-1

823A-3H-1

823A-3H-2

823A-3H-3

823A-3H-4

823A-3H-5

823A-3H-6

823A-3H-6

823A-3H-6

823A-3H-6

823A-3H-6

823A-3H-6

823A-3H-6

823A-3H-6

823A-4H-1

823A-4H-1

823A-4H-1

823A-4H-1

823A-4H-2

823A-4H-2

823A-4H-2

823A-4H-3

823A-4H-3

823A-4H-3

823A-4H-4

823A-4H-4

823A-4H-4

823A-4H-4

823A-4H-4

823A-4H-5

823A-4H-5

823A-4H-5

823A-4H-5

823A-4H-5

823A-4H-5

823A-4H-6

823A-4H-6

823A-4H-7

Top (cm)

39

125

0

0

64

104

12

24

66

83

95

51

87

11

38

73

84

98

120

134

4

131

137

3

22

95

123

86

0
0

0

0

0

51

59

105

111

114

0
0

45

46

48

57

5

32

67

6

52

126

34

49

109

131

148

0

4

44

59

32

114

1

145

23

Bottom
(cm)

40

150

35

35

66

108

13

28

69

84

99

52

88

13

42

74

87

99

123

137

10

132

140

23

25

102

125

150

150

150

150

121

52

57

65

106

113

150

150

150

46

47

49

63

6

33

70

8

53

127

35

52

110

132

150

2

8

50

62

62

118

4

150

24

Depth (m)

0.4

1.5

1.85

1.85

2.16

2.58

3.13

3.28

3.69

5.34

5.49

7.82

8.18

8.93

9.22

9.54

9.67

11.29

11.53

11.67

11.9

13.12

14.67

14.83

16.05

16.32

16.55

16.8

18.3

19.8

21.3

22.51

23.32

23.37

23.45

23.86

23.93

24.3

24.3

24.3

25.26

25.27

25.29

25.43

26.36

26.63

27

27.88

28.33

29.07

29.65

29.82

30.4

30.62

30.8

30.82

30.88

31.3

31.42

31.42

31.98

32.34

33.8

34.04

Age
(ma)

0

0.02

0.02

0.02

0.02

0.03

0.04

0.04

0.04

0.06

0.06

0.09

0.09

0.1

0.1

0.11

0.11

0.19

0.22

0.23

0.25

0.29

0.3

0.31

0.32

0.32

0.32

0.32

0.34

0.35

0.37

0.38

0.39

0.39

0.39

0.39

0.39

0.4

0.4

0.4

0.41

0.41

0.41

0.41

0.42

0.42

0.42

0.43

0.44

0.44

0.45

0.45

0.46

0.46

0.46

0.46

0.46

0.46

0.46

0.46

0.47

0.47

0.48

0.48

Thickness (cm)

1.2

24

34

58

1.5

2.6

1.2

2.4

2.2

1.1

3.8

1.5

1

2.1

4

1

4.2

0.6

0.3

2.8

5.5

1

3.5

19.6

2.8

2.5

0.5

64

150

150

150

121

52

1.7

1.5

1.6

1.5

36.5

150

814

0.8

0.8

0.9

5.9

0.2

0.6

0.5

2

0.7

0.2

1.2

4

0.4

1.1

3.6

5.8

3.9

1.8

1.1

30

4

1.1

6

0.5

Texture Base

VC

VF

VF

VF

F

F

F

F

F

F

F/VF

VF(C)

M

F/M

F/M

F/VF

F/VF

VF/silt

VF

F

F

F/M

F

F/M

F

F

VF

mud

mud

mud

mud

mud

VF/silt

VF/silt

VF

VF

mud

VF

VF

F

F

silt

VF

VF

VF

VF

VF

VF

F

VF

VF

F

VC

VF

F

F

F

F

VF

F

VF

Texture Top

13cm

7.2cm

7.2cm

VF/silt

VF/silt

VF

VF

VF

VF

VF

silt

mud

F

F

VF/silt

VF/silt

mud

mud

VF

VF

VF/silt

F/VF

VF/silt

VF

silt

5.5cm

5cm

15cm

11cm

3cm

VF

VF

VF/silt

VF/silt

5.5cm

VF/silt

VF/silt

VF/silt

VF/silt

mud

mud

mud

silt

VF/silt

VF/mud

VF/mud

VF/mud

M

silt/VF

VF/silt

VF

VF/silt

VF/silt

silt

silt

Mud cap

mud

mud

mud

mud

mud

mud

Sedimentary
Structure

CSBU

CSBU

CSBU

/WΛIH$$

/WΛ.IÜ$$

^ 1 1 1 $ $

/WA111$$

- $ $

m$$

m $ $

- $ $

m

m$$

/WΛIH

$$

/WΛIH$$

- $ $

m$$

m $ $

/WΛIH$$

m $ $

IN /WΛ i l l

IN JV BU ms

IN .Λ. BU (TIS

B u m s ^
ms^vßucs
ms^BU

ms IN
$$ ^ /WA OT IN

$$•^ΛΛΛΛOT IN

/w*lll$$

ms
ms^v

ms_/v

/W*lll$$

/WΛHI$$

/w*$$

/WΛIH$$

/WΛ$$

/WΛIH

/**$$

™$$
/WΛIÜ$$

ΛVΛIH$$

$$

/W«ill$$

~ $ $

/VWllll

/WΛHI$$

IN $$ ΛVΛIII$$

IN $$/WΛIH$$

IN $$/WΛIH$$

$$/W*lll$$

ΛMMH$$

=

ΛVA

Depositional
Mechanism ?

?

DF/2

DF/2

DF

T

T

T

T

T

T

T

T

T ?

T

T

T

T

T

T

T

T

T

T

T

T

TinDF
TinDF

DF to S/2
DFtoS/2

DF/2
DF/2
DF/2

DF in S/2
TinS
TinS
TinS
TinS

DF in S/2
DFtoS/2

DF

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T/2

T

T

TinS ?
TinS

S ?
T

T

T

T
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Appendix A (continued).

Sample

823A-4H-7

823A-4H-7

823A-4H-0

823A-5H-1

823A-5H-1

823A-5H-2

823A-5H-2

823A-5H-2

823A-5H-3

823A-5H-3

823A-5H-3

823A-5H-3

823A-5H-3

823A-5H-3

823A-5H-4

823A-5H-4

823A-5H-4

823A-5H-4

823A-5H-4

823A-5H-4

823A-5H-5

823A-5H-5

823A-5H-5

823A-5H-5

823A-5H-6

823A-5H-6

823A-5H-6

823A-6H-1

823A-6H-1

823A-6H-1

823A-6H-1

823A-6H-2

823A-6H-2

823A-6H-2

823A-6H-2

823A-6H-3

823A-6H-3

823A-6H-3

823A-6H-3

823A-6H-3

823A-6H-4

823A-6H-4

823A-6H-5

823A-6H-6

823A-6H-7

823A-6H-0

823A-6H-0

823A-7H-1

823A-7H-1

823A-7H-1

823A-7H-1

823A-7H-1

823A-7H-2

823A-7H-2

823A-7H-2

823A-7H-2

823A-7H-2

823A-7H-2

823A-7H-4

823A-7H-4

823A-7H-4

823A-7H-5

823A-7H-5

823A-7H-5

Top (cm)

32

42

1

34

83

26

64

112

2

16

40

85

97

138

0

9

57

78

98

149

0

66

96

116

12

73

112

33

56

91

118

11

38

63

110

0

21

66

88

112

0

19

0

0

0

0

0

73

109

126

133

104

11

17

56

0

114

135

19

68

133

91

10

0

Bottom
(cm)

37

43

3

50

134

41

106

115

5

20

70

91

115

150

9

30

58

84

132

150

43

79

101

117

23

112

150

39

58

92

128

16

39

82

111

16

22

75

90

151

19

150

119

150

70

25

25

74

110

128

134

134

12

22

73

110

115

136

20

127

136

93

138

150

Depth (m)

34.17

34.23

34.26

34.8

35.64

36.21

36.86

36.95

37.35

37.5

38

38.21

38.45

38.8

38.89

39.1

39.38

39.64

40.12

40.3

40.73

41.09

41.31

41.47

42.03

42.92

43.3

44.19

44.38

44.72

45.08

45.46

45.69

46.12

46.41

46.96

47.02

47.55

47.7

48.31

48.49

49.8

50.99

52.8

53.5

53.66

53.66

54.04

54.4

54.58

54.64

54.64

54.92

55.02

55.53

55.9

55.95

56.16

58

59.07

59.16

60.23

60.68

60.8

Age
(ma)

0.48

0.48

0.48

0.48

0.49

0.49

0.49

0.49

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.51

0.51

0.51

0.51

0.51

0.51

0.52

0.52

0.52

0.52

0.52

0.53

0.53

0.53

0.53

0.54

0.54

0.54

0.54

0.54

0.54

0.55

0.55

0.55

0.55

0.55

0.56

0.56

0.57

0.58

0.58

0.58

0.58

0.58

0.58

0.58

0.58

0.58

0.58

0.59

0.59

0.59

0.59

0.6

0.62

0.62

0.63

0.64

0.64

Thickness (cm)

0.4

1.1

3

14

50.8

17.8

41.6

3.1

2.5

3.6

30.8

6

18.5

12.3

8.8

22

0.7

6.7

33.3

1

43

12.2

5.7

0.3

10.5

38.5

38

2.6

1.6

0.6

10.5

3.8

0.5

18

1.3

16

0.7

0.7

1.8

39.4

19

131

119

150

70

24.5

526

0.2

0.2

1.5

0.3

30

0.2

1.5

1.7

110

0.5

0.4

0.6

57.8

2

1.2

0.2

150

Texture Base

F

F

F

F/M

M/C

F

M/C

F

F/VF

F/VF

F/M

F

F/M

cm
M

F/M

VF/F

F/M

F/M

VF

F/M

F

F

VF

F

M(C)

mud

F

F

VF

F

F

C/F

VF

VF

M

F

F/M

F

F

F

mud

mud

mud

mud

mud

mud

M

VF/F

silt

silt

silt

VF

VF

VF

silt/VF

F

VF

F

VF

VF

VF

Texture Top

VF

F/VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

silt

silt

silt

silt

VF

VF

5

VF

VF

VF/silt

VF

VF

mud

mud

VF

VF

F/M

VF

10.5cm

6.7cm

17cm

6.3cm

11cm

11cm

F

VF

VF

silt

silt

silt/VF

silt

VF/silt

silt

VF

silt

VF/silt

VF/silt

Mud cap

mud

mud

mud

mud

mud

mud

mud

mud

mud

mud

mud

mud

mud

Sedimentary
Structure

/WAI1I

111

rm

ΛVΛ —

/WAHI^SS

/WAlllSS

/WAüiSS
/WAüiSS

-SS
SS/WA-SS

/WAIll = S S

/WA 111

ΛIWMH.

H i

/WAIü

SS/WA 111/WA

ΛVΛHISS

/WAlliSS

/WA-SS

- S S

/WA

-SS
/WAIUSS

/WVIüiSS

/WA-SS
ΛWÜISS

msSS^
/WA-SS

/WΛ—_Λ_

ΛΛAA— S S

- S S

- S S

/WA 111 S S

i l l

-SS
777 . - S S

SS/WA-

CSBU

CSBU

C S B U ^

IN ms
CS

CS

i l l

^ Λ V W O T

777

777

/WA " IN

/WA i l l IN

_Λ_/WAÜISS

IN ^
/WA H i

/WAüi

/WAüiSS

/WAülfTIS

IN /WA i l l

IN /WA i l l

IN

Depositional
Mechanism ?

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

DF
T
T
T
T
T
T
T
T
T
T

7

T
T
T

DF/2
DF/2
DF/2

DF or S/2
DF/2 ?
DF ?
T

TinS
TinS
TinS ?

S ?
TinS
TinS
TinS ?

S
T
T
T

TtoDF
T

TinS ?
TinS ?

S/2 ?
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Appendix A (continued).

MIOCENE TO PLEISTOCENE TURBIDITES

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823A-7H-6
823A-7H-6

823A-7H-6

823A-7H-6

823A-7H-7

823A-7H-0

823A-8H-1

823A-8H-2

823A-8H-2

823A-8H-2

823A-8H-2

823A-8H-3

823A-8H-4

823A-8H-4

823A-8H-4

823A-8H-4

823A-8H-4

823A-8H-4

823A-8H-4

823A-8H-4

823A-8H-4

823A-8H-4

823A-8H-5

823A-8H-5

823A-8H-6

823A-8H-6

823A-8H-7

823A-8H-7

823A-8H-7

823A-8H-0

823A-8H-0

823A-8H-0

823A-9H-1

823A-9H-2

823A-9H-2

823A-9H-2

823A-9H-2

823A-9H-2

823A-9H-2

823A-9H-3

823A-9H-4

823A-9H-4

823A-9H-4

823A-9H-4

823A-9H-5

823A-9H-5

823A-9H-5

823A-9H-5

823A-9H-5

823A-9H-6

823A-9H-6

823A-9H-6

823A-9H-6

823A-9H-6

823A-9H-7

823A-9H-7

823A-10H-2

823A-10H-2

823A-10H-1

823A-10H-2

823A-10H-3

823A-10H-3

823A-10H-4

823A-10H-6

68

136

139

0

0

0

0

0

127

130

0

0

0

27

36

40

44

62

74

78

98

0

9

0

137

0

24

48

0

0

0

16

0

9

10

11

20

68

0

0

3

8

0

20

37

0

0

0

102

87

90

95

103

138

43

58

44

53

113

122

58

59

0

0

86

140

143

150

58

37

150

127

130

145

150

150

6

36

38

41

46

63

76

79

99

150

10

150

138

150

26

50

57

16

26

26

150

10

12

15

21

73

150

150

8

17

150

125

39

84

84

84

104

89

95

96

106

145

48

59

45

54

114

172

59

150

150

77

61.66
62.2

62.23

62.3

62.88

63.25

64.3

65.57

65.6

65.75

65.8

67.3

67.36

67.66

67.68

67.71

67.76

67.93

68.06

68.09

68.29

68.8

68.9

70.3

71.68

71.8

72.06

72.3

72.37

72.4

72.66

72.66

73.8

73.9

73.92

73.95

74.01

74.53

75.3

76.8

76.88

76.97

78.3

78.32

78.69

79.14

79.14

79.14

79.34

80.69

80.75

80.76

80.86

81.25

81.78

81.89

83.75

83.89

83.94

85.02

85.39

86.3

87.8

90.07

0.65
0.66

0.66

0.66

0.67

0.68

0.69

0.71

0.71

0.71

0.72

0.74

0.74

0.74

0.74

0.74

0.74

0.75

0.75

0.75

0.75

0.76

0.76

0.78

0.8

0.8

0.81

0.81

0.81

0.81

0.82

0.82

0.83

0.84

0.84

0.84

0.84

0.85

0.86

0.88

0.88

0.88

0.9

0.9

0.91

0.91

0.91

0.91

0.92

0.94

0.94

0.94

0.94

0.94

0.95

0.95

0.97

0.97

0.96

0.98

0.99

1

1.01

1.04

0.2

1.4

0.4

150

58

37

150

0.3

0.7

0.5

150

150

4.9

0.1

1.4

1.4

1

1.5

1.2

1.1

0.6

150

0.2

150

0.8

150

1.3

1.3

57

16

26

0.1

150

4

0.6

2.6

0.5

1

150

150

0.2

7.2

150

105

0.7

0.3

84

2002

0.2

2.2

5.4

0.4

2

6.5

4.5

1.1

0.7

0.4

0.5

0.8

1.1

91.3

150

8.5

VF

F

F

mud

mud

VF

mud

mud

mud

F

VF/F

VF/F

VF

VC

F

VF

VF

VF

mud

VF(M)

VF

VF

VF

mud

silt

VF

VF

VF

VF

VF

silt/VF

mud

VF/F

VF/silt

VF/silt

VF

mud

VF/silt

F

F

VF

F/VF

F

VF

VF

VF

VF

VF

VF

VF

mud

mud

F

silt
VF/silt

VF/silt

mud

F/M

VF/silt

VF

VF

F/M

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF/silt

VF/silt

VF/silt

VF/silt

VF (F-VC)

VF/silt

mud

mud

silt

VF

silt

silt

silt

silt

silt

mud

VF

silt/VF

silt/VF

silt/VF

VF/silt

VF

mud

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

F/M

7cm

F/M

VF/silt

mud

INmst SS
IN *« m SS

IN fm m

IN

Λ . IN

J V IN

IN ./v.

IN ΛW H I

IN /WΛ m

IN .yv.

IN j ^

ΛVΛHI =

fmllL

/WAH!

/WAH!

/WAHI

/WAHI

/WΛHI

ΛVΛHI

IN fm H I

IN _Λ_ fm H I

IN

H I

IN j ^

IN /WA H I SS

IN /WΛ Hi SS

IN ./\_ OT

IN ^.

/WAH!

/WA H I

IN ΛW HI

IN ΛAMHI SS

IN rm Hi SS

IN fm Hi SS

IN fm Hi SS

IN fm Hi SS

IN * * H I SS

IN

IN HI

IN HI

IN HI

IN HI

IN HI

IN HI

IN HI

IN

/WA H I

/WAHlSS

/WAHlSS

/WΛΠISS

ΛYAHISS

/WΛHISS

ΛVΛHISS

/WΛHISS

/WΛHISS =

/WΛHISS =

ΛVΛHISS

ZWAHl = SS

/ W Λ ^ S S

^v IN CS BU

IN JV/VWHlSS

IN fm Hi SS

TinS
TinS

TinS

S/2

S/2

S/2

S/2

TinS

TinS

TinS

S/2

S/2

TinS

TinS

TinS

TinS

TinS

TinS

TinS

TinS

TinS

S/2

TinS

S/2

TinS

S/2

TinS

TinS

S/2

S/2

S/2

TinS

S/2

TinS

TinS

TinS

TinS

TinS

S/2

S/2

TinS

TinS

S/2

S/2

TinS

TinS

S/2

S

T

T

T

T

T

T

T

T

T

T

T

T

T

DF to S/2

S/2

TinS
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K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823A-10H-7
823A-10H-7
823A-10H-0
823A-10H-0
823A-10H-0
823A-10H-0
823A-1OH-O
823A-10H-O
823A-11H-1
823A-11H-1
823A-11H-1
823A-11H-1
823A-11H-1
823A-11H-1
823A-11H-2
823A-11H-2
823A-11H-2
823A-11H-2
823A-11H-2
823A-11H-3
823A-11H-3
823A-11H-3
823A-11H-3
823A-11H-3
823A-11H-3
823A-11H-3
823A-11H-4
823A-11H-4
823A-11H-4
823A-11H-5
823A-11H-5
823A-11H-6
823A-11H-6
823A-11H-6
823A-11H-6
823A-11H-6
823A-11H-7
823A-12H-1
823A-12H-1
823A-12H-1
823A-12H-1
823A-12H-2
823A-12H-2
823A-12H-2
823A-12H-2
823A-12H-2
823A-12H-2
823A-12H-2
823A-12H-3
823A-12H-3

823A-12H-3
823A-12H-6
823A-12H-6
823A-12H-6
823A-12H-6
823A-12H-6
823A-12H-6
823A-12H-6
823A-12H-6
823A-12H-6
823A-12H-6
823A-12H-7
823A-12H-7
823A-12H-7

0
52

1
5
9

14
0

14

62
112

123

138

140

148

0
7

12

15
43

0
8
0
0

21

99

126

57

0
0

15

122

4

30
72

103

115
19

14

31

67
121

10

42

43

111

115

128

137

58
62

102

0
8

39

49

67

74

111

124

132

148
12

31

50

65
65

2
8

14

18

18

18

65

123

127

140

143

150

7
12

13
21

150

6
16

16

16

81
100

150

139

150

150

18

127

6
31

73

104

116

20

15

32

68
122

11

43

111

114

120
133

141

61

65

103

5
20

48
54

72

75

116

126
134

150
13

34

53

91.45
91.45
91.47
91.53
91.59
91.63
91.63
91.63
91.95
92.53
92.57

92.7
92.73

92.8
92.87
92.92
92.93
93.01
94.3

94.36
94.46
94.46
94.46
95.11

95.3

95.7

97.19
97.3
97.3

97.48
98.57
98.86

99.11
99.53
99.84
99.96
100.5

101
101.1
101.5

102

102.4
102.7
103.4
103.4
103.5
103.6
103.7
104.4
104.5
104.8
108.4
108.5
108.8
108.8

109
109.1
109.5
109.6
109.6
109.8
109.9
110.1
110.3

1.06
1.06

1.06

1.06

1.06

1.06

1.06

1.06

1.06

1.07

1.07

1.07

1.07

1.07

1.07
1.07
1.07

1.07

1.09

1.09

1.09

1.09
1.09
1.1

1.1

1.1

1.13
1.13

1.13
1.13

1.15

1.16

1.16
1.17

1.17

1.17
1.18

1.19

1.19

1.2
1.21

1.22

1.22

1.23

1.23
1.23

1.24

1.24

1.25

1.25

1.26

1.28
1.28

1.28

1.28

1.29

1.29
1.29

1.29

1.29
1.29

1.29

1.29

1.29

65
1.2
0.5

0.6

4.6

3
18

624

3
10.6

4.8

1.5

1.1
1.5

5.8

4.7

0.5
6.1

107

3

1.8

16
123

59.8

0.6

23.5

82

150

173.5
3
2

1.5

1.1
0.8

1
0.5

0.7
0.2

0.3

0.7

1
0.3

0.7

68

0.4
4.5

5
3

4.3

2.6

0.4

3.7
13

7.2

5
4.6

0.8

4.2

0.8

1.4

1.3
1

2.5

0.8

mud
F
F
F

F/M

F/M
F/M
F/M
F/M
F/M
VF
F
F
F
F
F
F
F

mud

F
F

F/M
F

mud
mud
mud
mud
VF
VF
VF
VF
VF
VF
VF
VF
VF
VF
VF
VF
VF
VF

mud
F

F/M
F
F
F
F
F
M

F/M(C)
F/M

F
F/M

F
F

VF
F

VF
F

VF
F

4.0cm
VF
VF
VF
VF
VF
VF
VF
VF
VF
mud

VF/silt
VF
VF

mud
VF/silt
VF/silt
VF/silt

F

VF/silt

VF/silt
silt

2.4cm
4cm
15cm

VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt

silt

silt

silt

silt

silt

VF/silt
1.5cm
VF/silt
VF/silt
VF/silt
VF/silt

silt

silt

silt

F

VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt

mud

msßu
IN . Λ . /WA H I

/WA HlSS

/WAHlSS

/WA HlSS

/WΛHISS

/WA HlSS

/WA HlSS

ΛVAHI

/WΛHISS

/WΛHISS

/WAH!

••*

Λ

Λ/VΛHISS

IN / W Λ H I SS

IN /WA H I SS

Vl J^ /WA H I SS

/WΛHI

/WA HlSS

IN

IN

/WAHlSS

/WAHlSS

ms^vcs
(TISΛ

Π I S Λ

ms r̂v
SS

Λ W H I S S

/WΛHISS

HlSS

HlSS

H I

*••

/WΛHISS

/WAHlSS

/WΛHISS

/WΛHISS

/WΛHISS

/WAHlSS

/WAHlSS

/WA HlSS

ΛΛAΛHISS

/WAHlSS

ΛVAHISS

/WΛHISS

/WΛHI

ΛVΛΠI = SS

/WΛ —SS
ΛVAHI=SS

/WAHl = SS

/WAHlSS

/WAHlSS

ΛWHISS

/WAHlSS

HlSS

/VWlHlSS

/WAHl = SS

IN /WA H I SS

S or DF/2
TinDF

TinS

TinS

TinS

TinS

DF to S/2

S

T

T

T

T

T

T

T

TinS

TinS

TinS

S/2

TinS

TinS

S/2

S

T

T

DF/2

DF/2

DF/2

DF

T

T

T

T

T

T

T

T

T

T

T

T

T

T

DForS

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T
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Appendix A (continued).

MIOCENE TO PLEISTOCENE TURBIDITES

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823A-13H-

823A-13H-

823A-13H-

823A-13H-

823A-13H-

823A-13H-

823A-13H-

823A-13H-

823A-13H-1

823A-13H-1

823A-13H-1

823A-13H-1

823A-13H-1

823A-13H-1

823A-13H-1

823A-13H-1

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-2

823A-13H-3

823A-13H-3

823A-13H-4

823A-13H-4

823A-13H-4

823A-13H-4

823A-13H-5

823A-13H-5

823A-13H-5

823A-13H-5

823A-13H-5

823A-13H-5

823A-13H-5

823A-13H-5

823A-13H-5

823A-13H-6

823A-13H-6

823A-13H-6

823A-13H-6

823A-13H-6

823A-13H-6

823A-13H-6

823A-13H-6

823A-13H-6

823A-13H-6

823A-13H-7

823A-13H-7

823A-13H-7

823A-13H-7

823A-13H-0

823B-13X-1

823B-13X-1

823B-13X-1

823B-13X-1

823B-13X-1

823B-13X-1

5
15

17

24

34

41

48

56

62

64

85

91

103

111

124

140

0

14

28

81

90

97

102

14

110

112

129

135

8

76

47

67

83

90

1

6

55

66

79

96

105

118

128

13

43

49

54

58

68

87

101

113

129

0

27

35

65

8

0

9

19

43

93

105

12
17

24

28

41

45

53

62

64

66

88

101

104

117

140

144

14

24

38

87

94

102

110

110

111

122

130

139

73

149

53

71

85

150

4

51

57

70

87

98

107

119

131

16

47

53

56

59

79

90

102

117

142

22

28

57

69

10

9

10

25

56

105

126

110.4
110.5

110.5

110.6

110.7

110.8

110.8

110.9

110.9

111

111.2

111.3

111.3

111.5

111.7

111.7

111.9

112

112.2

112.7

112.7

112.8

112.9

112.9

112.9

113

113.1

113.2

114

114.8

115.3

115.5

115.7

116.3

116.3

116.8

116.9

117

117.2

117.3

117.4

117.5

117.6

118

118.3

118.3

118.4

118.4

118.6

118.7

118.8

119

119.2

119.5

119.6

119.9

120

120.2

112.9

112.9

113.1

113.4

113.9

114.1

1.29
1.29

1.29

1.29

1.29

1.29

1.29

1.29

1.29

1.29

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.3

1.31

1.31

1.31

1.32

1.32

1.32

1.32

1.32

1.32

1.32

1.32

1.32

1.32

1.32

1.33

1.33

1.33

1.33

1.33

1.33

1.33

1.33

1.33

1.33

1.33

1.33

1.33

1.34

1.34

1.34

1.3

1.3

1.3

1.31

1.31

1.31

4.2
1

6.4

2.5

6

1.4

5

5

1.1

1.6

1.3

10

1.1

6.5

15

4.5

14

5.7

7.3

3

0.8

3.5

5.2

96

1

9.2

1.5

4

65

72.8

6.7

3.7

1.8

58.5

3.5

44

1

2.8

7.6

1.8

2.1

0.5

2.6

2.3

0.5

3.3

2

0.7

10.5

2.7

1

2.7

11.8

21.6

1

21.5

4.7

1.6

8.5

1.1

6.5

12.2

12

20.7

VF/F
VF/F

F/M

F/M

F

F

VF

VF

VF

VF

F

VF

F/M

F

VF

VF

VF

M/C

F

VF

VF

M(C)

M(C)

VF

F

F

F

M/F

M/F

VF

F/M

F

F/M

F/M

F/M

VF

F

F

F

F

VF

F

VF

VF

F/M

VF

VF

F

F

F

F

F

F/M

F

F/M

F

F

mud

F

VF

M(VC)

M

F

VF/silt
VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

mud

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

mud

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

mud

VF/silt

VF/silt

VF/silt

F

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF

VF

VF

VF

VF/F

VF

VF

VF

VF

2cm

VF

silt/VF

VF/silt

VF/silt

VF

mud

IN /WA H I $ >

IN /WA 111 $ $

IN /WAH! $ $

/WΛIII$$

IN WΛIH $$

IN ,m m $$

*WMH = $ $

$ $

/WA$$

ΛΛM«'» $ $

ΛVΛIH =

/WΛIH$$

Λ W I H =

IN /WA HI $ $

/WA111$$

m $ $

/WΛIÜ$$

/WΛHI$$

/WA1H$$

/WΛIH$$

/mm$$
/WΛIH$$

/WA111$$

/VMlü. = $$

^ 1 1 1 $ $

™m$$
/WΛIH$$

/WA111$$

ΛMΛIH = $ $

ΛJVΛIH$$

/™m$$
m $ $

/WAH!

/WAH1$$

m$$

ΛVΛIÜ.$$

ΛWMH$$

/WA 111 = $ $

/WA111$$

ΛNAIH

ΛΛAΛHI =

ΛV*H1

/WAH1 = $ $

/WA 111 =

iWAHl

/WAH!

/WAH1

/WAH1

ΛVΛIH$$

/WΛIH$$

ΛIVΛIII$$

/W*HI$$

/WA111$$

/WAH1

$ $

CS

/WAH1$$

/WAlll "••"$$

/WA111$$

Λ W I H 1 $ $

/WAH1$$

T
T

T

T

T

T

T

T

T

T

T

T

T

T

TinS
T

T

TinS
TinS
TinS
TinS
TinS
TinS

S

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

DF

T

T

T

T

T

7

?

7

?

?

7

7

7

?

?
7

7

?

?

?

?

?

?

?

?

?

?

?
?

7
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K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823B-13X-1
823B-13X-2

823B-13X-2

823B-13X-2

823B-13X-2

823B-13X-2

823B-13X-2

823B-13X-2

823B-13X-2

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-3

823B-13X-4

823B-13X-4

823B-13X-4

823B-13X-4

823B-13X-4

823B-13X-4

823B-13X-5

823B-13X-5

823B-13X-5

823B-13X-5

823B-13X-5

823B-13X-5

823B-13X-5

823B-13X-6

823B-13X-6

823B-13X-6

823B-13X-0

823B-14X-1

823B-14X-1

823B-14X-1

823B-14X-1

823B-14X-1

823B-14X-1

823B-14X-2

823B-14X-2

823B-14X-2

823B-14X-2

823B-14X-2

823B-14X-2

823B-14X-2

823B-14X-2

823B-14X-2

823B-14X-3

823B-14X-3
823B-14X-3

823B-14X-3

823B-14X-3

823B-14X-4

823B-14X-4

823B-14X-4

147
0

25

49

65

81

86

112

132

4

13

21

29

38

44

49

60

63

78

90

99

116

121

138

1

25

37

55

130

144

0

20

48

69

81

106

143

17

0

51

0

8

70

82

105

127

144

30

45

58

72

92

99

110

122

134

15
17

85

116

128

0

15

22

150
25

49

65

81

82

95

115

133

7

17

28

30

39

48

59

61

65

79

91

100

119

135

139

16

30

38

73

133

145

7

22

55

74

82

112

146

34

49

61

16

65

72

86

110

132

146

34

46

68

75

93

101

113

126

138

16

18

87

117

130

1

16

23

114.3
114.6

114.8

115

115.1

115.1

115.3

115.5

115.6

115.9

116

116.1

116.1

116.2

116.3

116.4

116.4

116.5

116.6

116.7

116.8

117

117.2

117.2

117.5

117.6

117.7

118

118.6

118.8

118.9

119

119.4

119.5

119.6

119.9

120.3

120.6

120.8

120.9

121.1

123.1

123.1

123.3

123.5

123.7

123.9

124.2

124.4

124.6

124.7

124.8

124.9

125

125.2

125.3

125.6

125.6

126.3

126.6

126.7

126.9

127.1

127.1

.31

.31

.31

.31

.31

.31

.31

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.33

.33

.33

.33

.33

.33

.33

.33

.33

.33

.34

.34

.34

.34

.34

.34

.35

.35

.35

.35

.35

.35

.36

.36

.36

.36

.36

.36

.36

.36

.36

.36

.36

.37

.37

.37

.37

.37

.37

3.3
24

24.3

16.2

15.7

0.7

9.1

2.6

1

2.9

3.3

7.3

1.1

0.8

4

4

0.5

1.6

1.2

1.3

0.9

2.7

13.7

0.8

15

5

1

18.5

3

1.3

6.5

1

0

5

1.1

6.8

3

16.8

49

9

16

57

1.9

4

4.7

4.5

2.2

4

1.5

10.5

2.6

0.8

0

3.2

4

5

1

0.5

1.5

0.8

1.8

0.8

0.9

1.3

M/F
F

M

F

F

VF

M/C

F

F

F

M

C

VF

VF

F/M

F

VF

F

VF

VF

VF

F

F/M

VF

F/M

F

VF

F/M

F

F

M

VF/F

F

F/M

F

F

mud

F

VF

F

F

F

F

VF

silt

F

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF

VF

VF

F

VF

VF

VF

VF

VF

VF

VF

VF/silt

VF

VF

VF

VF

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF

VF

VF

VF

VF

VF

VF/silt

16.8cm

VF

F

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

M/F

VF

silt

silt

silt

silt

silt

silt

silt

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF/silt

VF/silt

VF/silt

m 5 ^

i n

m.
•••

/WΛIH

ΛΛM"' —

MM*** $$

ΛΛMIH =

m =
AΛA>»" — $ $

ΛVΛIH = $ $

/WΛIÜ.$$

ΛVΛIH$$

/WA 111.$$

/WAIH$$

/WA 111$$

«Wtlll$$

ΛVΛIH$$

/WA 111$$

/WAlil

Λ/VΛIH$$

111

/WA111$$

<WAlli$$

/WA111$$

/WΛIH$$

ΛWIH$$

/WA111$$

/VWt!li = $ $

™m$$

m $ $

m$$

/WAIH$$

/WΛIII = $ $

ΛIWIIIIΛΛM

CSBU

m$$

j \ .

/WΛHI$$

/WΛIH$$

WA111$$

/**-$$

777

/WA111

^ 1 1 1 = $$

/WA 111$$

/WA111$$

/WΛIH$$

/WΛIH$$

/VWllll$$

/WA 111$$

^111$$

T
T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

TinDF
DF

T

T

S

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T
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MIOCENE TO PLEISTOCENE TURBIDITES

Appendix A (continued).

Sample
823B-14X-4

823B-14X-4

823B-14X-4

823B-14X-4

823B-14X-4

823B-14X-4

823B-14X-4

823B-14X-5

823B-14X-5

823B-14X-5

823B-14X-5

823B-14X-5

823B-14X-6

823B-14X-6

823B-14X-6

823B-14X-6

823B-14X-6

823B-14X-6

823B-14X-6

823B-14X-6

823B-14X-6

823B-14X-6

823B-14X-7

823B-14X-7

823B-14X-7

823B-14X-7

823B-15X-1

823B-15X-2

823B-15X-3

823B-15X-3

823B-15X-3

823B-15X-4

823B-15X-4

823B-15X-4

823B-15X-4

823B-15X-4

823B-15X-5

823B-15X-6

823B-15X-6

823B-15X-6

823B-15X-6

823B-15X-6

823B-15X-7

823B-15X-0

823B-16X-1

823B-16X-1

823B-16X-1

823B-16X-2

823B-16X-2

823B-16X-2

823B-16X-2

823B-16X-2

823B-16X-2

823B-16X-4

823B-16X-4

823B-16X-4

823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-5

Top (cm)
59

62

91

117

120

128

141

30

72

86

118

136

5

30

41

51

67

91

107

122

132

146

8

18

27

45

16

0

0

0

142

110

130

146

143

0

24

0

88

97

128

137

0

2

12

30

31

4

58

69

83

90

91

78

104

137

1

1

5

6

9

10

14

16

30

Bottom
(cm)

60

66

93

118

127

130

145

32

77

87

119

137

7

36

43

58

74

100

109

126

138

150

9

21

35

47

150

150

130

130

143

111

133

147

149

150

116

68

89

102

137

150

1

3

13

31

150

14

62

71

85

91

137

88

114

150

4

4

6

8

10

12

15

17

31

Depth (m)
127.5

127.6

127.8

128.1

128.2

128.2

128.4

128.7

129.2

129.3

129.6

129.8

130

130.3

130.3

130.5

130.6

130.9

131

131.2

131.3

131.4

131.5

131.6

131.8

131.9

133.6

135.1

136.4

136.4

136.5

137.7

137.9

138.1

138.1

138.1

139.3

140.3

140.5

140.6

141

141.1

141.1

141.3

141.8

142

143.2

143.3

143.8

143.9

144.1

144.1

144.6

147.1

147.3

147.7

147.7

147.7

147.8

147.8

147.8

147.8

147.9

147.9

148

Age
(ma)

1.37

1.37

1.37

1.37

1.37

1.37

1.38

1.38

1.38

1.38

1.38

1.38

1.38

1.38

1.38

1.39

1.39

1.39

1.39

1.39

1.39

1.39

1.39

1.39

1.39

1.39

1.4

1.41

1.41

1.41

1.41

1.42

1.42

1.42

1.42

1.42

1.43

1.43

1.43

1.43

1.43

1.43

1.43

1.44

1.44

1.44

1.44

1.44

1.45

1.45

1.45

1.45

1.45

1.46

1.46

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

Thickness (cm)

1

3.5

1.8

0.4

2.8

2.1

4.8

1.5

5

0.6

0.7

0.7

2.2

5.4

1.8

7.2

6.6

9

1.6

3.5

6

3

1

3.4

8.1

2.5

134

150

130

414

0.9

1

3.2

1

0.5

150

92

194

1

5.4

8.8

13

1

1.5

0.6

0.5

119

11

4

0.6

1.6

1.1

46.5

8.5

8

13

4

17

1

1.8

0.3

1

0.6

1.1

0.6

Texture Base
VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

F

F

F

F

VF

F

F

VF

F

F

VF

VF

M

mud

mud

mud

VF

VF/mud

VF/mud

VF

VF

VF/mud

mud/F

mud

VF

F

VF/F

mud

VF/silt

F(M)-VF

VF

VF

mud/VF

VF/silt

F

F

VF

M

F/M

VF

F

F(m)

F

F

VF

VF

VF

VF

F

VF

VF

Texture Top Mud cap
VF/silt mud

VF/silt mud

VF/silt

VF/silt

VF/silt

VF/silt

VF/mud

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF

VF/silt

VF

VF

VF/silt

VF/silt

7.5

6.0cm

6.5cm

6.5cm

silt

silt

VF/silt

silt

VF

3.0cm

silt

silt

VF

VF

F/VF

VF/silt

VF

VF

VF

VF

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF/silt

VF/silt

Sedimentary
Structure

ΛWHI??

**»•$$

/WΛHIS?

/VVΛHI"

/WAHISS

/WKHI??

/ΛVMH

ΛΛVIHI

/WΛHI

ΛWIHI??

/WA H i ? ?

/WΛHISS

ΛΛMHI??

**•»$$

/WAHISS

- $ *

ΛΛAMHSS

/WA H I ? ?

/WAHlSS

ΛNIΛHISS

CSBU

CSBU^vCS

CSBUwCS

CSBU^CS

ΛWHI

/WAΠI

/WΛ i l l??

ΛΛMHI

ΛWΠI

W H I

BU INΛΛΛAHISS

IN

ΛΛMΠISS

ΛΛVIIH??

msBU

/WKHi^

/**•»*$

/WVMH$$

J\. IN

IN /wMH SS

IN /WA H I SS

/WAH!

im H I IN

IN /WA HI SS

IN fm H I SS

HlSS

/WAH!

ΛΛAMH

/WAH!

/VMH1

/WAH!

/W*H1

/WΛHI

/W*H1

/WΛIH.

Depositional

Mechanism
T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

DF/2

DF/2

DF/2

DF

T

TinS

TinS

TinS

TinS

S

S/2

S

T

T

T

DF

T

T

T

T

S

S

T

T

T

T

T

TinS

TinS

T in S/2

T in S/2

TinS

TinS

TinS

TinS

TinS

TinS

TinS

TinS

9

?

?
?

?

?

?

7

7

?

?
9

?

7

7
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K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823B-16X-5
823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-5

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-16X-6

823B-17X-1

823B-17X-2

823B-17X-2

823B-17X-2

823B-17X-2

823B-17X-2

823B-17X-2

823B-17X-2

823B-17X-2

823B-17X-2

823B-17X-2

823B-17X-3

823B-17X-3

823B-17X-3

823B-17X-3

823B-17X-3

823B-17X-3

823B-17X-3

823B-17X-3

823B-17X-4

823B-17X-4

823B-17X-4

823B-17X-4

823B-17X-4

823B-17X-4

823B-17X-4

823B-17X-4

823B-17X-4

823B-17X-4

823B-17X-5

823B-17X-5

823B-17X-5

823B-17X-5

823B-17X-5

823B-18X-1

823B-18X-2

823B-18X-3

823B-18X-4

823B-18X-5

823B-18X-5

823B-18X-5

823B-18X-5

823B-18X-5

823B-18X-5

823B-18X-6

823B-18X-6

48
57

60

0

114

120

1

7

12

15

18

35

56

67

72

93

0

110

115

0

0

47

53

66

75

133

138

0

0

146

0

18

45

53

63

99

125

145

0

8

30

48

82

96

109

119

127

131

18

29

46

76

123

0

0

0

0

0

0

33

103

141

103

1

10

50

59

61

61

115

121

2

10

15

18

21

42

58

72

73

94

106

111

116

150

43

50

55

68

77

134

141

141

141

147

1

19

46

54

66

100

133

150

6

9

32

49

90

104

115

124

130

132

21

30

47

77

126

150

150

115

150

21

21

34

106

142

150

2

13

148.2

148.3

148.3

148.3

148.9

148.9

149.2

149.3

149.4

149.4

149.4

149.6

149.8

149.9

149.9

150.1

150.3

150.3

150.4

152.9

153.3

153.4

153.5

153.6

153.7

154.2

154.3

154.3

154.3

154.4

154.4

154.6

154.9

154.9

155.1

155.4

155.7

155.9

156

156

156.2

156.4

156.8

156.9

157.1

157.1

157.2

157.2

157.6

157.7

157.9

158.2

158.7

162.6

164.1

165.3

167.1

167.3

167.3

167.4

168.2

168.5

168.6

168.6

168.7

1.47
1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.47

1.48

1.48

1.48

1.48

1.48

1.48

1.58

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.61

1.61

1.61

1.61

1.61

1.61

1.61

1.61

1.61

1.61

1.61

1.61

1.61

1.62

1.62

1.62

1.62

1.62

1.62

1.62

1.62

1.62

1.64

1.64

1.65

1.65

1.65

1.65

1.66

1.66

1.66

1.66

1.66

1.66

2.1
2.3

0.5

61

1.1

0.8

0.2

1.4

1.7

1.9

1.3

2.8

1.6

0

0.5

0.4

106

0.3

0.2

150

43

1.3

2.2

0.3

2

1.1

1

141

291

0.2

0.5

0.9

0.6

0.5

0.3

0.5

8

4.3

3.5

0.8

1.6

1

7.8

7.6

6

5

2.2

0.8

2.5

0.7

1.1

0.2

2.6

150

150

115

150

21

621

0.4

0.8

0.5

47

0.5

0.5

VF
F

F

VF

F

VF

VF

F

F

VF

F/VF

F/VF

F/VF

VF

VF

mud

VF

VF

mud

mud

VF

VF

VF

VF

VF

VF

mud

mud

VF

VF

VF

VF

VF

VF

F

F

F

F

F

VF

VF

F

F

VF/mud

F

VF

F

VF

VF

F

VF

F

mud

mud

mud

mud

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt
VF

VF

VF/silt

VF

VF/silt

VF/silt

VF

VF

VF/silt

VF/silt

VF/silt

VF

VF/silt

VF/silt

4cm

2.2cm

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

4cm

4cm

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF

VF

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF

VF/silt

VF/silt

VF/silt

VF/silt

VF

silt

VF

5.5cm

21cm

20 cm

6.5 cm

fm 111 77 IN

fmm. = 77\n

IN

jy. IN

fmm.77

fmlll.77

IN i n

111^.77

IN m

IN m

IN MM i l l 5 *

IN rmm. 77

IN fm i l l 77

/WΛIH5£

mt,m.t77

IN m «

IN ^v

IN 111 77

IN m «

cs IN ms

CS BU IN

IN

IN

IN

IN

IN

IN

cs IN ms

cs IN ms

fmm.77

/WAlllSS

Λ\MIII$S

/WΛIUSS

fm!1177

/VWlllSS

111.77

111.77

$7fmll±77

77fmlll77

IN 77 /mill. 77

77fmlll.77

<>7fmlll.77

$7

\N 77 fm m.=

ΛVΛIIIS£

/WΛIUSS

fmm.77

fmin.$$

rmm.77

rmiii77

fmm.77

ms^cs
msBU

ms^vcs

ΛΛM i l l 5$ IN

/WΛIH$$

IN

IN fm m. "7$

IN fm $7

TinS
TinS

TinS

S/2

T

T

TinS

TinS

TinS

TinS

TinS

TinS

TinS

TinS

TinS

TinS

S

TinS

TinS

S/2

DFtoS

TinS

TinS

TinS

TinS

TinS

TinS

S/2

S

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

TinS

T

T

T

T

T

T

SorDF/2

DF/2

DF/2

DF/2

DF/2

DF

T

TinS

TinS

S/2

TinS

TinS

7
?

?

?

?
7

?

?

7

7

?

7

7

7

7

7

7

7

7

?

7

7

7

7

7

•?

7

7

1

1

1

1

1
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Appendix A (continued).

MIOCENE TO PLEISTOCENE TURBIDITES

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure
IN ΛΛΛMII $ $

IN /WA 111 $ $

IN

IN

IN

IN

ΛWIH$$

Λ Λ M - $ $

/w*lll = $$

/WA111$$ $

/WΛ^$$ $

/WΛIH$$ $

/™il i$$$

/WA111$$$

/WA111$$$

/WA111$$$

ΛΛM*" — $ $

/WΛIÜ$$

ΛNΛIH$$

IN /WA 111 $ $

/WA111$$

ΛVΛIII$$

IN /WA 111 $ $

IN /WA 111 $ $

IN /WA 111 $ $

IN /WA 111 $ $

^V/WΛ

IN "Mr H I $ $

IN "Mr m $$

/WA111$$

ΛIVAIII$$

/WΛIH

m$$

_Λ_

m$$

m$$

ΛVΛIH$$

/WΛIII$$

/WΛIII$$

/WA111$$

/WA111$$

/WAlil

ismsBu^vms

msBU^vCS

msßu^cs
msßu^‰cs
msBu^cs

$$

W A m $ $

/WA111$$

/WA111$$

$ $

$ $

/WA111$$

$ $

JWA111$$

m$$

/WA111$$

/WA" $ $

/WA111$$

ΛΛM«" $ $

Depositional
Mechanism

TinS

TinS

S/2

TinS

S/2

S

T

T

T

T

T

T

T

T

T

T

T

T

T

S/2

TinS

TinS

TinS

TinS

S/2

S/2

TinS

S/2

S

T

T

T

T

S

T

T

T

T

T

T

T

T

DF/2

DF/2

DF/2

DF/2

DF

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

823B-18X-0
823B-18X-0

823B-18X-0

823B-19X-1

823B-19X-1

823B-19X-1

823B-19X-1

823B-19X-1

823B-19X-1

823B-19X-1

823B-19X-1

823B-19X-2

823B-19X-2

823B-19X-2

823B-19X-2

823B-19X-2

823B-19X-3

823B-19X-3

823B-19X-3

823B-19X-4

823B-19X-5

823B-19X-5

823B-19X-5

823B-19X-5

823B-19X-5

823B-19X-5

823B-19X-6

823B-19X-6

823B-19X-6

823B-19X-6

823B-19X-6

823B-19X-0

823B-19X-0

823B-20X-1

823B-20X-1

823B-20X-1

823B-20X-2

823B-20X-2

823B-20X-2

823B-20X-2

823B-20X-2

823B-20X-2

823B-20X-2

823B-20X-3

823B-20X-4

823B-20X-0

823B-20X-0

823B-21X-1

823B-21X-1

823B-21X-1

823B-21X-1

823B-21X-1

823B-21X-2

823B-21X-3

823B-21X-3

823B-21X-3

823B-21X-5

823B-21X-5

823B-21X-5

823B-21X-5

823B-21X-6

823B-21X-6

823B-22X-1

823B-21X-0

823B-22X-1

40
45

0

7

0

0

40

47

86

95

141

3

89

101

121

134

35

75

90

0

2

34

37

55

36

0

36

0

0

82

95

0

9

8

119

147

3

17

23

25

30

32

104

0

0

0

0

46

74

100

105

130

88

89

100

107

68

85

115

123

17

51

8

45

33

43
48

48

10

10

10

45

48

92

101

145

4

92

105

123

136

36

77

95

150

3

36

43

59

150

150

42

42

42

88

101

3

15

38

120

150

5

20

24

26

32

37

150

150

150

39

39

48

83

101

110

136

91

91

101

108

69

90

116

126

19

54

9

48

34

170.5
170.6

170.6

170.9

170.9

170.9

171.3

171.3

171.7

171.8

172.3

172.3

173.2

173.4

173.5

173.7

174.2

174.6

174.8

176.8

176.8

177.2

177.2

177.4

178.3

178.3

178.7

178.7

178.7

179.2

179.3

180

180.2

180.9

181.7

182

182.1

182.2

182.2

182.3

182.3

182.4

183.5

185

186.5

186.9

186.9

190.7

191

191.2

191.3

191.6

192.6

194.1

194.2

194.3

196.9

197.1

197.4

197.5

197.9

198.2

199.9

199.9

200.1

1.67
1.67

1.67

1.67

1.67

1.67

1.67

1.67

1.67

1.67

1.67

1.67

1.68

1.68

1.68

1.68

1.68

1.68

1.68

1.69

1.69

1.69

1.69

1.69

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.7

1.71

1.71

1.71

1.71

1.71

1.71

1.71

1.71

1.71

1.71

1.72

1.72

1.73

1.73

1.73

1.75

1.75

1.75

1.75

1.75

1.75

1.76

1.76

1.76

1.77

1.77

1.77

1.77

1.77

1.78

1.78

1.78

1.78

0.9
1.6

48

0.7

10

223

4

0.5

5.9

4.6

3.5

0.4

2.2

3

0.9

1.5

0.3

1.7

5

150

0.5

2.8

2.2

1

114

150

5.6

42

376

5

6.2

3.5

5.8

30

0.5

2.5

1.3

3

1.3

0.5

2.5

0.7

46

150

150

39

385

1.7

9.4

0.6

4.5

5

2.8

2.5

1.4

1

0

4.8

1.1

3

1.5

2.3

1.3

2.5

0.4

F(C)
VF

VF

VF

VF

F

F

VF

VF

VF

F

VF

F

VF

F

F

VF

VF

VF

VF

VF

VF

VF

F(C)

VF

mud

F(M)

F

F

F

VF

VF

VF/F

VF

mud

mud

mud

mud

VF/silt

VF

VF

VF

VF

VF/silt

VF/silt

VF

VF

VF/silt

VF

VF

VF

VF

VF

VF

VF

VF

VF
VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

VF/mud

VF/silt

VF

silt

VF

VF

silt

silt

silt

silt

silt

VF/silt

VF/silt

VF

VF/silt

VF

VF

VF

VF

silt

VF/silt

VF/silt

VF/silt

5.0 cm

70.0 cm

17 cm

15cm

VF/silt

VF/silt

silt

mud

mud

silt

silt

silt

silt

silt

silt

silt

silt

sill
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K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Bottom Age Sedimentary Depositional
Sample Top (cm) (cm) Depth (m) (ma) Thickness (cm) Texture Base Texture Top Mud cap Structure Mechanism



MIOCENE TO PLEISTOCENE TURBIDITES

Appendix A (continued).

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823B-23X-4
823B-23X-4

823B-23X-5

823B-23X-5

823B-23X-5

823B-23X-5

823B-23X-5

823B-23X-5

823B-23X-5

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-23X-6

823B-24X-1

823B-24X-1

823B-24X-1

823B-24X-2

823B-24X-2

823B-24X-2

823B-24X-2

823B-24X-2

823B-24X-2

823B-24X-3

823B-24X-3

823B-24X-3

823B-24X-3

823B-24X-4

823B-24X-4

823B-24X-4

823B-24X-4

823B-24X-4

823B-24X-5

823B-24X-0

823B-24X-0
823B-25X-1

823B-25X-1

823B-25X-1

823B-25X-1

823B-25X-1

823B-25X-1

823B-25X-2

823B-25X-2

823B-25X-2

823B-25X-2

823B-25X-3

823B-25X-3

823B-25X-3

823B-25X-3

823B-25X-3

823B-25X-4

823B-25X-4

823B-25X-4

823B-25X-5

823B-25X-5

823B-25X-5

0
134

0

13

21

42

54

112

122

14

29

33

39

43

48

54

73

81

91

103

113

121

124

103

105

112

60

64

81

102

108

111

14

68

122

145
41

106

108

112

114

18

7
21

31

34

49

109

118
143

26
64

81

128

0

14

62

106

120

10

34

76

2

11

54

134
137

4

15

26

47

81

113

123

16

30

34

40

45

49

55

75
84

95

108
114

122

130

107

107

113

61

65

90

106

110

112

32

70

126

149

51

107

110

113

116

71

8
22

33

35
51

110

121

144

37

71

95

140

5

48

70

110

136

11

39

92

5

15

60

214.9
215

215.1

215.3

215.4

215.6

215.9
216.2

216.3

216.8

216.9

216.9

217
217.1

217.1

217.2

217.4

217.5

217.6
217.7

217.7

217.8

217.9

219.8

219.8

219.8

220.8

220.9
221.1

221.3

221.3

221.3

222

222.4

223

223.2

223.7

224.3

224.3

224.3

224.4

225.4

226

226.1

228.3

228.4

228.5

229.1

229.2

229.4

229.8

230.2

230.5

230.9

231.1

231.5

231.7

232.1

232.4

232.6

232.9
233.4

234.1

234.2

234.6

2.09
2.09

2.09
2.1

2.1

2.1

2.11

2.12

2.13

2.14

2.14

2.14

2.14

2.15

2.15

2.15

2.15

2.16

2.16

2.16

2.16

2.17

2.17
2.22

2.22

2.22

2.25

2.25

2.26

2.26

2.26

2.26

2.28

2.29

2.3

2.3

2.3

2.31

2.31

2.31

2.31

2.32

2.32

2.33

2.35

2.35

2.35

2.35

2.35

2.36

2.36

2.36

2.37

2.37

2.37

2.38

2.38

2.38

2.38

2.39

2.39

2.39
2.4

2.4

2.41

171
3.6

3.7

1.5
2.7

4

0

1.3
0.4

1.6

0.9

0.6

0.2

1.3

1.3

0.7

1.5

2.5

1.6

3.5
0.2

0.5
0

0.6

1.3

0.8

0.4

0.9

8.8

3.5

1.1

1.2

17

2.2

3.8

4.1

9.5
1.4

2.1

0.8

2.5

1.7

1

0.8
1

1
2

1.7

3

0.7

26

7

14.8

12

4.3

45

9

1.1

15

1

5.2

15

2.6

3.7

4.5

mud
VF-M

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

silt/VF

F

F

F

M

VF

VF

VF

F

VF

F

F

VF

VF

F

VF-silt

VF-silt

VF-silt

VF

VF

VF(F-M)

F

F

VF

VF

VF

VF

F

VF

VF

VF

VF

M/mud

M

M

VF/silt

F/M

F

F

(C)M

VF

F/VF
VF

F/VF

F/VF
VF

F/M

F

VF

VF

F

17cm

silt

silt

silt

silt

silt

silt

silt

silt

silt

silt

silt
VF

silt

silt

silt

VF

silt

silt

silt
VF

silt

VF

VF

silt

silt

VF

F

VF

silt

silt

silt

silt

silt

silt

silt

silt

silt

silt

VF

VF

VF/silt

VF/silt

VF/silt

VF

silt

VF

VF

silt

VF/silt

silt

silt

VF/silt

mud

.rnsßu

iSS
/vwiiuSS

/ V W l l l l

/ V W l l l l

/ V W l l l l

/vwilll

ΛVΛIII

ΛΛΛMH

/ v w i l l l

/VWll l l

SS

ΛVΛIH

$ $

SS

5$

5$

SS

$$
SS

mSS

/VWll l l

/VWll l l

/VW.1H.

ΛWMH

/ V W l l l l

/ V W l l l l

$$

SS

SS

SS

- S S

<vwilllSS

wwiillSS

/wwmSS

/VWlllSS

/vwmSS

/vwrniSS

/vwimSS

/VWlllSS

/VWllllSS

/WAlllSS

/WAlllSS

/VWIlllSS

illlSS

/vwilllSS

/vwilllSS

/wvMliSS

DF

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T
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K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823B-25X-5
823B-25X-5

823B-25X-5

823B-25X-5

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-6

823B-25X-7

823B-25X-7

823B-25X-7

823B-25X-0

823B-25X-0

823B-25X-0

823B-26X-1

823B-26X-1

823B-26X-1

823B-26X-2

823B-26X-3

823B-26X-3

823B-26X-3

823B-26X-3

823B-26X-3

823B-26X-4

823B-26X-4

823B-26X-4

823B-26X-4

823B-26X-4

823B-26X-4

823B-26X-4

823B-26X-4

823B-26X-5

823B-26X-5

823B-26X-5

823B-26X-5

823B-26X-6

823B-26X-7

823B-26X-7

823B-27X-1

823B-27X-2

823B-27X-2

823B-27X-2

823B-27X-3

823B-27X-3

823B-27X-4

823B-27X-4

823B-27X-6

823B-27X-6

823B-27X-6

823B-27X-6

823B-27X-6

823B-27X-6

823B-27X-7

823B-27X-7

823B-27X-7

823B-27X-7

823B-27X-7

823B-27X-7

100
105

132

140

4

11

39

50

60

64

86

106

115

139

146

5

19

27

18

28

41

21

137

144

0

10

24

60

75

77

35

55

64

69

75

99

113

120

6

52

74

95

0

32

44

0

112

131

0

11

0

8

14

0

22

107

118

0

0

11

15

17

22

55

67

101
122

134

144

5

15
41

55

64

74

90

111

129

139

148

9

24

28

24

30

42

22

141

146

150

14

27

62

76

110

45

58

68

73

86

103

118

130

41

57

80

150

150

33

45

72

121

135

150

16

150

14

20

13

41

117

123

136

136

14

16

18

23

61

69

235

235.2

235.3

235.4

235.6

235.7

235.9

236.1

236.1

236.2

236.4

236.6

236.8

236.9

237

237.1

237.2

237.3

237.6

237.7

237.8

237.9

239.1

239.2

240.7

240.8

241

241.3

241.5

241.8

242.7

242.8

242.9

242.9

243.1

243.2

243.4

243.5

244.1

244.3

244.5

245.2

246.7

247

247.2

248

250

250.2

250.3

250.5

251.8

251.9

252

254.9

255.2

256

256

256.2

256.2

256.4

256.5

256.5

256.5

256.9

257

2.41

2.41

2.41

2.41

2.41

2.42

2.42

2.42

2.42

2.42

2.43

2.43

2.43

2.44

2.44

2.44

2.44

2.44

2.45

2.45

2.46

2.46

2.49

2.49

2.52

2.52

2.53

2.53

2.54

2.54

2.56

2.57

2.57

2.57

2.57

2.58

2.58

2.58

2.6

2.6

2.6

2.61

2.62

2.62

2.62

2.62

2.64

2.64

2.64

2.64

2.65

2.65

2.65

2.67

2.67

2.68

2.68

2.68

2.68

2.68

2.68

2.68

2.68

2.68

2.68

0.6

16.5

0.9

3.6

1.2

4.8

2.2

4.4

4

1

4

4.8

14.1

2.8

1.8
3.9

5.2

0.8

6

1.3

0.4

1.5

4

3.5

150

3.8

3.5

2.3

0.9

33
9.3

2

3.8

3

10

4.2

5.7

10

34.5

2.5

2.2

55

150

1

0.9

72

6.5

6.5

150

1.4

150

5

5

6

0.9

4

4.8

136

1086

1.8

1

0.7

1

5.7

1.2

F

F

VF

VF

VF

F

F

F

F

VF

F

F

F

F

VF

F

F

VF

F

F

M

M

M

F

(QM/F

M

F

F

F

F

F

VF

VF
F

F

F

F

F/M

VF

VF

VF

VF

C

F

F

F

F/M

M

VF

F

F

F

VF

F

F

F

F

silt

silt

silt

silt

silt

VF/silt

VF/silt

VF/silt

silt/VF

silt/mud

VF/silt

VF/silt

VF/silt

VF/silt

silt

VF/silt

VF/silt

mud

VF/mud

VF

F

mud

VF

silt

VF

VF

VF

VF

VF

VF

VF

VF/silt

VF/silt

VF/silt

VF/silt

VF/silt

mud

mud

VF

VF/silt

VF

VF

VF/silt

VF/silt

F

VF

VF

silt

silt

VF

VF

VF/silt

VF/silt

mud

/WA1H$S

/WA1H$$

Hl$$

/WAH1$$

Hl$$

/W*HI$$

Λ N * I H $ $

ΛWIH1$$

/WΛIH$$

ΛVΛIH$$

ΛΛWIH$$

ΛNAIH$$

/WA 111$$

ill$$

$ $ $

/WΛIH$$

W*IH. = ^ $ $

IN /WA H I $ $ =

IN /WA H I $ $

IN /WA H I $ $

/WAH1$$

J V M 1 H $ $

IN /WA $ $

/WΛHI$$

/WΛHI = $ $

/WAH1$$

•"'./VHi

/WAH1$$

/WAH1$$

/WAH1$$

/WAH1 = $ $

<WAHl^

Λ W H I =

IN
/WAH1

/WAH1

IN

IN ΛWIΠI $$

/WΛHI$$

IN

I N / w « H l $ $

IN OT

IN /WA H I $$

IN /WA H I $$

IN /WA H I $$

/WAH!

/WAH1$$

ΛVAHI$$

IN ΛVΛ H I $$

IN fm H i $$

/WAH1$$

ΛVΛHI$$

ΛVΛH1$$

/WΛH1$$

/WΛH1$$

•••$$

T
T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

S

T

T

T

T

S

T

T

T

S

T

T

T

T

T

T

T

S/2

S/2

SAT

TinS

S/2

TinS

TinS

S/2

TinS

S/2

TinS

TinS

TinS

TinS

TinS

TinS

S/2

S

T

T

T

T

T

T



Appendix A (continued).

MIOCENE TO PLEISTOCENE TURBIDITES

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823B-27X-7
823B-27X-7
823B-27X-7
823B-27X-0
823B-27X-0
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-1
823B-28X-2
823B-28X-2
823B-28X-3
823B-28X-3
823B-28X-3
823B-28X-3
823B-28X-4
823B-28X-4
823B-28X-4
823B-28X-4
823B-28X-4
823B-28X-4
823B-28X-4
823B-28X-4
823B-28X-5
823B-28X-5
823B-28X-5
823B-28X-5
823B-28X-5
823B-28X-5
823B-28X-5
823B-28X-5
823B-28X-6
823B-28X-6
823B-28X-6
823B-28X-6
823B-28X-6
823B-28X-6
823B-28X-0
823B-28X-0
823B-28X-0
823B-28X-0
823B-28X-0
823B-29X-1
823B-29X-1
823B-29X-1
823B-29X-1
823B-29X-1
823B-29X-1
823B-29X-2
823B-29X-2
823B-29X-2
823B-29X-2
823B-29X-2
823B-29X-2
823B-29X-2
823B-29X-2

78
108
123

1
10
5

18
29
39
43
48
57
77
80
83

90
119
123
126
129
22
64

110
112

0
22
36
66
88

109
126
136

2
10
45
66
71
84

100
124

2
17
22

104
107
137

2
6
7
9

16
4

21
75
99

112
139

0
15
24
33
53
64
79
94

79
109
125

2
14
8

23
31
40
47
50
70
78
81
86
96

121
126
127
136
31
65

112
113

2
24
44
70

106
116
131
137

3
13
49
70
72
85

104
127

5
20
23

105
127
140

3
7
8

11
24

5
24
76

102
117
145

3
21
26
37
56
66
86

101

257.1
257.1
257.1
257.1
257.1
257.1
257.2
257.3
257.4
257.5
257.5
257.7
257.8
257.8
257.9

258
258.2
258.3
259.8
259.9
260.3
260.7
261.1
261.1
261.5
261.7
261.9
262.2
262.6
262.7
262.8
262.9

263
263.1
263.5
263.7
263.7
263.9

264
264.3
264.6
264.7
264.7
265.6
265.8
265.9
265.9

266
266
266

266.2
266.8
266.9
267.5
267.7
267.9
268.2
268.2
268.4
268.5
268.6
268.8
268.9
269.1
269.2

2.68
2.68
2.68
2.68
2.68
2.68
2.68
2.68
2.69
2.69
2.69
2.69
2.69
2.69
2.69
2.69
2.69
2.69
2.7
2.7
2.7

2.71
2.71
2.71
2.71
2.71
2.72
2.72
2.72
2.72
2.72
2.72
2.72
2.72
2.73
2.73
2.73
2.73
2.73
2.73
2.73
2.73
2.73
2.74
2.74
2.74
2.74
2.74
2.74
2.74
2.74

2.75
2.75
2.75
2.75
2.75
2.76
2.76
2.76
2.76
2.76
2.76
2.76
2.76
2.76

0.3
0.5
2.8
0.3
4.5
2.5
1.5
1.7
0.4
3.5

2
12.9

1
1

1.5
5.9
1.2

1.5
1

7.5
9

0.4
2

0.5
2

1.5
7.6
4.3

18.2
7.2
5.8
1.1
1.1
2.7

4
2.3
1.3

1
3.7
3.1
2.8
3.1
1.1
1.2

20.3
2.7

1
0.8
0.1
2.3

7
0.3
2.5
1.2
2.4
5.3

5
3.3

4
2

3.1
2.7
1.8
6.5

7

VF
F
F

VF
F

VF
F

VF
VF
F/M

F
M
VF
VF
VF
VF
VF

F/VF
VF
M
M
VF
F
F
F
M
F
F
M
F
F

VF
F

C(VC)
M
F
F

VF
F
F
F
F
F
F

VF
F
F
M
M
F
M
VF
F

F(M)
F
F
F
F
F

VF
F
F
F
M
F

mud
VF/silt
VF/silt

VF/silt
silt

VF/silt
silt
silt

VF/silt
VF/silt

VF/mud
silt
silt
silt
silt
silt
silt

VF
VF

mud
silt
silt
VF
F

VF
VF

VF/silt
VF/silt
VF/silt

silt
silt

silt
silt
silt
silt
silt
silt
VF
VF
VF
VF
M
VF
VF
F
F mud

silt
VF mud
silt

VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
VF/silt
mud
silt
VF
VF
VF
VF

VF/silt

iii??

.'?'?

SS

/vwililSS

/WAlliSS

.'?'?

lili??

421



K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

/WA111$$

/WA111$$

/WA111$$

/WA111$$

IN

/WA111$$

WA111$$

/WA111$$

Λ W I I H $ $

/WA111$$

ΛAM!11$$

/vwm$$

/WVM11$$

/WA111$$

/WA111$$

/WΛIH$$

Λ A M ! 1 1 ^ 7 $ $

ΛV*IH$$

/w*m$$

Λ * M Ü $ $

/WAlli$$
/WΛIH$$

/WA 111$$

/WΛIH$$

/WΛIH$$

/WA111$$

/WAlü.$$

/WA111$$

/WVM11$$

/WVM11$$

ΛVAIH$$

/WA111$$

ΛVAIH$$

/WΛHI$$

ΛVΛIH$$

/WA111$$

/WA111$$

/WΛIH$$

/WΛIH$$

ΛVΛI^.$$

/WΛIH$$

/vwm = $$

ΛWIH1$$

/VM111$$

Λ A M I H ^ $ $

ΛΛΛMII$$

/WA111 = $$

/ywm = $$

/WΛIH$$

/vwm$$

^111$$

/WΛIH = $ $

ΛAMIH$$

/WA111$$

ΛΛWI"* — $ $

ΛΛM!11 = $ $

ΛWIIII$$

/vwm$$

Depositional
Mechanism

T

T

T

T

T

T

T

T

T
T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T
T
T

T

T

T
T

T
T

T

T
T

T

T

T

T

T

T

T

T

T
T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T
T

T

823B-29X-3
823B-29X-3

823B-29X-3

823B-29X-3

823B-29X-3

823B-29X-3

823B-29X-3

823B-29X-3

823B-29X-3

823B-29X-3

823B-29X-4

823B-29X-4

823B-29X-4

823B-29X-4

823B-29X-4

823B-29X-4

823B-29X-4

823B-29X-4

823B-29X-4

823B-29X-4

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-5

823B-29X-6

823B-29X-6

823B-29X-6

823B-29X-6

823B-29X-6

823B-29X-6

823B-29X-0

823B-30X-1

823B-30X-1

823B-30X-1

823B-30X-1

823B-30X-1

823B-30X-1

823B-30X-1

823B-30X-1

823B-30X-1

823B-30X-2

823B-30X-2

823B-30X-2

823B-30X-2

823B-30X-2

823B-30X-2

823B-30X-2

823B-30X-2

823B-30X-2

823B-30X-3

823B-30X-3

823B-30X-3

823B-30X-3

823B-30X-3

823B-30X-3

823B-30X-3

823B-30X-3

12
25

35
53

57

62

86

96

107

139

23

39

60

62

69

72

76

88

106

129

7

16

23

40

44

67

79

105

122

128

134

149

0

36

51

67

111

133

18

0

8

47

54

61

77

85

108

135

1

11

48

67

85

93

97

123

124

0

10

28

45

90

101

120

126

13
27

36

54

58

66

92

98

110

142

27

45

62

63

70

73

82

93

108

136

9

20

30

41

55

70

92

109

124

130

137

150

2

37

53

74

117

136

20

1

10

50

56

62

78

98

109

139

2

34

52

73

91

95

98

124

127

2

25

32

50

93

118

125

130

269.8
270

270.1

270.2

270.3

270.4

270.6

270.7

270.8

271.1

271.5

271.7

271.8

271.8

271.9

271.9
272

272.1

272.3

272.6

272.8

272.9

273

273.1

273.3

273.4

273.6

273.8

273.9

274

274.1

274.2

274.2

274.6

274.7

274.9

275.4

275.6

275.9

276.3

276.4

276.8

276.9

276.9

277.1

277.3

277.4

211.1

277.8

278.1

278.3

278.5

278.7

278.8

278.8

279

279.1

279.3

279.6

279.6

279.8

280.2

280.5

280.6

280.6

2.77
2.77

2.77

2.77

2.77

2.77

2.77

2.77

2.77

2.78

2.78

2.78

2.78

2.78

2.78

2.78

2.78

2.78

2.78

2.78

2.79

2.79

2.79

2.79

2.79

2.79

2.79

2.79

2.79

2.79

2.79

2.8

2.8

2.8

2.8

2.8

2.8

2.8

2.8

2.81

2.81

2.81

2.81

2.81

2.81

2.82

2.82

2.82

2.82

2.82

2.82

2.82

2.82

2.83

2.83

2.83

2.83

2.83

2.83

2.83

2.83

2.83

2.84

2.84

2.84

0.4
1.9

1

0.8

1.2

3.6

5.2

1.8

0.7

3.1

3.8

5.9

1.4

0.3

0.2

0.7

5

5.4

1.8

6.8

1.2

3.7

7

0.8

10.8

2.8

4.8

0.7

0.3

1.8

3.2

0.5

2

0.8

1

7.3

6.1

3.2

2

0.6

2

3.3

2.3

0.7

0.5

14.5

0.3

4.3

0.5

21.5

3

6.5

6

2.3

1.2

0.4

0.8

2

15.3

4.2

5

2.8

17.3

5

4.1

VF
F

VF

F

F

F

F

VF

VF

F

F

F

F

VF

VF

VF

F

F

VF

F

F

F

M

VF

F/M

F

M

M

VF

M/F

F

F

F(M)

VF

VF

M

F/M

F

F

VF

VF

F

F

VF

VF

M
VF

F

VF

F/M

F

M

M

F

M

VF

F

F/VF

M/C

F

F

M/C

M

F

F

silt
VF/silt

silt

VF

VF

silt

silt

mud

VF

VF

VF

VF

silt

silt

silt

M/F

silt

silt

VF

VF

VF/silt

VF/silt

VF/silt

VF

F

mud

mud

silt

silt

silt

F/VF

F

VF/silt

VF/süt
silt

silt

VF/silt
VF
F
F

VF/silt
M

VF/silt
VF
VF

VF

VF

silt

VF

VF/silt
VF/silt
VF/silt
VF/silt
VF/silt

VF
VF



Appendix A (continued).

MIOCENE TO PLEISTOCENE TURBIDITES

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823B-30X-4
823B-30X-4
823B-30X-4
823B-30X-4
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-5
823B-30X-6
823B-30X-6
823B-30X-6
823B-30X-6
823B-30X-0
823B-3OX-O
823B-30X-0
823B-31X-2
823B-31X-2
823B-31X-2
823B-31X-2
823B-31X-2
823B-31X-2
823B-31X-2
823B-31X-3
823B-31X-3
823B-31X-3
823B-31X-3
823B-31X-3
823B-31X-3
823B-31X-3
823B-31X-4
823B-31X-4
823B-31X-4
823B-31X-5
823B-31X-5
823B-31X-5
823B-31X-5
823B-31X-5
823B-31X-5
823B-31X-6
823B-31X-6
823B-31X-6
823B-31X-6
823B-31X-7
823B-31X-7
823B-31X-7
823B-31X-7
823B-31X-O
823B-32X-1
823B-32X-1
823B-32X-1
823B-32X-1
823B-32X-1
823B-32X-1
823B-32X-1
823B-32X-1

65
68
81

110
6

22

45
62

102
116
119
128
135
138
139
140
141
143

0
20
31
45

6
10
22
10
17
34
52

110
112
134

11
58
86
93

100
123
130
36
63
95
16
20
53
99

116
139
34
80

107
135
16
31
62
91
0

38
45
54

56
58
84

122
142

67
71
88

115
19
25
46
67

103
119
122
131
138
139
140
141
143
145

2
21
32
47

7
11

26
12
25
43
53

117
123
146

17
63
93
96

101
130
138
39
67

102
20
21
58

108
117
140
39
85

135
137
23
62
78

111
21
40
54
56
58
69
97

139
150

281.5
281.5
281.7

282
282.5
282.6
282.8

283
283.3
283.5
283.5
283.6
283.7
283.7
283.7
283.7
283.7
283.8
283.8

284
284.1
284.3
284.5
284.5
284.6
287.6
287.8
287.9

288
288.7
288.7

289
289.2
289.6
289.9

290
290

290.3
290.4

290.9
291.2
291.5
292.2
292.2
292.6
293.1
293.2
293.4
293.9
294.4
294.9
294.9
295.2
295.3
295.3
295.3
295.5

296
296.1
296.2
296.2
296.3
296.6

297
297.1

2.84
2.84
2.84
2.85
2.85
2.85
2.85
2.85
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.86
2.88
2.88
2.89
2.89
2.89
2.89
2.89
2.89
2.9
2.9
2.9
2.9
2.9
2.9

2.91
2.91
2.92
2.93
2.93
2.93
2.94
2.94
2.94
2.95
2.96
2.96
2.96
2.97
2.97
2.97
2.97
2.97
2.98
2.98
2.98
2.98
2.98
2.99
2.99
2.99

1.9
3.1

0
4.5

13.5
3

1.6
4.3
0.4
2.7
1.2
0.7

1
0.3
0.6
0.2
0.8
1.2
1.2
0.6

1
1.8
1.5

1
4

0.7
1

3.4
0.7

2
2.7
1.7

1

0.4
8

0.8
0.2
0.7

3
2

0.8
3.5
0.4
0.4
0.2
8.4
0.6
0.4
0.2
0.2
28

2
7.6
31

15.3
20

20.3

1.8
7.2
0.8
0.7
8.4
9.3
17

6.7

M
M

M(C)
M
C
F

F
M
F

M/F
F

F/M
F/M
F/M
F/M

F
F/M
M/F
F/M
F/M
F/M

F
F
F
F
F
F
F
F
F
F
F
F
M

F/VF
F

VF/silt
F
F

F/M
F
F

VF
VF/silt

VF
F
F
F

VF
VF/silt

M/F
C
F
C
M
M
M
F

F/M
VF
F
M
M
M
VF

F
F
F

M/F
VF
VF
VF
VF
F

mud
mud
mud
mud
mud
mud
mud
mud

VF
VF
VF
VF
silt
silt
silt
silt
silt
silt
silt
VF
VF

mud
mud
mud
VF
VF
F

mud
VF

mud
mud
mud
VF

mud
mud
mud
mud

VF/silt

VF
M
VF
VF
VF
VF
silt

mud
mud
silt
silt
silt
silt

mud

mud

mud
mud
mud
mud
mud
mud
mud
mud
mud

mud
mud
mud

mud

mud

mud

mud
mud
mud
mud

llt/×

/WAlü.

/WΛIÜ

ΛVΛ =

— $ 7

IN .Λ.

/WA111$$

/WΛIH = -

/VM



K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

823B-32X-2
823B-32X-2
823B-32X-2
823B-32X-2
823B-32X-2
823B-32X-2
823B-32X-2
823B-32X-3
823B-32X-3
823B-32X-3
823B-32X-3
823B-32X-3
823B-32X-4
823B-32X-4
823B-32X-4
823B-32X-4
823B-32X-4
823B-32X-4
823B-32X-5
823B-32X-5
823B-32X-5
823B-32X-5
823B-32X-5
823B-32X-5
823B-32X-5
823B-32X-5
823B-32X-6
823B-32X-6
823B-32X-6
823B-32X-6
823B-32X-6
823B-32X-0
823B-32X-0
823B-33X-1
823B-33X-1
823B-33X-1
823B-33X-1
823B-33X-1
823B-33X-3
823B-33X-3
823B-33X-3
823B-33X-3
823B-33X-4
823B-33X-4
823B-33X-4
823B-33X-4
823B-33X-4
823B-33X-4
823B-33X-5
823B-33X-6
823B-33X-0
823B-33X-0
823B-33X-0
823B-33X-0
823B-33X-0
823B-34X-1
823B-34X-1
823B-34X-1
823B-34X-2
823B-34X-2
823B-34X-3
823B-34X-4
823B-34X-5
823B-34X-5
823B-34X-6
823B-34X-6
823B-34X-6

0
3

20
0

51
86

118
0

26
50
67

102
66
82
95

126
138
143

0
34
53
64

0
112
117
129

2
11
18
37
87
2

11
35
42
61
68
84
20
43
66

121
3

44
83
88

120
130
44
68

0
10
17
38
53
14

120
127
43
93

0
0
0

20
0
0
0

1
11
24
46
58
87

135
5

40
55
77

104
71
83

103
128
139
147
24
37
58
68
68

114
120
130

5
17
19
42
91

6
15
38
59
67
73
88
26
44
70

123
6

45
88
91

123
140
49
73

3
17
22
39
55
15

125
128
53
96

150
150

3
36
6

40
40

297.1
297.2
297.3
297.6
297.7

298
298.5
298.7

299
299.2
299.4
299.6
300.8
300.9
301.1
301.4
301.5
301.6
301.8

302
302.2
302.3
302.3
302.7
302.8
302.9
303.2
303.3
303.3
303.5

304
304.1
304.2
305.7
305.9

306
306

306.2
308.6
308.7

309
309.5
309.9
310.3
310.7
310.7

311
311.2
311.8
313.5
313.6
313.8
313.8

314
314.2
315.1
316.2
316.2
316.9
317.4
319.4
320.9
320.9
321.3
322.5
322.8
322.8

2.99
3
3
3
3
3

3.01
3.01
3.01
3.01
3.02
3.02
3.03
3.03
3.03
3.03
3.03
3.03
3.04
3.04
3.04
3.04
3.04
3.04
3.04
3.05
3.05
3.05
3.05
3.05
3.06
3.06
3.06
3.07
3.07
3.07
3.07
3.07
3.09

3.1
3.1
3.1
3.1

3.11
3.11
3.11
3.11

3.12
3.12
3.13
3.14
3.14
3.14
3.14
3.14

3.15
3.16
3.16
3.16
3.17
3.18
3.2
3.2
3.2

3.21
3.21
3.21

1.3
4.5
1.3

5
5.4
0.4

16.8
4.2
13
4
9
1

3.9
1

6.5
1.8
0.8

3
14.8
2.5
3.5
3.7
68

2
1.5
0.3

3
1.8
0.3
2.3
0.4
0.9

1
1

9.9
0.1
0.3
0.1
3.7
3.3

1
0.5
0.3
0.3
2.6

2
0.5

8.7
1.1
2.3

3
5.1
1.5

1
0.6
1.1
1.1
0.4
3.3
2.5
150
150
3.3
5.3
3.4
40

490

F
F

VF
M
M
VF
M
F
M
VF
M
F
M

VF
M
VF
F/M
F/M
mud
silt
silt
F

F
M
F
M
F

VF
M
VF
VF
F/M

F
M/C
VF
VF
VF

C/M
C

VF
VF/F
VF

VF/F
VF
VF
VF

VF
F/VF

F
F/M
C/M

F
VF
VF
VF
F

F/M
VF
VF

F
F/M
mud

silt

mud

silt

silt

mud
VF/silt

VF
silt
silt
VF

mud
VF/silt

silt
silt
silt

mud
F

VF
F/M
M/C

silt
F
M

mud
mud
mud
mud
mud
mud
silt
silt
F

mud
mud
mud
mud
M/F
mud
mud
mud
mud
silt
silt

mud

silt
M

M/F
mud
VF

silt

mud

silt

silt

silt

mud

silt

VF

silt

mud

mud
mud

mud

mud
mud
mud
mud

mud
mud
mud

mud
mud

mud

mud
mud
mud

F

Amin.
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/mm'?'?
/ m - SS
/mm"?1?

/mm SS
/mm^
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/mm
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OT$S^•/w«
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tmm'?'?

/mm1?1?
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Amin.'?'?
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/mm"?1?

/mm'?'?

/mmK
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=
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Λ .
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/mm

OT^-^=/m

IN Λ . OT

IN j\_ OT

T
T

T
T

T
T
T
T

T
T
T

T

T
T

T
T

T
T

TinS

TinS

TinS

TinS
S
T

T
T
T
T

T
T

T
T
T

T
T
T

T
T
T

TinS
T
T
T
T

T
T
T

T
T
T
T
T
T

T(2)
T

T
T
T
T
T

DF to S/2
S/2

TinS

TinS
TinS

S/2

S
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MIOCENE TO PLEISTOCENE TURBIDITES

Appendix A (continued).

Sample
823B-35X-1

823B-35X-1

823B-35X-1

823B-35X-1

823B-35X-1

823B-35X-1

823B-35X-2

823B-35X-2

823B-35X-2

823B-35X-2

823B-35X-2

823B-35X-2

823B-35X-2

823B-35X-2

823B-35X-3

823B-35X-3

823B-35X-3

823B-35X-4

823B-35X-4

823B-35X-4

823B-35X-4

823B-35X-4

823B-35X-5

823B-36X-1

823B-36X-1

823B-36X-1

823B-36X-1

823B-36X-2

823B-36X-2

823B-36X-2

823B-36X-6

823B-37X-2

823B-37X-2

823B-37X-4

823B-37X-7

823B-37X-0

823B-37X-0

823B-38X-1

823B-38X-2

823B-38X-3

823B-38X-4

823B-38X-6

823B-38X-7

823B-38X-0

823B-38X-0

823B-39X-1

823B-39X-2

823B-39X-3

823B-39X-3

823B-39X-3

823B-39X-4

823B-39X-4

823B-39X-4

823B-39X-5

823B-39X-6

823B-39X-7

823B-39X-0

823B-40X-1

823B-40X-2

823B-40X-4

823B-40X-4

823B-40X-5

823B-40X-6

823B-40X-7

823B-40X-0

Top (cm)
2

13

69

100

126

136

4

20

58

75

92

101

115

134

68

45

113

22

24

47

63

111

30

19

127

141

0

78

80

0

90

69

105

21

0

0

0

0

48

0

0

0

0

0

0

28

0

31

137

0

135

0

0

0

52

0

0

0

0

0

14

0

0

0

0

Bottom
(cm)

7

69

75

108

133

142

9

46

62

80

95

106

128

136

74

74

120

24

25

49

65

114

31

21

131

148

150

79

88

150

93

73

106

22

58

44

44

83

150

150

150

150

135

32

32

150

150

33

150

150

142

150

150

6

150

27

24

150

150

14

150

150

150

50

36

Depth (m)
324.7

325.3

325.4

325.7

325.9

326

326.2

326.6

326.7

326.9

327.1

327.2

327.4

327.5

328.3

328.3

328.8

329.3

329.4

329.6

329.8

330.2

330.9

334.4

335.5

335.7

335.7

336.5

336.6

337.2

342.6

346.1

346.5

348.6

353.5

353.9

353.9

354.2

355.3

356.8

358.3

361.3

362.7

363

363

364.5

366

366.3

367.5

367.5

368.9

369

369

369.1

372

372.3

372.5

374.2

375.7

377.3

378.7

380.2

381.7

382.2

382.6

Age
(ma)

3.23

3.23

3.23

3.23

3.24

3.24

3.24

3.24

3.24

3.24

3.25

3.25

3.25

3.25

3.26

3.26

3.26

3.26

3.26

3.27

3.27

3.27

3.28

3.31

3.31

3.32

3.32

3.32

3.32

3.33

3.37

3.4

3.4

3.42

3.46

3.47

3.47

3.47

3.49

3.5

3.51

3.52

3.53

3.53

3.52

3.54

3.54

3.54

3.55

3.55

3.56

3.56

3.56

3.56

3.57

3.57

3.57

3.58

3.59

3.6

3.6

3.61

3.62

3.62

3.62

Thickness (cm)
0.7

8

7

5.5

5.5

3.7

1.4

17

2.6

3.9

0.8

0.8

13.3

1.6

4

29

7

1.5

1

0.8

0.6

1

1

1.1

1.3

1.7

150

1.5

6.7

150

4

2.9

0.8

0.2

58

44

131

83

102

150

150

150

135

32

869

122

150

1

1.4

150

0.9

150

572

6

98

27

24

150

150

14

136

150

150

50

36

Texture Base
mud

M

mud

VF/F

VF

VF

VF

F/M

silt

F

VF

VF

F

F

mud

mud

VF

VF

VF

VF

VF

VF

VF

M/C

M/F

M

C/M

M/F

M

M

VF

F

mud

mud

mud

mud

mud

mud

mud

mud

M

M

M

mud

mud

mud

mud

mud

mud

mud

mud

mud

Texture Top
silt/VF

mud

silt

silt

silt

silt

silt

mud

silt

mud

mud

mud

silt

VF

VF

mud

mud

mud

mud

mud

mud

mud

F

F

mud

mud

F

VF

4.7cm

4cm

6cm

2cm

10cm

3.3cm

4.6cm

5.5cm

F

7cm

2cm

1.4cm

4cm

1.4cm

5.5cm

5cm

3cm

2cm

Mud cap
mud

mud

mud

mud

mud

mud

mud

Sedimentary
Structure
S S Λ M M U S S

SS
ΛWISS

/WVllüSS

/WAlliSS

/WAiüSS

ΛW-SS

/wn — S S

ΛWIUSS

/ W A Ü I

ΛVΛI^SS

ΛWIUSS

ΛVΛIÜSS

SS~OT
SST77OT

/mm
ΛWÜISS

/WΛI^SS

ΛVΛÜISS

ΛW^SS

WA 111 IN

/VWI11

/WΛ ^ IN OT

rm ^ IN OT

IN = OT

IN = SS /WA OT

/WAlliSS

ΛVΛ

ΛWISS

CSBU^vSS

^vcsms
^csms

IN = SS Λ .

ms
IN = .Λ.

IN=jvCSmSBU
IN = CSmSBU^vSS

IN = CS BU

IN = CS

IN = SS Λ

IN = SS

IN/w«^SSθT

IN = ^ v S S

IN = .Λ.

IN = _Λ_

CS3U

C S - Λ J T I S

IN = ^ ‰ C S BU

IN = Λ . ms
J V I N = BU CS

= I N ^ v BU CS

= ^ =

ms
mscs^vcs
msßu^cs
msßu^vcs
msBU^vCS

Depositional
Mechanism

T

T
T

T

T

T

T
T

T

T
T

T
T

T

TinS
S

T

T

T

T

T

TinS
T

TinS
TinS
TinS

S/2

TinS
TinS

S/2

T

T

T

T

DF/2
DF/2
DF
S/2

DF/2
DF to S/2
DFtoS/2

DF/2
DF to S/2

DF/2
DF

S/2

S/2

TinS
TinS

S/2

TinS
S/2

S
DF

DF/2
S to DF/2
S to DF/2
DF to S/2
DFtoS/2
S or DF/2

DF/2
DF/2
DF/2
DF/2

DFtoS

7

?

?
7

?

?
?
?

?

7

7

?
7

7



K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823B-41X-1

823B-41X-2

823B-41X-3

823B-41X-4

823B-41X-4

823B-41X-4

823B-41X-5

823B-41X-6

823B-41X-6

823B-41X-6

823B-41X-6

823B-41X-7

823B-41X-7

823B-42X-1

823B-42X-2

823B-42X-3

823B-42X-3

823B-42X-3

823B-42X-4

823B-42X-5

823B-42X-5

823B-42X-5

823B-42X-7

823B-42X-0

823B-43X-3

823B-43X-3

823B-43X-4

823B-43X-5

823B-43X-5

823B-43X-5

823B-43X-5

823B-43X-6

823B-43X-7

823B-44X-1

823B-44X-1

823B-44X-1

823B-44X-2

823B-44X-2

823B-44X-2

823B-44X-3

823B-44X-3

823B-44X-3

823B-44X-3

823B-44X-5

823B-44X-6

823B-44X-7

823B-44X-0

823B-45X-1

823B-45X-1

823B-45X-2

823B-45X-2

823B-45X-2

823B-45X-2

823B-45X-2

823B-45X-2

823B-45X-4

823B-45X-4

823B-45X-5

823B-45X-5

823B-45X-5

823B-45X-6

823B-45X-6

823B-45X-6

823B-45X-6

823B-45X-7

0
93

122

17

130

37

0

0

0

87

121

0

0

19

0

0

0

81

0

0

38

123

0

22

15

124

0

0

0

107

41

55

0

20

0

100

0

0

148

0

40

40

85

0

0

0

0

0

82

19

0

0

50

116

122

90

0

66

101

48

23

0

0

128

10

150
114

150

23

150

150

150

54

54

121

150

40

40

150

150

81

81

150

117

38

71

150

0

37

19

150

150

41

41

114

114

150

56

100

100

150

85

85

149

40

85

85

150

150

150

39

34

82

150

23

32

32

51

117

150

107

150

73

104

115

32

74

74

137

56

383.9
385

386.9

387.1

388.4

388.4

389

390.4

390.4

391.1

391.4

391.8

391.8

393.5

395

395.8

395.8

396.5

397.7

398.4

398.7

399.5

401

401.8

404.8

406.1

407.6

408

408

408.7

408.7

410.6

411.2

412.3

412.3

412.8

413.7

413.7

414.3

414.7

415.2

415.2

415.8

418.8

420.3

420.7
421.1

421.7

422.4

422.6

422.7

422.7

422.9

423.6

423.9

426.5

426.9

427.6

427.9

428.1

428.7

429.1

429.1

429.8

430.5

3.63
3.63

3.64

3.65

3.65

3.65

3.65

3.66

3.66

3.66

3.67

3.67

3.67

3.68

3.68

3.69

3.69

3.69

3.7

3.7

3.7

3.71

3.71

3.72

3.73

3.74

3.74

3.75

3.75

3.75

3.75

3.76

3.76

3.77

3.77

3.77

3.77

3.77

3.78

3.78

3.78

3.78

3.78

3.8

3.81

3.81

3.81

3.81

3.82

3.82

3.82

3.82

3.82

3.82

3.82

3.84

3.84

3.84

3.84

3.84

3.85

3.85

3.85

3.85

3.86

150
61

28

4

13

113

150

54

317

34

29

40

69

131

150

81

362

69

117

38

31

27

2

2.6

4

26

150

41

191

5

73

95

151

80

100

50

85

135

0.3

40

45

85

65

327

150

39

34

82

78

1

32

405

1.5

0.4

28

17

150

5.5

1

67

6

74

147

4

46

M/C

M/C

mud

mud

mud

VF

C/M

mud

C/M

mud

M

F

M

F

M

F

M

M

mud

F
M/F

2.5cm

3cm

3cm

6cm

VF

3.2cm

M

F

5cm

IN = ^
IN

IN = SS

/m~SS

in IN

IN = SS

IN = SS

IN = SS

IN = SS

IN = SS

csmsBU^v

csmseu^v
IN = SS _Λ.

IN = SS Λ .

cs^ms
j \ . IN = SS

CSBU^v

.Λ. IN BU

IN =

IN ^ / v w SS

j\. IN

CS^BU =

CS^vSS

IN

IN SS

IN SS

IN SS

CSBU^v

IN = ^v

IN = SS

IN = SS

IN

IN SS

IN SS

msss
csßu^ms

=

IHj^ = CSBJ
SS IN

fm—

IN Zoo $S

Zbo $$ IN
Λ V Λ I I I $ ^

^ms
BU

IN «

SS
ΛYΛIIISS

IN SS /WA

IN fm

IN

IN

CS^vfTISEUSS

s
s
s
T

TinS

S/2

S/2

S/2

S

s
DF/2

DF/2

DF

S/2

S/2

S/2

S

DF

S

DF

StoDF

S

T

TinS

T

S

DF to S/2

DF/2

DF

TinS

S

S/2

S

DF to S/2

DFtoS

S/2

S/2

S

T

S/2

S/2

S

DF/2

DF

S/2

S/2

S/2

S or DF/2

S/2

TinS

S/2

S

T

T

DFtoS

DFinS

S

TinS

TinS

S/2

TinS

S/2

S

T

DF/2

426



Appendix A (continued).

MIOCENE TO PLEISTOCENE TURBIDITES

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure
jvms$$

_ΛJTIS$$

^v=$$

m o_/\_Co

ITIO_Λ-CO

JV IN ty

IN ~

IN ^v = $$

IN OT = " ΛAM

Λ . IN $$

m$$

_rv. IN $$

J V $$ IN

ms$$

IN OT " =

IN OT ^

./v IN

ms
ms

-$$
m$$

m

m =

m =

m$$

OT$$"=

OT^v.

/w«m$$
m = $$

m$$

m$$

m = $$
= $ $

m=$$
m = $$

m$$

m = i>$$
m = $$
m = $$

/wvim = $$

m$$

=
m = $$

m$$

m$$

IN m $$

= $ $

= Λ . $ $

= m m $ $
m$$

m = $ $

Depositional
Mechanism

DF or S/2
DF

S

DF/2
DF/2
DF

S/2

TinS
S/2

TinS
S/2

TinS
S/2

S

T

DFtoS
DF

TinS
TinS
TinS

S

DFinS
DFinS

DF

T

T

T

T

T

T

TinS
S/2

TinS
S/2

S

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

S

T

T

T

T

823B-46X-3

823B-46X-3

823B-46X-3

823B-46X-4

823B-46X-5

823B-46X-6

823B-46X-6

823B-47X-1

823B-47X-1

823B-47X-2

823B-47X-2

823B-47X-3

823B-47X-3

823B-47X-3

823B-47X-4

823B-47X-4

823B-47X-5

823B-47X-6

823B-47X-6

823B-47X-6

823B-47X-6

823B-48X-1

823B-48X-1

823B-48X-1

823B-48X-2

823B-48X-2

823B-48X-2

823B-48X-2

823B-48X-2

823B-48X-2

823B-48X-2

823B-48X-2

823B-48X-3

823B-48X-3

823B-48X-3

823B-48X-3

823B-48X-3

823B-48X-3

823B-48X-3

823B-48X-3

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-4

823B-48X-5

823B-49X-1

823B-49X-1

823B-49X-1

823B-49X-1

823B-49X-1

823B-49X-2

823B-49X-2

823B-49X-3

823B-49X-3

823B-49X-4

823B-49X-4

823B-49X-5

823B-49X-5

0
0

36

0

0

0

52

129

24

110

0

53

0

0

101

12

0

0

27

50

0

0

133

0

6

14

23

26

33

51

117

60

28

0

0

71

76

84

92

99

0

16

27

42

47

56

83

97

110

131

139

47

32

39

60

70

86

33

46

15

30

22

146

0

20

36
36

150

150

150

52

150

134

150

127

150

69

150

150

105

120

150

3

34

52

52

80

143

143

8

16

25

31

35

54

127

150

32

32

32

74

79

88

95

103

4

25

29

47

53

60

89

101

117

137

141

49

33

43

62

86

150

39

48

28

150

25

150

6

21

434
434

435.1

436.6

438.1

438.6

439.6

441.6

441.8

443.1

443.3

444

444.8

444.8

445.9

446

447.8

447.8

448.1

448.3

448.3

450.7

451.3

451.3

451.5

451.6

451.7

451.7

451.8

451.9

452.7

452.9

453.2

453.2

453.2

453.6

453.7

453.8

453.9

453.9

454.4

454.7

454.7

454.9

454.9

455

455.3

455.4

455.6

455.8

455.8

456.4

459.9

460

460.2

460.5

461.1

461.5

461.6

462.9

464.1

464.4

465.6

465.7

465.8

3.87
3.87

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.88

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

36
430

114

150

150

352
QQ

yö
3.5
126

2

150

1.8

150

426

2.5

108

150

3

1.8

1.6

52
on
δU

10.7

143

1.2

1.8

2

4.8

1.6

2.4

11

90

2.8

32

122

2.8

3.3

3.4

3

4

3.2

5.8

1.8

3

4.8

3

5.8

3.5

4

5.3

2

1.4

0.5

1.5

2

6.6

64

6

1.2

13.5

120

3.3

4

4.8

1.1

mud

mud

mud

F

F

C

M

C

F

M

mud

VF

VF

VF

VF

VF

F

VF

F/M

F/M

F/M

silt

F

F

VF

VF

M

F

VF

M

M

F/M

F

F

VF

F/M

VF

F

VF

F

VF

F

M

M

VF

VF

VF

M

M

2cm

4.5cm

9cm

M(C-VC)

M

F

C

M

C

F

4.5cm

silt

silt

silt

silt

sill

VF

M

VF

VF

VF

mud

mud

mud

mud

mud

VF

silt

VF

VF

VF

silt

VF

silt

silt

silt/mud

M

F

VF

silt

VF

silt

M

silt

mud

VF

F

mud

mud

mud

mud

mud

427



K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Sample
823B-49X-5

823B-49X-5

823B-49X-6

823B-49X-6

823B-49X-6

823B-49X-0

823B-50X-1

823B-50X-1

823B-50X-1

823B-50X-1

823B-50X-1

823B-50X-2

823B-50X-2

823B-50X-3

823B-50X-3

823B-50X-3

823B-50X-3

823B-50X-3

823B-50X-3

823B-50X-3

823B-50X-0

823B-50X-0

823B-50X-0

823B-52X-2

823B-52X-3

823B-52X-4

823B-52X-4

823B-52X-4

823B-52X-4

823B-52X-5

823B-52X-5

823B-52X-5

823B-53X-1

823B-53X-1

823B-53X-1

823B-53X-1

823B-53X-2

823B-53X-2

823B-53X-2

823B-53X-3

823B-53X-4

823B-53X-5

823B-53X-5

823B-53X-6

823B-53X-6

823B-53X-6

823B-53X-6

823B-53X-6

823B-53X-6

823B-53X-7

823B-53X-8

823B-53X-7

823B-53X-7

823B-54X-1

823B-54X-1

823B-54X-1

823B-54X-1

823B-53X-0

823B-53X-0

823B-53X-0

823B-54X-1

823B-53X-0

823C-1R-1

823C-1R-1

823C-1R-2

Top (cm)
57

140

0

46

77

11

18

42

85

119

148

0

108

25

31

44

57

91

111

137

1

5

17

0
50

15

21

28

127

54

65

0

26

84

129

143

18

66

75

0

0

0

0

15

22

34

54

101

144

5

7

14

42

9

21

69

76

0

14

19

116

54

150

125

0

Bottom
(cm)

85

150

13

67

91

31

36

46

107

145

150

2

119

27

34

46

69

106

122

141

4

10

18

62

120

18

23

29

130

56

68

97

77

86

132

144

22

72

150

150

104

103

103

19

29

42

55

104

147

11

10

36

44

12

24

72

82

4

17

21

123

55

0

123

0

Depth (m)
466.5

467.1

467.2

467.8

468

468.6

469.6

469.7

470.3

470.7

470.7

470.7

471.9

472.5

472.5

472.7

472.9

473.3

473.4

473.6

473.7

473.8

473.8

489.9

492

492.5

492.5

492.6

493.6

494.4

494.5

494.8

498.3

498.4

498.8

498.9

499.2

499.7

500.5

502

503

504.1

504.1

504.3

504.4

504.4

504.5

506

506.5

506.6

506.9

506.9

506.9

507.2

507.3

507.8

507.9

508

508.2

508.2

508.3

508.6

784

785.2

785.5

Age
(ma)

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.9

3.93

3.93

3.93

3.93

3.94

3.95

3.95

3.96

3.99

3.99

4

4

4

4.01

4.02

4.03

4.04

4.04

4.04

4.07

4.07

4.07

4.07

4.08

4.08

4.08

4.08

4.08

4.08

4.09

4.09

4.09

4.1

4.1

4.1

4.1

4.1

4.1

6.09

6.1

6.11

Thickness (cm)
9.6

4.1

5.3

16.2

4.8

18.5

18

3.3

16.5

21

1.5

2

11

2.2

1.5

1.7

6.3

7.5

7

1

3.5

3

0.9

212

70

2.8

1.8

0.6

2.2

1.5

3

97

51

1.7

2.6

0.8

2.4

3.3

75

150

104

103

432

1.5

1

4.5

1.6

1.4

2

4.8

3

0

1.8

2.6

2

2.8

4

1.6

1.1

1.2

4

1

150

1.8

0

Texture Base
VF/F

silt/mud

VF/F

C

F

1 cm (4.5)

M

F

F

M

VF

F

F

F/VF

VF

VF

M

F

M
VF

VF

F

VF

F

F

VF

F

F

silt

F

F/M

VF

VF/F

(VC)M/C

F

F

silt

VF

VF

VF

VF

F

M

M
VF

C

F

F

VF

F

M

VF

VF

Texture Top
VF/silt

F/silt

VF

silt

VF

VF

silt

VF/silt

mud

VF

mud

mud

silt

VF

silt

silt

silt

M

VF

silt

silt

silt

M

mud

silt

silt

silt

silt

silt

silt

mud

silt

silt

silt

silt

silt

VF

silt

silt

VF

silt

silt

silt

VF/silt

F

Mud cap

mud

mud

mud

mud

mud

mud

mud

mud

mud

mud

Sedimentary
Structure
= - S > 5 5

55
/wviin = 55

ΛWIH = 5 5

- = 5 5

CSBJ

= - 5 5

111 = ^ = 55

= - = ^ = 55
=55
=55

= 55
m=55

55
=55

m=55
m=55

-=*>55
m=55

—

=

Λ I N =

m=55
m=55

IH55ZÒO^\_

SS

IN = _Λ_

= -55
™ - = 5 5

=
^ - 5 5
- = 5 5

.Λ. IN = BU

JV IN = #/

./v IN = ///

/vwin55

- 5 5

- 5 5
55
55
55

m=55
_ Λ _ =

m = 55
in55
in55
- 5 5
- 5 5

= 55zoo

- 5 5
- 5 5

=

Depositional
Mechanism

T

T

T

T

T

DF

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

DF

S

T

T

T

T

TinS

TinS

S

S

T

T

T

T

T

S/2

S/2

S/2

S/2

S

T

T

T

T

T

T

T

S

T

T

T

T

T

T

T

T

T

T

S

T

?

7

7

7

7

?

7

7

7

7

7
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Appendix A (continued).

MIOCENE TO PLEISTOCENE TURBIDITES

Sample Top (cm)
Bottom

(cm) Depth (m)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

$$

m$$

ΛΛM =

m$$

OT

—

m$$

ΛW>IH = $ $

/vwm=
m = $ $

m =

m = $$
Λ N V ^ $ $

ΛVA — $ $

ΛΛ»$$

$$

$$

/w*m=$$

VWll̂ L = s * - $ $

/WΛIII = ZQO

m =
=m$$

Λ Λ N H H = ^

ΛΛAA =

m = *>
m =

m=$>

= m

= m

— ***
/WΛIH =

m =
$$

m=$$
$$

™$$2bo

=^>$$

^>$$

/WΛ$$

m $ $

CSm

m

m=$$

= m
m$$

$$

$$

m =
(w*=m^$$

=

= m

».-$$

Depositioπal
Mechanism

T

T

T

T

S

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

DF

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

823C-1R-3
823C-1R-3

823C-1R-3

823C-1R-3

823C-1R-3

823C-1R-3

823C-1R-4

823C-1R-4

823C-1R-5

823C-1R-5

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-1

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-2

823C-2R-3

823C-2R-3

823C-2R-3

823C-2R-3

823C-2R-3

823C-2R-3

823C-2R-4

823C-2R-4

823C-2R-4

823C-3R-1

823C-3R-1

823C-3R-1

823C-3R-1

823C-3R-1

823C-3R-1

823C-3R-1

823C-3R-1

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

823C-3R-2

10
47

53

57

130

90

27

54

3

60

0

12

37

53

62

73

88

91

105

116

147

6

8

15

30

48

62

69

88

99

111

122

129

136

143

149

0

46

60

67

99

121

27

64

70

39

82

87

111

127

131

139

142

0

4.5

9.5

14

25

28.5

31

43

56

65

91

95

11
48

54

58

70

91

28

53

4

61

0

14

40

55

73

80

91

95

106

135

148

7

11

18

46

49

68

75

87

105

114.5

123

134

141

146

150

6.5

47

50

68

103

120

40

70

109

43

59

88

117

131

134

142

150

0

7

14

17

27

31

34

55

59

68

93

98

787.1
787.5

787.5

787.6

787.7

787.9

788.8

789

790

790.6

793.6

793.7

794

794.2

794.3

794.4

794.5

794.6

794.7

795

795.1

795.2

795.2

795.3

795.6

795.6

795.8

795.9

796

796.2

796.2

796.3

796.4

796.5

796.6

796.6

796.7

797.1

797.1

797.3

797.6

797.8

798.5

798.8

799.2

803.3

803.5

803.8

804.1

804.2

804.2

804.3

804.4

804.4

804.5

804.5

804.6

804.7

804.7

804.7

805

805

805.1

805.3

805.4

6.12
6.13

6.13

6.13

6.13

6.13

6.14

6.15

6.16

6.16

6.2

6.2

6.2

6.21

6.21

6.21

6.21

6.21

6.21

6.21

6.22

6.22

6.22

6.22

6.22

6.22

6.22

6.22

6.23

6.23

6.23

6.23

6.23

6.23

6.23

6.23

6.23

6.24

6.24

6.24

6.25

6.25

6.26

6.26

6.26

6.31

6.31

6.32

6.32

6.32

6.32

6.32

6.32

6.32

6.32

6.32

6.33

6.33

6.33

6.33

6.33

6.33

6.33

6.33

6.33

1.2
1

0.6

1.9

60

1.2

1

1

0.4

1

0

1.7

3.2

1.8

11

7

3.3

2.3

0.5

19.5

0.7

1

1

2

16

1

6

6.4

8.6

6.3

3.7

0.6

5

5

2.5

1

6.5

1

10

1.1

4

1

13

6.1

39

1.6

23

1

2.1

2.4

1.1

3

7

0

2.5

4.3

1.9

1.6

0.5

1.3

10

2.5

0.5

1.1

4.4

VF

VF

VF

VF

VF

VF

VF

F

F

F

M

M

F

F

VF

F

VF

VF

VF

F

F

F

M

M

F

F

F

VF

F

F

VF

VF

F

VF

F

VF

VF

F

VF

VF

VF

VF

VF

F

M

F

F

VF

VF

VF

VF

M

VF

VF

VF

F

F

VF

VF

VF

VF

F

VF

VF

VF

VF

M

VF

F

VF

VF

VF

VF

VF

silt

silt

VF

silt

VF

silt

silt

VF

silt

VF

F

silt

VF

silt

silt

silt

VF

silt

VF

VF

silt
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K.F. WATTS, L.L. VARGA, D.A. FEARY

Appendix A (continued).

Sample Top (cm)
Bottom

(cm) Depth Im)
Age
(ma) Thickness (cm) Texture Base Texture Top Mud cap

Sedimentary
Structure

Depositional
Mechanism

823C-3R-3
823C-3R-3

823C-3R-3

823C-3R-3

823C-3R-3

823C-3R-3

823C-3R-3

823C-3R-4

823C-3R-4

823C-4R-0

823C-4R-0

823C-4R-0

823C-4R-0

823C-4R-1

823C-4R-1

823C-4R-2

823C-4R-2

823C-4R-2

823C-4R-2

823C-4R-2

823C-4R-3

823C-4R-3

823C-4R-3

823C-4R-3

823C-4R-4

823C-4R-4

823C-4R-4

823C-4R-4

823C-4R-4

823C-5R-2

823C-5R-2

823C-5R-2

823C-5R-2

823C-5R-2

823C-5R-2

823C-5R-2

823C-5R-2

823C-5R-3

823C-5R-6

823C-5R-6

823C-5R-6

823C-6R-1

823C-6R-1

823C-6R-2

823C-6R-2

823C-6R-2

823C-7R-1

823C-7R-1

823C-7R-1

823C-7R-1

823C-7R-1

823C-7R-1

823C-7R-1

823C-7R-1

823C-7R-2

823C-7R-2

823C-7R-3

823C-7R-3

823C-7R-3

823C-7R-3

823C-7R-3

823C-7R-3

823C-7R-3

823C-7R-3

823C-7R-3

18
50

54

58

86

117

132

83

89

0

9

24

32

21

46

0

22

54

108

132

25

40

87

116

82

103

110

120

148

0

4

29

33

38

39

89

150

20

0
0
0
4

6

0

0

25

25

34

83

87

89

99

101

135

24

40

0

7

51

63

76

88

96

106

110

20
54

58

62

92

119

137

89

150

2

12

25

33

22

48

0

20

55

110

131

30

41

91

117

92

106

107

122

150

0

5

30

34

39

40

111

140

0

0

0

0

0

4

0

0

34

34

83

87

89

94

101

103

148

21

24

0

10

63

65

83

89

98

110

112

806.1
806.4

806.5

806.5

806.8

807.1

807.3

808.3

808.9

811.1

811.2

811.4

811.4

812.8

813.1

814.1

814.3

814.7

815.2

815.4

815.9

816

816.5

816.8

818

818.2

818.2

818.3

818.6

823.8

823.9

824.1

824.1

824.2

824.2

824.9

825.2

825.3

829.8

829.8

829.8

832

832

833.5

833.5

833.8

842

842.5

842.6

842.6

842.6

842.7

842.7

843.2

843.4

843.4

844.7

844.8

845.3

845.4

845.5

845.6

845.7

845.8

845.8

6.34
6.35

6.35

6.35

6.35

6.35

6.36

6.37

6.38

6.4

6.4

6.4

6.4

6.42

6.42

6.44

6.44

6.44

6.45

6.45

6.46

6.46

6.46

6.47

6.48

6.48

6.48

6.48

6.49

6.55

6.55

6.55

6.55

6.55

6.55

6.56

6.56

6.56

6.62

6.62

6.62

6.64

6.64

6.66

6.66

6.66

6.76

6.76

6.76

6.76

6.76

6.76

6.76

6.77

6.77

6.77

6.79

6.79

6.79

6.79

6.8

6.8

6.8

6.8

6.8

1.4
4

4

4

6

1.6

5

5.5

61

1.5

3

1

1.1

1.1

1.6

0

2

0.4

2

1

5.2

0.7

4.2

1.2

10

3.3

3

2.2

2

0

0.1

0.4

0.6

0.5

0.4

22

10

20

0

0

0

3.4

1.2

0

0

8.5

8.5

48.5

4

2

5.2

1.8

2

14.5

3

16

0

3.2

11.5

1.3

7

1

2.8

4

2

VF

VF

VF

M

M

F

VF

VF

F

F/M

F/M

VF

F/M

F/M

F

VF

VF/F(m)

VF

VF

VF

VF

VF

VF

VF

F(VC0

F(VC)

M

M

VF

F

F

F

F

M

M

M

F

M

VF

F

F

VF

silt

silt

silt

F

F

VF

F

VF

F

F

F

F

VF

VF

VF

VF

VF

VF

VF

VF

VF

VF

F

VF

VF/silt

silt

VF

111=55

= 5 5

^ - = 55

ΛHI$5

mOT

mOT

CS

ms
55 =

55

55
= 55 =
m = 5 5

m=55

VF

^i=55

ni55

T
T
T
T
T

DFtoS
S
S

T
T

DF

T

T

T

T

T

T

T

DF



Appendix A (continued).

MIOCENE TO PLEISTOCENE TURBIDITES

Sample
Bottom Age

Top (cm) (cm) Depth (m) (ma) Thickness (cm) Texture Base Texture Top Mud cap
Sedimentary

Structure

= 55

55

sS>=55

ΛΛMIII =

ms

m =
m=55

55

m=55

=mi^.Zbo55

CS=m

m

=S>

m=>»

...

=

m =
m55

« 55

Depositional
Mechanism

T

T

T

T

DF

DF

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

823C-7R-4
823C-7R-4

823C-7R-4

823C-7R-4

823C-7R-4

823C-7R-4

823C-7R-5

823C-7R-5

823C-7R-5

823C-7R-5

823C-7R-5

823C-7R-6

823C-7R-6

823C-7R-6

823C-8R-1

823C-8R-2

823C-9R-1

823C-9R-1

823C-9R-1

823C-9R-2

823C-9R-2

823C-9R-2

823C-9R-2

823C-9R-2

0
9

16

61

61

71

66

90

106

111

147

49

69

75

141

0

115

123

138

0

36

45

76

80

0
11

17

41

71

150

0

96

111

112

150

0

49.5

69

150

12

116

124

150

5

37

47

78

82

846.2
846.3

846.4

846.6

846.9

847.7

847.7

848.7

848.8

848.8

849.2

849.2

849.7

849.9

852.9

853

862.3

862.3

862.6

862.7

863

863.1

863.4

863.4

6.8
6.81

6.81

6.81

6.81

6.82

6.82

6.83

6.83

6.83

6.84

6.84

6.84

6.85

6.88

6.88

6.99

6.99

6.99

6.99

7

7

7

7

0
2

1.3

19.5

9.5

79

66

5.5

5.1

0.5

2.5

49

19.5

6

8.5

12

1.1

0.8

12.1

4.5

0.8

1.5

2

1.6

VF

VF

F

M/C

VF

F

VF

F

M

M

M/F

M

F

F

M

F

F

F

F

silt

VF

F/M

VF

F

VF

VF

VF

F

VF

F

M

VF

VF

M
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APPENDIX B

Petrographic Data for Site 823

Skeletal Grains
A
®

θ

B
C

s

T
ö

fff
J\
Y
O
X

to

Foraminifers (total)
Globigerinid foraminifers
Keeled planktic foraminifers
Neritic foraminifers
Large neritic foraminifers

Total bioclasts
Bioclasts (undif.)
Gastropods
Pteropods
Ostracods
Tunicates
Bivalves
Echinoderms
Algae (undif.)
Coralline red algae
Halimeda

Bryozoans
Corals
Sponge spicules
Sponges
Fish bones

Abundant = >30%, Common = 10-30%,

Other Components
M Matrix
C Cement

Other Grain Types
H Limeclast
0 Mud intraclast

Non-carbonate material
Q Detrital quartz
Fp Plagioclase
Fk K - feldspar
L Lithic fragments
Ls Sedimentary
Lm Metamorphic
Li Igneous
G Glauconite
P Phosphate

Few = 3-10%, Rare = <3%



Appendix B (continued).

Sample
Depth

(m)
Age
(ma) Abundant Common Few Rare Rock Types Carbonate Texture Depositional Mechanism

823A-1-2-32
823 A-1-4-97

823A-2-7-10

823A-2-0-0

823A-3-4-58

823A-3-6-52

823A-4-1-60

823A-4-5-37

823A-4-6-109

823A-5-2-29

823A-5-3-144

823A-5-5-35

823A-5-6-110

823A-6-3-69

823A-6-3-139

823A-6-7-44

823A-7-4-90

823A-7-5-76

823A-8-2-144

823A-8-3-77

823A-9-3-57

823A-9-7-17

823A-10-3-58

823 A-10-4-37

823A-11-1-64

823 A-11-3-60

823A-11-6-32

823A-12-2-91

823B-12-2-106

823B-12-3-34

823A-12-6-16

823 A-13-2-36

823B-13-2-90

823 A-13-5-47

823A-13-7-16

823B-13-6-30

823B-14-1-140

823B-14-4-21

823B-14-5-73

823B-14-6-69

823B-15-1-89

823B-15-6-99

823B-16-2-94

823B-16-3-94

823B-16-6-68

1.82
5.47

14.9

15.32

20.38

23.32

25.4

31.17

33.39

36.09

38.74

40.65

42.9

47.49

48.19

53.24

58.7

60.06

65.74

66.57

75.87

81.47

85.38

86.67

91.94

94.9

99.12

103.21

105.86

106.64

108.46

112.16

115.2

116.77

119.46

120.6

123.8

127.11

129.13

130.59

132.99

140.59

144.14

145.64

149.88

0.02
0.061

0.305

0.31

0.358

0.386

0.406

0.462

0.477

0.49

0.503

0.513

0.524

0.547

0.55

0.576

0.609

0.629

0.714

0.726

0.865

0.944

0.987

1.002

1.06

1.093

1.16

1.228

1.27

1.274

1.282

1.299

1.314

1.321

1.333

1.339

1.354

1.369

1.378

1.385

1.396

1.432

1.448

1.455

1.475
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B C
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ë<à•Q•ff
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QCffPG^ff-&•S

*QCcM

QLP-θ-óC
G
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G×e
GP•θ•^
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GPU^L

CGPHffSfff

GP•θ•*

QB Pβ<8S-θ-*C

GPM β•<r

β PQ^(T
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CMPG^X?

GPM/*

GP#M

^ • ö

<Söff

fβ•θ•f

Gff

QPB•θ•C

GP-θ-/

GPMòw
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P C /

mixed sandstone

limestone, bioclastic, foraminiferal

limestone, bioclastic, foraminiferal

limestone, bioclastic, foraminiferal

foraminiferal ooze, bioclastic

limestone, bioclastic, foraminiferal

limestone, bioclastic

limestone, bioclastic, foraminiferal, quartzose

mixed sandstone, bioclastic

mixed sandstone, bioclastic

foraminiferal ooze

limestone, bioclastic, foraminiferal

foraminiferal ooze, bioclastic

foraminiferal ooze, bioclastic

limestone, bioclastic, foraminiferal, quartzose

mixed mudstone, foraminiferal

foraminiferal ooze, quartzose

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

limestone, bioclastic, foraminiferal, quartzose

foraminiferal ooze, bioclastic

limestone, bioclastic, foraminiferal

limestone, bioclastic

limestone, bioclastic, foraminiferal, quartzose

foraminiferal ooze

limestone, bioclastic, quartzose

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

dolomitic limestone, bioclastic, foraminiferal

limestone, bioclastic, foraminiferal

foraminiferal ooze, bioclastic

mixed sandstone, bioclastic

dolomitic limestone, bioclastic, foraminiferal

limestone, bioclastic, foraminiferal

limestone, bioclastic, foraminiferal, quartzose

limestone, bioclastic

mixed sandstone, bioclastic

mixed sandstone, bioclastic, quartzose

dolomitic limestone, bioclastic, quartzose

limestone, bioclastic

mixed mudstone, foraminiferal

foraminifer chalk, mixed mudstone, bioclastic

foraminifer chalk, bioclastic

foraminifer chalk, bioclastic

foraminifer chalk, bioclastic

Grainstone

Grainstone

Grainstone

Grainstone, Packstone

Packstone

Packstone

Grainstone

Grainstone

Grainstone

Grainstone

Packstone

Grainstone

Packstone

Packstone

Grainstone

Wackestone

Packstone

Wackestone

Wackestone

Grainstone

Packstone

Grainstone

Grainstone

Grainstone, Packstone

Packstone

Grainstone

Wackestone

Wackestone

Grainstone

Packstone

Packstone

Grainstone

Grainstone, Packstone

Grainstone

Grainstone

Grainstone

Grainstone

Grainstone, Wackestone

Grainstone, Packstone

Grainstone, Packstone

Wackestone

Packstone

Grainstone

Grainstone

Grainstone

turbidite

turbidite

turbidite

turbidite

debris flow

turbidite

turbidite

turbidite

turbidite

turbidite

hemipelagic?

turbidite

turbidite

turbidite

turbidite

hemipelagic

turbidite to debris flow

hemipelagic

hemipelagic

turbidite

slump

turbidite

turbidite

turbidite

turbidite

turbidite

hemipelagic

hemipelagic

turbidite

turbidite

turbidite

turbidite in slump

turbidite

turbidite

turbidite?

turbidite

turbidite?

turbidite

turbidite

turbidite

debris flow

turbidite

turbidite

turbidite

turbidite



Appendix B (continued).

Sample
Depth Age

(m) (ma) Abundant Common Few Rare Rock Types Carbonate Texture Depositional Mechanism

823B-18-5-115
823B-19-1-90

823B-19-6-140

823B-20-1-148

823B-20-4-125

823B-21-1-108

823B-21-5-87

823B-22-2-109

823B-22-4-99

823B-22-6-47

823B-22-6-57

823B-22-6-118

823B-23-1-8O

823B-23-2-48

823B-23-3-29

823B-23-4-47

823B-23-6-128

823B-24-1-113

823B-24-4-108

823B-25-3-45

823B-25-4-36

823B-25-5-119

823B-25-6-126

823B-26-3-25

823B-26-5-20

823B-26-5-36

823B-26-6-78

823B-27-7-61

823B-28-5-8

823B-28-6-123

823B-28-0-22

823B-29-4-51

823B-29-5-25

823B-29-6-69

823B-30-1-95

823B-30-2-28

823B-30-3-89

823B-30-4-86

823B-30-5-15

823B-30-5-79

823B-30-6-48

823B-31-2-66

823B-31-4-102

823B-31-6-128

823B-31-7-107

168.25
171.7

179.7

181.98

186.25

191.28

197.07

202.39

205.29

207.77

207.87

208.48

209.9

211.08

212.39

214.07

217.88

219.83

224.28

231.45

232.86

235.19

236.76

240.95

243.9

244.06

245.98

256.91

263.08

265.73

266.17

271.71

272.95

274.89

277.25

278.08

280.19

281.66

282.45

283.09

284.28

288.16

291.52

294.78

296.07

1.658
1.672

1.703

1.712

1.728

1.748

1.771

1.791

1.821

1.889

1.892

1.909

1.948

1.98

2.016

2.063

2.167

2.221

2.308

2.375

2.388

2.41

2.433

2.525

2.59

2.594

2.61

2.682

2.722

2.74

2.742

2.779

2.787

2.799

2.815

2.82

2.834

2.844

2.849

2.853

2.861

2.886

2.918

2.962

2.98
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mixed mudstone, mixed sandstone, bioclastic Grainstone, Wackestone turbidite in slump

mixed sandstone, bioclastic, quartzose Grainstone turbidite

mixed sandstone, bioclastic, quartzose Grainstone turbidite

foraminifer chalk, bioclastic Grainstone turbidite

mixed mudstone, foraminiferal Wackestone hemipelagic

mixed sandstone, bioclastic Grainstone turbidite

foraminifer chalk Grainstone turbidite

foraminifer chalk, bioclastic, foraminiferal Grainstone, Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk, bioclastic Packstone turbidite

mixed mudstone, foraminiferal Wackestone turbidite?

mixed mudstone, foraminiferal Wackestone debris flow

foraminifer chalk, bioclastic Packstone turbidite

foraminifer chalk, bioclastic, quartzose Packstone turbidite

foraminifer chalk, bioclastic Packstone turbidite

mixed mudstone, foraminiferal Wackestone debris flow

foraminifer chalk, bioclastic Packstone turbidite

mixed mudstone, foraminiferal Wackestone hemipelagic

foraminifer chalk, bioclastic Packstone turbidite

limestone, foraminifer chalk, bioclastic, quartzose Grainstone, Packstone turbidite

foraminifer chalk, bioclastic Packstone turbidite

calcareous chalk, mixed sandstone, bioclastic, quart: Grainstone, Packstone turbidite

mixed sandstone, bioclastic, quartzose Grainstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk, bioclastic Packstone turbidite

foraminifer chalk, bioclastic Grainstone, Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Grainstone, Packstone turbidite

nanno-foram chalk Packstone, Wackestone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk, quartzose Grainstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone, Wackestone turbidite

nanno-foram chalk Wackestone turbidite / pelagic

foraminifer chalk Packstone turbidite

mixed mudstone, foraminiferal Packstone, Wackestone turbidite / hemipelagic

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone turbidite

foraminifer chalk Packstone turbidite



Appendix B (continued).

Sample

823B-32-3-73

823B-32-4-47

823B-32-4-131

823B-32-5-82

823B-32-6-3

823B-33-1-50

823B-33-3-23

823B-33-4-137

823B-33-5-94

823B-34-1-80

823B-34-2-95

823B-35-1-63

823B-35-1-105

823B-35-2-40

823B-35-3-116

823B-36-1-46

823B-36-2-21

823B-36-2-81

823B-36-4-123

823B-36-5-88

823B-37-2-70

823B-37-2-142

823B-37-4-25

823B-37-7-12

823B-37-7-43

823B-37-O-15

823B-38-2-60

823B-38-4-40

823B-38-4-60

823B-39-1-104

823B-39-3-33

823B-39-6-48

823B-39-6-121

823B-40-4-95

823B-41-4-143

823B-41-5-60

823B-41-6-131

823B-42-3-62

823B-42-3-93

823B-42-5-47

823B-42-0-33

823B-43-5-110

823B-43-6-114

823B-44-2-52

823B-44-4-75

Depth

(m)

299.33

300.57

301.41

302.42

303.13

305.8

308.53

311.17

312.24

315.7

317.35

325.23

325.65

326.5

328.76

334.66

335.91

336.51

339.93

341.08

346.1

346.82

348.65

353.02

353.33

353.4

355.5

358.3

358.5

364.04

366.33

370.98

371.71

378.15

388.33

389

391.21

395.62

395.93

398.47

401.6

408.7

410.24

413.32

416.55

Age
(ma)

3.015

3.026

3.033

3.041

3.047

3.07

3.093

3.115

3.124

3.152

3.165

3.23

3.233

3.24

3.259

3.307

3.318

3.322

3.351

3.36

3.401

3.407

3.422

3.458

3.46

3.461

3.478

3.501

3.503

3.532

3.544

3.566

3.57

3.601

3.65

3.654

3.664

3.686

3.687

3.7

3.715

3.749

3.757

3.772

3.788
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MA
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Rock Types

foraminifer chalk

nanno-foram chalk

foraminifer chalk

dolomitic limestone

foraminifer chalk

foraminifer chalk

foraminifer chalk

mixed sandstone, foraminiferal

foraminifer chalk, mixed mudstone, foraminiferal

foraminifer chalk

mixed mudstone, mixed sandstone, foraminiferal

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

mixed sandstone

mixed mudstone

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

mixed mudstone

nanno-foram chalk

mixed mudstone, foraminiferal

mixed mudstone

mixed mudstone, foraminiferal

mixed mudstone

mixed mudstone

mixed mudstone

mixed mudstone, foraminiferal

mixed mudstone

foraminifer chalk

mixed mudstone

mixed mudstone

limestone, foraminiferal

limestone, foraminiferal

mixed mudstone

mixed mudstone

foraminifer chalk, bioclastic

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

calcareous chalk

foraminifer chalk

mixed mudstone, foraminiferal

mixed mudstone

Carbonate Texture

Wackestone

Wackestone

Packstone

Packstone

Packstone

Packstone

Packstone

Packstone

Packstone, Wackestone

Packstone

Packstone, Wackestone

Packstone

Packstone

Packstone

Packstone

Packstone

Wackestone

Packstone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Packstone

Wackestone

Wackestone

Packstone

Grainstone, Packstone

Wackestone

Wackestone

Packstone, Wackestone

Wackestone

Wackestone

Packstone

Packstone

Wackestone

Wackestone

Depositional Mechanism

turbidite

pelagic

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

debris flow

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

slump

turbidite

hemipelagic

turbidite

turbidite / hemipelagic

hemipelagic

pelagic

debris flow

debris flow

debris flow

debris flow

debris flow

debris flow

slump

slump

turbidite

debris flow

debris flow

turbidite

turbidite

debris flow

slump

debris flow

slump

turbidite

turbidite

turbidite

slump

debris flow

o
n
(TiZ
W
H
O

r
CΛ

H

on
ziT

U
R

B



Appendix B (continued).

Sample
Depth

(m)
Age
(ma) Abundant Common Few Rare Rock Types Carbonate Texture Depositional Mechanism

823B-46-2-80

823B-46-4-10

823B-47-2-75

823B-47-4-102

823B-47-6-28

823B-48-2-28

823B-48-4-46

823B-49-1-79

823B-49-2-34

823B-49-3-18

823B-49-5-72

823B-49-6-89

823B-50-1-26

823B-50-1-58

823B-50-2-146

823B-50-3-102

823B-52-4-77

823B-52-5-62

823B-53-1-129

823B-53-2-70

823B-53-4-38

823B-54-1-80

823B-54-4-129

823B-54-5-126

823B-55-3-41

823B-55-5-22

823B-55-6-36

823B-55-7-14

823B-55-0-13

823B-56-1-127

823B-56-4-12

823B-56-4-137

823B-57-1-40

823B-57-1-117

823B-57-2-88

823B-57-3-130

823B-57-5-9

823B-57-6-33

823B-58-1-10

823B-58-4-32

823B-58-4-32

823B-58-5-70

823B-59-1-82

823B-59-2-47

823B-59-4-3

432.9
435.2

442.55

445.82

448.08

451.68

454.86

460.39

461.44

462.78

466.32

467.99

469.46

469.78

472.16

473.22

493.07

494.42

498.79

499.7

502.38

507.9

512.89

514.36

520.21

523.02

524.66

525.94

526.2

527.67

531.02

532.27

536.1

536.87

538.08

540

541.79

543.53

545.5

550.22

550.22

552.1

555.82

556.97

559.53

3.867
3.878

3.882

3.883

3.884

3.886

3.887

3.889

3.889

3.89

3.891

3.892

3.892

3.892

3.893

3.893

3.937

3.952

3.998

4.008

4.036

4.094

4.147

4.163

4.225

4.246

4.253

4.259

4.26

4.267

4.282

4.287

4.304

4.308

4.313

4.322

4.33

4.338

4.347

4.368

4.368

4.376

4.393

4.398

4.409

M

M

M

© A

MA

MA

MA

MA

A

MA

A

MA

© A

M

M ® &
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A

M

MA

A

M

A
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A
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© A
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M ® A

A

M

M

M

© A

© A

©A

M
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© A

M@A

M

M

M

M
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M
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©

©

©

M©

©

M

M

© A

M

M®

A

M®

©

M

A

®

M®

© A

© A

-θ-

M

M

© A

M

® A

© A

© A

© A

-θ•®

® A

© A

Q ® A

•θ-

-θ-

-θ•

-θ-

G Q

©

G-θ•

- θ •

-θ-

Q ©

Q ©

© A

Q•θ•®

G Q

-θ•©

GQ-θ-

-θ•®

-θ•©

M-θ-

• θ •

• θ •

-θ-@A

- θ •

Q-θ-

M

Q

C•θ-

•θ-

Q-θ-

G Q

-θ•

-θ-

• θ •

- θ •

Q ®

QL•θ•®

Q-θ•

-θ-

GPL^Q

QGP#C B

QGPB-θ•^*

Qß PS^•θ•*^

G Q

S Q O

GP•θ•Q

LP@-θ-

G PQ•θ•®

QPB^C

Q o o

U6PLW0Q

G•θ-

GP-θ•®

GQ•θ•

C•A LB^-θ•Cβ

P G Q

P #

LG•θ•Q

GPQ^C

P Q

QG P*C B

SPQAC

P G Q

GP-θ•Q

P Q C

Q

QG P^®C

B G P•θ-<S> k

G P Q # ®

C

LGP•frCB

B PC•θ *

P G Q

Q

Q

P Q

BQ•θ•<r

B G P - θ - C C

B Q P ff<& C

mixed mudstone

mixed mudstone

foraminifer chalk

foraminifer chalk

foraminifer chalk

mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

mixed mudstone

foraminifer chalk

foraminifer chalk

foraminifer chalk

mixed mudstone

foraminifer chalk, mixed mudstone, foraminiferal

foraminifer chalk

mixed mudstone, foraminiferal

foraminifer chalk

mixed mudstone, foraminiferal

foraminifer chalk

mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk, mixed mudstone

foraminifer chalk

foraminifer chalk

mixed mudstone

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk

foraminifer chalk

mixed mudstone, foraminiferal

foraminifer chalk, nannofossil chalk, mixed mudstoi

foraminifer chalk, nannofossil chalk

foraminifer chalk, mixed mudstone

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

nanno-foram chalk, mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

foraminifer chalk, mixed mudstone

foraminifer chalk, mixed mudstone, foraminiferal

Wackestone

Wackestone

Wackestone

Packstone

Packstone

Packstone

Packstone

Packstone

Packstone

Packstone

Packstone

Packstone

Packstone

Wackestone

Packstone

Packstone

Packstone

Wackestone

Packstone, Wackestone

Packstone

Wackestone

Packstone

Wackestone

Packstone, Wackestone

Wackestone

Packstone

Packstone, Wackestone

Wackestone

Packstone

Wackestone

Wackestone

Wackestone

Packstone

Packstone, Wackestone

Grainstone, Wackestone

Wackestone

Packstone, Wackestone

Packstone, Wackestone

Packstone, Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Packstone, Wackestone

Packstone, Wackestone

debris flow

debris flow

slump

turbidite in slump

turbidite in slump

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

hemipelagic

turbidite

turbidite

turbidite

slump

turbidite

turbidite

slump

turbidite

hemipelagic in slump

turbidite / hemipelagic

debris flow

turbidite

turbidite

turbidite

turbidite

debris flow

slump

hemipelagic / slump

turbidite

turbidite

turbidite

hemipelagic

turbidite

turbidite

debris flow

slump

slump

slump

hemipelagic

turbidite

slump



Appendix B (continued).

Sample
Depth

(m)
Age
(ma) Abundant Common Few Rare Rock Types Carbonate Texture Depositional Mechanism

823B-61-2-67
823B-61-7-22

823B-62-2-12

823B-62-4-70

823B-62-5-43

823B-62-6-20

823B-62-6-121

823B-62-7-11

823B-63-1-2

823B-63-2-12

823B-64-4-20

823B-64-5-32

823B-65-5-109

823B-66-1-33

823B-66-1-38

823B-66-4-121

823B-66-6-106

823B-67-3-81

823B-67-5-97

823B-69-4-52

823B-69-7-3

823B-70-6-63

823B-71-1-119

823B-71-6-80

823B-72-1-83

823B-72-2-49

823B-72-2-61

823B-72-3-44

823B-72-5-19

823B-73-1-23

823B-73-6-94

823B-74-1-41

823B-74-6-71

823B-75-2-49

823B-75-4-28

823B-75-5-49

823B-75-6-116

823B-76-3-30

823B-76-7-44

823B-77-2-142

823B-77-3-22

823B-77-6-13

823B-78-1-24

823B-78-4-69

823B-79-1-81

576.47
583.52

585.52

589.1

590.33

591.6

592.61

593.01

593.62

595.1

607.9

609.52

619.89

622.83

622.88

628.21

631.06

636.01

639.17

655.92

659.93

668.73

671.49

678.6

680.73

681.89

682.01

683.34

686.09

689.83

698.04

699.71

707.51

710.89

713.68

715.39

717.56

721.9

728.04

731.12

731.42

735.83

738.14

743.09

748.41

4.485
4.517

4.526

4.542

4.547

4.553

4.558

4.559

4.562

4.575

4.688

4.712

4.866

4.91

4.911

4.99

5.033

5.081

5.103

5.218

5.245

5.306

5.325

5.365

5.374

5.379

5.379

5.385

5.396

5.413

5.448

5.456

5.489

5.504

5.516

5.523

5.533

5.551

5.578

5.591

5.592

5.624

5.644

5.687

5.733

M

MA

® A

A

® A

A

A

A

A

® A

® A

MA

M ® A

® A

® A
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M © A
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M ® A
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G C
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S 6 C

•θ•
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e•θ•

Gß-θ•
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•θ-

BQSCMC

G

•θ•®

•θ•

•θ•

-θ-

CQ®-θ-

Q PC•θ•^

QSP-θ•C B

P C

L<&g

Q S P 8 ® C *

FPG PQ•Λ C B

GP-θ•C

BCPδ®i?*C
PCoo

G ®

QG P•θ-iirB

Li S P C Q L

FP

Q

C

>OB P^C•A

QGPB-θ••A•C

FP PM®®

G Pt>OQ

Q•θ•

Q C ^

B L P C *l>o

B L P * - θ - ^ ö

s e ®
P G

G Pi>oQ

LGI>OFP

QGPC-A•B

LP*ΛC
G P FP C Q

GPB-θ-C

PB C

C P * ö C

BG•θ•C

P G Q

FP P -kg®

•frß PC•θ•^®

L S P ß C * C

G Q C

Q G P C C B

G P C Q

Q G P B - θ - * C

GPC B

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk, mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

foraminifer chalk

mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk

nanno-foram chalk, mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk, mixed mudstone

mixed mudstone, foraminiferal

limestone, mixed sandstone, foraminiferal

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

foraminifer chalk, mixed mudstone

nanno-foram chalk, mixed sandstone, foraminiferal

foraminifer chalk, quartzose

foraminifer chalk, mixed mudstone

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

foraminifer chalk, quartzose

nanno-foram chalk

mixed mudstone, mixed sandstone, foraminiferal

nanno-foram chalk

foraminifer chalk, mixed mudstone, foraminiferal

nanno-foram chalk, mixed mudstone

nanno-foram chalk, quartzose

mixed mudstone, foraminiferal

foraminifer chalk, mixed mudstone

foraminifer chalk

mixed sandstone, foraminiferal

mixed mudstone, foraminiferal, quartzose

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

Wackestone

Wackestone

Packstone

Grainstone, Wackestone

Packstone

Packstone

Packstone

Packstone

Packstone, Wackestone

Packstone

Packstone

Packstone

Wackestone

Grainstone, Packstone

Packstone

Packstone, Wackestone

Grainstone

Packstone, Wackestone

Wackestone

Grainstone

Wackestone

Wackestone

Packstone, Wackestone

Grainstone, Wackestone

Packstone

Packstone

Wackestone, Mudstone

Wackestone

Packstone

Packstone, Wackestone

Packstone, Wackestone

Wackestone

Packstone, Wackestone

Packstone, Wackestone

Packstone

Wackestone

Packstone, Wackestone

Grainstone, Packstone

Packstone

Packstone, Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

Wackestone

slump

hemipelagic

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite in slump

debris flow

turbidite

turbidite

slump

turbidite

turbidite in debris flow

hemipelagic

turbidite

slump

slump

hemipelagic

turbidite / hemipelagic

turbidite

turbidite

debris flow

debris flow

turbidite

hemipelagic / turbidite

turbidite

slump

turbidite

slump

turbidite

slump

slump

turbidite

turbidite

turbidite

debris flow

slump

slump

hemipelagic

slump



Appendix B (continued).

Sample

823B-80-5-98

823B-81-4-30

823B-81-0-12

823B-82-3-37

823B-82-4-133

823C-1-1-9

823C-1-3-67

823B-83-3-125

823C-2-1-77

823C-2-1-135

823C-2-2-73

823B-84-1-34

823C-2-4-110

823C-3-1-147

823C-3-4-88

823C-3-0-12

823C-4-2-107

823C-4-3-87

823C-4-4-115

823C-5-1-54

823C-5-6-43

823C-6-1-1

823C-6-2-33

823C-7-2-22

823C-7-4-74

823C-7-6-51

823C-7-6-56

823C-7-6-69

823C-8-1-42

823C-8-1-133

823C-8-1-147

823C-9-1-140

823C-9-2-85

823C-9-2-115

823C-9-3-59

823C-9-3-112

823C-9-3-127

823C-9-5-64

823C-9-5-89

823C-9-5-142

823C-9-5-145

823C-9-6-94

823C-9-0-12

823C-10-1-19

823C-10-2-67

Depth
(in)

764.28

771.8

775.33

780.07

782.53

784.09

787.67

790.65

794.37

794.95

795.83

796.04

799.2

804.37

808.28

808.93

815.17

816.47

818.25

822.84

830.23

832.01

833.83

843.42

846.94

849.71

849.76

849.89

851.82

852.73

852.87

862.5

863.45

863.75

864.69

865.22

865.37

867.74

867.99

868.52

868.55

869.54

869.79

870.99

872.97

Age
(ma)

5.871

5.948

5.988

6.043

6.071

6.089

6.13

6.165

6.207

6.214

6.224

6.227

6.263

6.323

6.368

6.375

6.447

6.462

6.482

6.535

6.62

6.641

6.662

6.772

6.813

6.844

6.845

6.846

6.869

6.879

6.881

6.992

7.003

7.006

7.017

7.023

7.025

7.052

7.055

7.061

7.061

7.073

7.076

7.089

7.112

Abundant
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P S
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P Q C

Q C
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•A ß-θ-C

SPCL

SPLWC

P S C

LQLi PS®^C 6*

USPLC(θß

QSP#CB
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B PC•θ•^

SSCB

SPCQ

S P B f *
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s e
OTOO*
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PS•θ•

GP-θ•C

BSPT-θ-^®

BQSC/SSC
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L Q ®
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Q
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Rock Types

nanno-foram chalk, quartzose

nanno-foram chalk

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

foraminifer chalk, mixed mudstone, foraminiferal

foraminifer chalk

nanno-foram chalk

mixed mudstone, foraminiferal

foraminifer chalk

mixed sandstone, foraminiferal

mixed sandstone, foraminiferal

foraminifer chalk, quartzose

mixed mudstone

foraminifer chalk

foraminifer chalk, quartzose

mixed mudstone, foraminiferal

mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk

nanno-foram chalk

mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk

foraminifer chalk

mixed mudstone, foraminiferal

intraclastic conglomerate, foraminiferal

intraclastic conglomerate

foraminifer chalk

foraminifer chalk, nanno-foram chalk

foraminifer chalk, quartzose

foraminifer chalk

foraminifer chalk

foraminifer chalk, nanno-foram chalk

foraminifer chalk

mixed mudstone, foraminiferal

foraminifer chalk

nanno-foram chalk

foraminifer chalk, mixed mudstone

mixed mudstone, foraminiferal

foraminifer chalk

foraminifer chalk, quartzose

foraminifer chalk, nannofossil chalk

nanno-foram chalk, mixed mudstone

nanno-foram chalk, mixed mudstone

nanno-foram chalk, mixed mudstone

Carbonate Texture

Packstone, Wackestone

Wackestone

Wackestone

Wackestone

Packstone, Wackestone

Packstone

Wackestone

Wackestone

Packstone

Packstone

Packstone

Packstone

Wackestone

Packstone

Packstone

Packstone

Packstone, Wackestone

Packstone

Packstone

Wackestone

Wackestone

Packstone, Wackestone

Packstone

Packstone

Wackestone, Floatstone

Depositional Mechanism

slump

slump

slump

turbidite / hemipelagic

debris flow

turbidite

slump

debris flow

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

turbidite

debris flow

turbidite

turbidite

slump

slump

turbidite

turbidite

turbidite

debris flow

Grainstone, Packstone, Rudst turbidite

Floatstone

Packstone

Packstone, Wackestone

Packstone

Packstone

Packstone

Packstone, Wackestone

Packstone

Wackestone

Packstone

Packstone, Wackestone

Packstone, Wackestone

Wackestone

Packstone

Packstone

Packstone, Mudstone

Wackestone

Wackestone

Wackestone

turbidite

turbidite

debris flow

turbidite

turbidite

turbidite

turbidite

turbidite

debris flow

hemipelagic?

hemipelagic?

turbidite

debris flow

turbidite

turbidite

turbidite / hemipelagic

turbidite

debris flow

debris flow



Appendix B (continued).

Sample
Depth

(m)
Age
(ma) Abundant Common Few Rare Rock Types Carbonate Texture Depositional Mechanism

823C-10-5-10
823C-10-5-42

823C-10-5-60

823C-11-1-10

823C-11-1-116

823C-11-2-33

823C-11-2-47

823C-11-3-16

823C-11-5-6

823C-11-5-38

823C-11-6-13

823C-12-1-105

823C-12-2-98

823C-12-3-44

823C-12-3-120

823C-12-5-146

823C-12-6-91

823C-12-0-9

823C-13-1-74

823C-13-2-30

823C-13-3-95

823C-13-4-0

823C-13-4-61

823C-13-7-102

823C-14-1-132

823C-14-2-7

823C-14-3-71

823C-14-4-3

823C-14-4-136

823C-14-5-65

823C-15-1-20

823C-15-3-130

823C-15-5-8

823C-15-6-24

823C-15-6-1O0

823C-16-1-107

823C-16-3-26

823C-16-4-46

823C-16-5-49

823C-17-1-94

823C-17-2-45

823C-17-4-37

823C-17-4-50

823C-17-5-31

823C-17-5-64

876.9
877.22

877.4

880.5

881.56

882.23

882.37

883.56

886.46

886.78

888.03

891.15

892.58

893.54

894.3
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foraminifer chalk, nanno-foram chalk, bioclastic

mixed mudstone, intraclastic conglomerate, bioclast Wackestone, Floatstone
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Appendix B (continued).

Sample
Depth

(m)
Age
(ma) Abundant Common Few Rare Rock Types Carbonate Texture Depositional Mechanism

823C-18-2-12
823C-18-2-93

823C-18-3-5

823C-18-5-80

823C-18-6-28

823C-19-3-47

823C-19-3-81

823C-19-5-40

823C-19-5-95

823C-2O-1-72

823C-20-1-135

823C-20-2-17

823C-20-2-51

823C-20-3-51

823C-20-3-65

823C-20-3-90

823C-20-3-139

823C-20-4-11

823C-20-5-48

823C-20-5-130

823C-20-6-96

823C-20-7-20

823C-21-1-8

823C-21-1-92

823C-21-1-127

823C-21-3-21

823C-21-3-131

823C-21-4-50

823C-21-6-10

823C-21-6-96

823C-22-2-80

823C-22-3-53

823C-22-3-84

823C-22-4-41

823C-22-4-101

823C-22-4-108

823C-22-4-117

823C-22-6-5

823C-22-6-15

823C-22-6-128

823C-23-1-20

823C-23-2-73

823C-23-3-28

823C-23-3-62

823C-23-4-110

949.62
950.43

951.05

954.8

955.78
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961.11
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968.25

968.57
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973.38
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975.36
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976.68
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8.065
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8.127

8.156

8.163

8.222
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8.564

8.581
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8.672

8.699
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8.781

8.797
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FP G P B ff C C nanno-foram chalk, mixed sandstone

/WGC®ó foraminifer chalk

LB PGC<S>Ci>o nanno-foram chalk

S P • θ ^ nanno-foram chalk

FP G P B ff<® C nanno-foram chalk, mixed sandstone

B L P C •Q•ff C mixed mudstone, foraminiferal

B L P θ•^C nanno-foram chalk, mixed mudstone

©B P S / • θ C•* nanno-foram chalk, mixed mudstone, foraminiferal

B L C ^ C mixed mudstone, foraminiferal

B C P L<^& θ• C ® mixed mudstone, foraminiferal

S P ß ò C foraminifer chalk

G P Fp<s>•Ar mixed sandstone, foraminiferal

L Q P Lf«si-θ- B "A intraclastic conglomerate

H L δ ó O ß mixed conglomerate

6 P H O C limestone, quartzose

G®-θ- intraclastic conglomerate

mixed sandstone

intraclastic conglomerate

G P L-θ-C mixed mudstone, foraminiferal

© B P G^•θ-ó® nanno-foram chalk, mixed mudstone, foraminiferal

ß C G L#-θ-eo C foraminifer chalk, mixed sandstone, foraminiferal
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limestone, bioclastic

-fc C nanno-foram chalk, sandstone, quartzose

B G P t>o-θ•<S> C foraminifer chalk

B-A PFp^-θ-C® foraminifer chalk

P G L mixed mudstone, foraminiferal

C -θ• foraminifer chalk

δPC-θ•i>o foraminifer chalk

C D O S B ff•&•fff C foraminifer chalk

L P Q ^ C mixed mudstone, foraminiferal

L δ C θ•^ mixed mudstone

foraminifer chalk, quartzose

mixed sandstone, foraminiferal

limestone, bioclastic

P ò ff foraminifer chalk

B © C -θ- C nanno-foram chalk, quartzose

FPG P B C -kfff foraminifer chalk, nanno-foram chalk

PC/y mixed sandstone, foraminiferal

P ö A foraminifer chalk, mixed sandstone

L FP P G >tβ>tf<fò foraminifer chalk, quartzose

FP L GQ Q•SC mixed sandstone, foraminiferal

C P -θ• C mixed mudstone, mixed sandstone, foraminiferal

FPGΣJ•A Q mixed sandstone

δ P L • θ C mixed mudstone
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Wackestone
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Wackestone

Packstone

Packstone

Wackestone
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Packstone

Grainstone, Packstone

Packstone

Grainstone, Packstone

Packstone, Wackestone

Grainstone, Packstone

Wackestone

turbidite
slump
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Appendix B (continued).

Sample
Depth

(m)
Age
(ma) Abundant Common Few Rare Rock Types Carbonate Texture Depositional Mechanism

823C-23-6-14
823C-23-6-111

823C-23-6-136

823C-24-1-7

823C-24-1-35

823C-24-1-52

823C-24-1-82

823C-24-2-28

823C-24-3-23

823C-24-4-55
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1003.54
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mixed sandstone, foraminiferal
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Packstone

Packstone

Packstone

Packstone

Grainstone

Wackestone

Packstone, Wackestone

Wackestone

Wackestone
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turbidite

turbidite

turbidite

debris flow

debris flow

turbidite

turbidite

turbidite
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Plate 1. Photomicrographs illustrating different compositions of turbidites at Site 823. A. Bioclastic foraminiferal mixed sandstone/grainstone with quartz
contains fragmented bivalves and echinoderms (Sample 133-823B-16X-3,94 cm); width of photograph = 1.33 cm. B. Foraminiferal bioclastic grainstone contains
echinoderms, bivalves, and a variety of planktonic, neritic, and agglutinated foraminifers (Sample 133-823A-5H-1, 126 cm); width of photograph = 0.27 cm. C.
Graded foraminiferal chalk (top to right) is dominated by globigerinid foraminifers with lesser keeled foraminifers (Sample 133-823B-57X-1, 40 cm); width of
photograph = 1.33 cm. D. Basal part of turbidite contains rounded intraclasts of foraminiferal mixed mudstone in turbiditic foraminiferal chalk with minor
bioclasts and large foraminifers. Note break-up fabric between the intraclasts (Sample 133-823C-7R-6, 56 cm); width of photograph = 1.33 cm.

442



MIOCENE TO PLEISTOCENE TURBIDITES

Plate 2. Photomicrographs illustrating different compositions of turbidites and debris-flow deposits at Site 823. A. Turbidite composed of foraminiferal mixed
sandstone/chalk with quartz overlies a scour cut into foraminiferal mixed mudstone. Dark grains are glauconitic peloids (Sample 133-823C-11R-6, 13 cm); width
of photograph = 0.27 cm. B. Debris-flow deposit containing clast of neritic limestone in a matrix of foraminiferal nannofossil clayey calcareous chalk with
bioclasts. The limestone clast is a grainstone containing red algae, echinoderms, other bioclasts, micritized grains, and neritic foraminifers (Sample 133-823C-
13R-4,0 cm); width of photograph = 0.48 cm. C. Same debris-flow deposit contains a rhodolith with encrusting red algae and foraminifers suspended in a matrix
of foraminiferal nannofossil clayey calcareous chalk (Sample 133-823C-13R-4, 0 cm); width of photograph = 1.33 cm. D. Very coarse-grained quartz and
Plagioclase in mixed sandstone also containing large foraminifers (Sample 133-823C-13R-6, 13 cm); width of photograph = 0.31 cm, crossed nicols.
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Plate 3. Core photographs illustrating the interrelationship between slump
and debris-flow deposits. A. Interval of mixed mudstone having very thin
interbeds of turbiditic mixed sandstone and clayey calcareous chalk intensely
deformed by slump folding. Note local shearing out of some folds (interval
133-823C-1R-2, 48-123 cm). B. Closer view of recumbent fold in lami-
nated mixed mudstone with dark turbidites interbeds. Large dark clast in the
upper part of the core is composed of cohesive calcareous claystone (interval
133-823C-1R-1, 1-18 cm). C. Debris-flow conglomerate containing nu-
merous folded clasts of chalk and rounded clasts of calcareous claystone in
a matrix of mixed mudstone (interval 133-823C-7R-5, 0-67 cm).
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Plate 4. Core photographs illustrate the interrelationship between slump and debris
flow deposits and turbidites. A. Graded and plane-laminated turbidite containing a
small intraclast overlying a scour cut into the underlying debris-flow conglomerate.
Note the folded clasts in the debris-flow conglomerate that also are pictured in Plate
3 (Fig. 3; interval 133-823C-7R-4, 62-96 cm). B. Intraclastic debris-flow conglom-
erate containing dark clasts of calcareous claystone suspended in a matrix of mixed
mudstone. Note the lighter colored trace-fossils that cut across both the matrix and
clasts, indicating that both were unconsolidated when deposited and that burrows cut
deeply into this thick deposit (interval 133-823B-44X-4, 59-86 cm). C. Rounded
intraclasts of chalk that occur at the bases of a series of amalgamated turbidites. The
chalk was originally semi-consolidated calcareous pelagic ooze that eroded from the
slope and became incorporated in the turbidites (interval 133-823C-7R-6, 39-71 cm).


