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Background and objectives

International Ocean Discovery Program (IODP) Site U1517
(proposed Site TLC-04B) is located at 38°49.772'S, 178°28.557E in
the extensional, creeping part of the Tuaheni Landslide Complex
(TLC) (Figure F1; see Figure F2 in the Expedition 372A summary
chapter [Barnes et al, 2019a]) (Mountjoy et al., 2014b). Hole
U1517A was drilled in a water depth of 725 meters below sea level
(mbsl); Holes U1517B and U1517C lie at 720 mbsl. The primary
drilling objective was to log and sample through the landslide mass
and the gas hydrate stability zone to understand the mechanisms
behind creeping. Therefore, we planned to log the sediment column
to 205 meters below seafloor (mbsf) using logging-while-drilling
(LWD) tools, followed by advanced piston corer (APC) coring, pres-
sure coring, and temperature dual pressure probe (T2P) deploy-
ments.

Predrilling interpretation was based largely on high-resolution
3-D seismic site survey data collected in 2014 (Mountjoy et al.,
2014a) (Figure F1). These data show that, in general, the transition
from a compressional to an extensional (creeping) regime coincides
with the predicted landward edge of the gas hydrate stability zone.
The 3-D seismic cube also provided detailed images of the structure
of the TLC, particularly a horizon in the debris mass that is inter-
preted to mark the décollement for the slowly deforming part of the
TLC.

The 3-D seismic volume was acquired with streamers that were
too short for seismic velocity analysis; therefore, velocity values

were constrained from multichannel seismic Line 05CM-02 across
the northeastern part of the 3-D cube and from sparsely spaced
ocean-bottom seismometers (MacMahon, 2016; Wild, 2016). A
subseafloor velocity of 1700 m/s was determined for converting
two-way traveltime (TWT) to depth. Prior to drilling, we inter-
preted the following at Site U1517 (Figures F1, F2) (see Gross et al.,
2018):

« A possible décollement for creeping at 0.043 s TWT (37 mbsf),

« The base of the debris mass at 0.069 s TWT (59 mbsf), and

» The base of gas hydrate stability (BGHS) at 0.190 s TWT (162
mbsf).

The BGHS is mostly defined by the termination of high-amplitude
reflections, although bottom-simulating reflectors (BSRs) appear in
patches along this level (Figure F2).

Site U1517 was previously drilled to 80 mbsf with the Meeres-
boden-Bohrgerit 200 (MeBo) system during R/V Sonne Voyage SO-
247 (Site GeoB20831) (Huhn, 2016). Clayey silt landslide debris was
recovered between 0 and 28 mbsf. Recovery was poor between 28
and 60 mbsf, yielding disturbed very fine sandy coarse silt in sec-
tions as long as 1.5 m (per 3.5 m stroke length). In this interval, the
cores were highly disturbed by the drilling process and mixed with
seawater, which precluded any inferences on the presence of gas hy-
drate that may aid in elucidating its role in the creeping behavior of
the TLC. Stiff clayey silt was sampled from 60 to 78.8 mbsf in the
bedded sedimentary sequence underlying the landslide complex
with good core recovery.
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Site U1517

Figure F1. A. Bathymetry around Site U1517 with in-line and cross-line tracks from the 3-D seismic cube (white rectangle). B. IL1778 seismic section from the

3-D cube crossing Site U1517 with interpreted key horizons.
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Site-specific objectives included the following:

« Obtaining lithologic information in the creeping slides, particu-
larly material across the interpreted creeping décollement and
the lower part of the landslide debris.

« Collecting samples for shore-based laboratory studies. Potential
laboratory studies include long-term deformation tests on gas
hydrate—bearing sediments and geotechnical investigations of
hydrate-bearing and hydrate-free sediments.

« Constraining in situ gas hydrate saturation and composition to
better understand the local gas hydrate system and to calibrate
seismic data. This study includes the identification of possible
fluid sources and chemical disequilibria.
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» Obtaining pore pressure and temperature profiles to investigate
possible overpressure and search for evidence of nonsteady-
state fluid and heat flux.

« Identifying fractures and determining whether fracture patterns
change across the BGHS or in the slide mass.

« Calibrating seismic data. Beyond stratigraphic tie-ins, calibra-
tion of both 3-D and long-offset 2-D seismic data will improve
constraints for extending profiles of gas hydrate saturation and
pore pressure away from the borehole.

Refer to the Expedition 372A summary chapter (Barnes et al,,
2019a) for more details on the scientific background and objectives
for drilling the TLC.
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Operations
Fremantle port call

Expedition 372 began at 0742 h (UTC + 8 h) on 26 November
2017 with the first line ashore at Victoria Quay in Fremantle,
Australia. To comply with the New Zealand ship biofouling
regulations, the ship scheduled a 2 day hull cleaning operation at
anchorage outside of Fremantle. The vessel departed Victoria Quay
on 1 December. After a 10 nmi transit, the ship arrived at the
ORANT1 anchorage near Garden Island. Hull cleaning concluded on
3 December, and the vessel began the sea passage to Site U1517 at
1830 h.

Transit to Site U1517

After a 3419 nmi transit, the ship arrived at Site U1517 at 0200 h
(UTC + 13 h) on 16 December 2017. The voyage took ~12 days
(291.9 h) at an average of 11.7 kt.

Site U1517

Site U1517 consisted of four holes ranging in depth from 9.4 to
205.0 mbsf (Table T1). Operations at Site U1517 included LWD,
piston coring, and formation pressure and temperature measure-
ments. In total, 37 cores were recovered at Site U1517.

LWD operations with continuous safety monitoring advanced to
205 mbsf in Hole U1517A. A total of 186.84 m of core over a 197.9
m interval was recovered from Holes U1517B and U1517C using
the APC and half-length APC (HLAPC) systems (94% core recov-
ery). Hole U1517D was drilled to 168.7 mbsf with probe deploy-
ments at four locations. The total time spent on site was 5.1 days.

Hole U1517A

Once the vessel arrived on site, the thrusters were lowered, and
the ship moved to the site coordinates at 0247 h on 16 December
2017. The APC/extended core barrel (XCB) bottom-hole assembly
(BHA) was put together in preparation for coring in Hole U1517B.
The LWD BHA was assembled and contained the geoVISION,
SonicScope, NeoScope, TeleScope, and proVISION tools. For more
information on the Schlumberger logging tools, see Logging while
drilling in the Expedition 372A methods chapter (Pecher et al,
2019a).

The precision depth recorder placed the seafloor at 722.5 mbsl,
and the BHA was lowered to 672 mbsl for flow and pressure testing
of the LWD tools to determine the flow rates at which the tools ac-
tivate; all turbine-powered tools activated during the pump test.
The subsea video camera was deployed to observe the drill bit tag
the seafloor, which occurred at 1755 h. The seafloor depth for Hole
U1517A was 725.4 mbsl. The camera system was retrieved, and
drilling in Hole U1517A commenced at 1935 h on 16 December.
The bit advanced at an average rate of 20 m/h. LWD in Hole
U1517A continued through 17 December, reaching the total depth
of 205 mbsf at 1115 h. After a 30 bbl mud sweep, the drill pipe and
LWD BHA were pulled from the hole while the logging tools con-
tinued to record sonic measurements. The bit cleared the seafloor
at 1245 h and the rotary table at 1840 h on 17 December, ending
Hole U1517A.

Hole U1517B

The vessel was offset 20 m southeast (heading of 155°) for coring
operations in Hole U1517B. The assembled APC/XCB BHA was
run to 704 mbsl. The bit was spaced out, and the first core was shot
at 720 mbsl. Hole U1517B was spudded at 0130 h on 18 December
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2017, and Core 372-U1517B-1H recovered 9.4 m of sediment. The
mudline in this core could not be identified with certainty, and the
decision was made to abandon Hole U1517B and attempt to recover
a mudline core at the same hole location.

Hole U1517C

The bit was raised 4 m, and coring in Hole U1517C began at
0210 h on 18 December 2017. APC Cores 372-U1517C-1H and 2H
were drilled to 15.2 mbsf before switching to the HLAPC system to
recover a silt-rich interval. Cores 3F-14F (15.2-71.6 mbsf) were
taken before switching back to the APC system for Cores 15H-18H
(71.6-108.3 mbsf), all of which had partial strokes and were ad-
vanced by recovery. The HLAPC system was redeployed for Cores
19F-36F (108.3-188.5 mbsf). Of these, Cores 19F, 20F, 22F, 23F,
25F-28F, and 30F-36F recorded partial strokes and were advanced
by recovery, except for Cores 34F-36F, which were advanced by 4.7
m. All of the APC cores were oriented using either the FlexIT tool
(Cores 1H and 2H) or the Icefield MI-5 core orientation tool (Cores
15H-18H). The advanced piston corer temperature tool (APCT-3)
was run on Cores 15H, 17H, 20F, 23F, 26F, 29F, and 34F. A total of
177.44 m of core was recovered from the 188.5 m interval (94% re-
covery). Six APC cores were taken over a 51.9 m interval with 52.66
m recovered (101% recovery). Thirty HLAPC cores were taken over
a total interval of 136.6 m with 124.78 m recovered (91% recovery).

After reaching the total depth of 188.5 mbsf, the drill pipe was
pulled out of the hole. The bit cleared the seafloor at 1015 h on 19
December and the rotary table at 1220 h, ending Hole U1517C. The
ship was secured for the 20 nmi transit to Site U1518 (Saffer et al,,
2019) at 1310 h on 19 December.

Hole U1517D

The vessel returned to Site U1517 at 2300 h on 31 December
2017 following a 32 nmi transit from Site U1520 (Barnes et al.,
2019b). The BHA was made up, and the drill string was assembled
in preparation for formation temperature and pressure measure-
ments. Hole U1517D was spudded at 0720 h on 1 January 2018 and
was drilled to 80 mbsf. The center bit was retrieved, and the Motion
Decoupled Hydraulic Delivery System and T2P were deployed to
measure in situ formation pressure and temperature. The shear pins
failed to shear on the first attempt, and a second attempt was made
~1 h later. This time, the shear pins sheared and the T2P was in-
serted into the sediment. The tool could not be recovered using the
Electronic Release System (ERS) on the Schlumberger wireline and
had to be picked up using the coring winch. Upon retrieval, it was
noted that the T2P tip was damaged, having lost the thermistor in
the tip; however, it did record a good pressure measurement. The
center bit was installed, and the hole was drilled to 120 mbsf. After
the center bit was retrieved, a second T2P was deployed. After sit-
ting in the formation for ~45 min, the ERS again could not retrieve
the tool, and the core winch was used. Upon recovery to the rig
floor, it was noted that the second T2P was also damaged; this time,
the T2P was missing the entire tapered probe tip and the electronics
had been flooded. This damage likely occurred during tool recov-
ery. The hole was drilled to 130 mbsf, and the sediment temperature
pressure tool (SETP) was deployed using the colleted delivery sys-
tem. The hole was drilled to a total depth of 168.7 mbsf, and a final
SETP measurement was made. The drill string was pulled from the
hole, and the bit cleared the seafloor at 1030 h and the rotary table
at 1315 h. The ship was secured for transit, and Site U1517 ended at
1536 h on 2 January when the ship began the transit to Lyttelton,
New Zealand.
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Transit to Lyttelton U1517D. The vessel reached the pilot station at 0600 h on 4 January
2018, and Expedition 372 ended with the first line ashore at 0706 h

The 404 nmi transit to Lyttelton, New Zealand, began at 1536 h .
in Lyttelton.

(UTC + 13 h) on 2 January 2018 after completing operations in Hole

Table T1. Core summary, Site U1517. mbsl = meters below sea level, DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, CSF = core depth
below seafloor. NA = not applicable. H = advanced piston corer (APC), F = half-length APC, numeric core type = drilled interval. APCT-3 = advanced piston corer
temperature tool, T2P = temperature dual pressure probe, SETP = sediment temperature pressure tool. (Continued on next page.) Download table in CSV for-
mat.

Hole U1517A Hole U1517B
Latitude: 38°49.7722'S Latitude: 38°49.7820°S
Longitude: 178°28.5574°E Longitude: 178°28.5633E
Time on hole (h): 40.25 Time on hole (h): 7.25
Seafloor (drill pipe measurement below rig floor, m DRF): 736.2 Seafloor (drill pipe measurement below rig floor, m DRF): 731.1
Distance between rig floor and sea level (m): 10.8 Distance between rig floor and sea level (m): 10.9
Water depth (drill pipe measurement from sea level, mbsl): 725.4 Water depth (drill pipe measurement from sea level, mbsl): 720.2
Total penetration (drilling depth below seafloor, m DSF): 205 Total penetration (drilling depth below seafloor, m DSF): 9.4
Total length of cored section (m): 9.4
Hole U1517C Total core recovered (m): 9.4
Latitude: 38°49.7820'S Core recovery (%): 100
Longitude: 178°28.5633E Total number of cores: 1
Time on hole (h): 31.06
Seafloor (drill pipe measurement below rig floor, m DRF): 731.8 Hole U1517D
Distance between rig floor and sea level (m): 10.9 Latitude: 38°49.7765’S
Water depth (drill pipe measurement from sea level, mbsl): 720.9 Longitude: 178°28.5604E
Total penetration (drilling depth below seafloor, m DSF): 188.5 Time on hole (h): 33.68
Total length of cored section (m): 188.5 Seafloor (drill pipe measurement below rig floor, m DRF): 731.4
Total core recovered (m): 177.44 Distance between rig floor and sea level (m): 10.9
Core recovery (%): 94 Water depth (drill pipe measurement from sea level, mbsl): 720.9
Total number of cores: 36 Total penetration (drilling depth below seafloor, m DSF): 168.7
Bottom Top Bottom
Timeon Top depth depth Interval  depth depth  Recovered Core
deck drilled  drilled advanced cored cored length recovery Sections Temperature Partial
Core Date UTC(h) DSF(m) DSF(m) (m) CSF(m)  CSF(m) (m) (%) (W] measurement Orientation  stroke Comment
372-U1517A-
1 17 Dec 2017 NA 0.0 205.0 ***#¢*Drilled from 0 to 205.0 m DSF***** Logging while
drilling
372-U1517B-
1H 17 Dec 2017 1240 0.0 9.4 9.4 0.0 9.40 9.40 100 8 Y
372-U1517C-
1H 17 Dec 2017 1320 0.0 5.7 57 0.0 5.70 5.70 100 5 Y
2H 17 Dec 2017 1420 5.7 15.2 9.5 5.7 15.48 9.78 103 8 Y
3F 17 Dec 2017 1455 15.2 19.9 4.7 15.2 20.23 5.03 107 5
4F 17 Dec 2017 1530 19.9 24.6 4.7 19.9 24.78 4.88 104 5
5F 17 Dec 2017 1555 24.6 29.3 4.7 24.6 29.54 4.94 105 5
6F 17 Dec 2017 1630 293 34.0 4.7 293 33.98 4.68 100 5
7F 17 Dec 2017 1700 34.0 387 4.7 34.0 39.26 5.26 112 5
8F 17 Dec 2017 1725 38.7 434 4.7 38.7 43.81 5.1 109 5
9F 17 Dec 2017 1750 434 48.1 4.7 434 48.02 4.62 98 5
10F 17 Dec 2017 1820 48.1 52.8 4.7 48.1 52.93 483 103 5
11F 17 Dec 2017 1855 528 57.5 4.7 528 57.47 4.67 99 5
12F 17 Dec 2017 1925 57.5 62.2 4.7 57.5 61.70 4.20 89 5
13F 17 Dec2017 1955 62.2 66.9 4.7 62.2 66.66 4.46 95 6
14F 17 Dec 2017 2025 66.9 71.6 4.7 66.9 71.63 473 101 5
15H 17 Dec2017 2140 71.6 81.1 9.5 71.6 80.85 9.25 97 10 APCT-3 Y Y
16H 17 Dec2017 2255 81.1 90.6 9.5 81.1 90.96 10.06 104 10 Y Y
17H 18 Dec2017 0015 90.6 99.6 9.0 90.6 99.63 9.13 100 9 APCT-3 Y Y
18H 18Dec2017 0135 99.6 1083 8.7 99.6 108.34 8.74 100 9 Y Y
19F 18 Dec 2017 0240 108.3 113.0 4.7 108.3 11244 4.14 88 4 Y
20F 18Dec2017 0350 113.0 117.7 4.7 113.0 118.69 5.49 121 6 APCT-3 Y
21F 18 Dec 2017 0430 117.7 1224 4.7 117.7 122.27 4.56 97 5
22F 18 Dec 2017 0525 1224 1271 4.7 1224 127.27 4.87 104 5 Y
23F 18 Dec 2017 0625 1271 131.8 4.7 1271 131.69 438 98 6 APCT-3 Y
24F  18Dec2017 0720 131.8 136.5 4.7 131.8 137.02 522 m 6
25F 18 Dec 2017 0830 136.5 141.2 4.7 136.5 140.81 4.26 92 6 Y
26F  18Dec2017 0950 141.2 145.9 4.7 141.2 144.96 3.76 80 5 APCT-3 Y
27F 18 Dec 2017 1050 1459 150.1 4.2 145.9 150.11 4.21 100 6 Y
28F 18 Dec 2017 1155 150.1 154.8 4.7 150.1 154.82 4.72 100 5 Y
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Table T1 (continued).
Bottom Top Bottom
Timeon Top depth depth Interval depth depth  Recovered Core
deck drilled  drilled advanced cored cored length recovery Sections Temperature Partial

Core Date UTC(h) DSF(m) DSF (m) (m) CSF(m)  CSF(m) (m) (%) (N) measurement Orientation  stroke Comment

29F 18Dec2017 1300 154.8 159.3 4.5 154.8 159.31 4.51 100 6 APCT-3

30F 18Dec2017 1400 159.3 160.3 1.0 159.3 159.97 0.67 67 2

31F 18Dec2017 1440 160.3 165.0 4.7 160.3 163.78 348 74 6 Y

32F 18Dec2017 1520 165.0 169.7 4.7 165.0 167.18 218 46 5 Y

33F 18Dec2017 1615 169.7 1744 4.7 169.7 173.04 3.34 71 5 Y

34F 18Dec2017 1725 1744 179.1 4.7 174.4 174.70 0.30 6 1 APCT-3 Y

35F 18Dec2017 1815 179.1 183.8 4.7 179.1 182.60 3.50 74 4 Y

36F 18Dec2017 1900 183.8 188.5 4.7 183.8 187.58 3.78 80 5 Y

Hole U1517C totals: 188.5 177.44
372-U1517D-
1 31 Dec 2017 NA 0.0 168.7 ***¢*Drilled from 0 to 168.7 m DSF***** T2P and SETP
measurements

Lithostratigraphy

The dominant sediment from Hole U1517C is clayey silt to silty
clay with sandy interbeds (Figure F3). It is primarily a bedded se-
quence comprising alternating graded beds and structureless clayey
silt. Magnetic susceptibility background values are <200 x 10-* SI,
and peak values correlate well with the presence of relatively coarser
grained (fine sand) material (Figures F4, F5). Magnetic susceptibil-
ity varies downsection but averages ~14 x 10-> SI. We see an inverse
correlation with red-green-blue (RGB) color, where low RGB indi-
cates darker sand layers that have a higher magnetic signature.

We recognize five lithostratigraphic units in Hole U1517C (Ta-
ble T2; Figure F3). Definition of these units is based on visual core
descriptions and smear slide analysis, as well as RGB color and mag-
netic susceptibility logs. The unit boundaries and their primary
characteristics are listed in Table T2. Visual estimates from smear
slides show an overall decrease in grain size from Unit I to Unit IV,
whereas Unit V includes a broad distribution of material size. Tex-
tural averages for Units II-V plot in distinctly different regions on a
ternary diagram of grain size (Figure F6).

The coring process occasionally affected material recovered
from this hole in several ways that are important to recognize before
deciphering sediment structure information (Figure F7). Most beds
experienced “bed drag” (referred to as “upward-arching bed con-
tacts” in DESClogik) resulting from liner friction overcoming the
strength of the sediment and deforming bedding as it penetrates the
sediment. Figure F7A shows one of the few examples of unde-
formed beds from Hole U1517C, and Figure F7B shows bed defor-
mation dragging contacts as far as 4 cm downcore. From Core 372-
U1517C-5F downhole (~25 mbsf), core fracturing occurred on the
catwalk, likely caused by gas depressurization that forced the sedi-
ment apart in the liner. Fractures as long as 5 cm (“disking”) devel-
oped during degassing; the location where this deformation
occurred and the magnitude of expansion were not recorded. Mate-
rial was then pushed together with a wooden plunger to recreate a
continuous sediment core, which often resulted in a void in the core
that does not necessarily indicate lost material (Figure F7C). The
disking from gas expansion can significantly disrupt sediment
structures. The uppermost 20-50 cm of the first section from each
core can be highly deformed, and little useful information can be
gained from some of these intervals because the lithology and sedi-
mentary structures are mixed beyond recognition (Figure F7D).
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Fluidization of sand may result in sand from above the coring inter-
val flowing into the base of the hole (Figure F7E). Some midcore de-
formation at the base of cores resulted in apparent vertical
sedimentary structures and lithologic mixing (Figure F7F, F7Q).

Lithostratigraphic Unit |

Interval: 372-U1517C-1H-1, 0 ¢cm, to 1H-2, 150 cm
Depth: 0-3.00 mbsf
Age: Holocene

Unit I is a 3 m thick sequence that comprises greenish gray
(GLEY 1 5/10Y) silty clay with no primary sedimentary structures
(Figure F8). The unit is devoid of bioturbation and contains some
scattered shell fragments. The magnetic susceptibility log shows
low values with one peak (194 x 10-* SI) that correlates with volca-
niclastic fine sand in interval 372-U1517C-1H-1, 72 cm. The base of
the unit is defined at the top of a sandy bed that marks the transition
into sandier graded beds below (Figure F8).

Foraminifers indicate Unit I is Holocene in age (see Biostratig-
raphy).

Lithostratigraphic Unit |l

Interval: 372-U1517C-1H-3, 0 cm, to 8F-2, 69 cm
Depth: 3.0-40.74 mbsf
Age: Late Pleistocene

The major lithologies in Unit II are alternating mud (clayey silt
to silty clay) and very fine greenish gray sand (GLEY 1 5/10Y). Sub-
tle grain size variations may be present. The strata are very thinly to
thinly bedded with scattered medium-thickness sand beds (as thick
as 29 cm). No primary sedimentary structures were observed in the
clayey silt apart from color banding. The most common evidence of
bioturbation is diffuse, millimeter-scale dark sulfide mottling and
color banding that disappeared soon after splitting, leaving grains
with a rusty hue around them. No distinct ichnofossils were ob-
served. Unit II is characterized by strong variations in magnetic sus-
ceptibility values that reflect the alternating sand/mud layers
(Figure F3).

Representative smear slide observations from a sandy interval in
Unit II are illustrated by photomicrographs in Figure F9, where we
estimate the grain size proportion to be 35% sand, 35% silt, and 30%
clay. The very fine sand— to silt-sized portion is dominated by
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Figure F3. Composite lithology log based on visual core descriptions show-
ing lithostratigraphic units and 1 cm resolution SHMSL magnetic suscepti-

bility, Hole U1517C. cps = counts per second.
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Figure F4. Correlation between RGB, core photograph (372-U1517C-1H-4),
and point magnetic susceptibility (MS) data. Gray shading indicates position
of sandy intervals and their RGB and magnetic susceptibility response.
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Figure F5. Grain size distribution based on visual estimates of a representa-
tive smear slide from each lithostratigraphic unit, Hole U1517C. Unit II:
coarse silt from alternating sand and mud layers (3F-4, 28 cm). Unit lIl: silt
from thin alternating silt and clay layers (13F-4, 30 cm). Unit IV: clayey silt
(15H-3, 8 cm). Unit V: very fine sand from thin bedded sand, silt, and clay
(36F-1, 28 cm).

Silt
Fine |Coarse | Very fine sand Fine sand
T T T

Unit Il

Unit Il

Count

Unit IV

4 31 44 63 88 125 177 250
Grain size (um)

monocrystalline and polycrystalline detrital quartz grains, lithic
fragments, and nonskeletal carbonate grains. Quartz grains are sub-
rounded to rounded, whereas carbonate grains are angular to very
angular. Foraminifer tests and glauconite grains are minor compo-
nents.

Drilling-induced disturbances, such as fall-in and flow textures,
were observed near the top portion of several cores. Despite these
disturbances, the original bedding and characteristics are mostly
preserved. The basal contacts of the sand beds are sharp and vary
from irregular to very irregular. The thin-bedded sands appear
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Table T2. Lithostratigraphic units, Hole U1517C. RGB = red-green-blue. Download table in CSV format.

Interval

Unit (mbsf) Primary features

| 0-3.00 Homogeneous mud; low bulk density

1 3.00-40.74 Very thin to thin-bedded sand and mud sequence; variable magnetic susceptibility with a marked decrease at the base of the unit
coinciding with a change in lithology

Il 40.74-66.38 Laminated clay and silt sequence; relatively uniform magnetic susceptibility; base is marked by lithologic change, drop in bulk density, and
increase in RGB saturation

\% 66.38-103.16 Massive silty clay characterized by uniform magnetic susceptibility and bulk density; base is marked by lithologic change and increased
variation in magnetic susceptibility and bulk density

\" 103.16-187.53 Very thin to thin-bedded unit of sand, silt, clay, and volcanic ash; magnetic susceptibility highly variable below 160 mbsf

Figure F6. Visual estimates of average grain size for representative sediment
from Units II-V on a standard ternary plot, Hole U1517C.

Clay

Sand Silt
[ Mud = >50% <62.5 ym

I Muddy = >50% sand, >25% silt + clay

graded, whereas the medium-bedded sands appear massive but
grade upward into clayey silt over a 1-2 cm interval. Some of the
sand beds also show sharp top contacts or grain size breaks before
they grade into the clayey silt. The top contacts, both sharp and
graded, are also irregular in places (Figures F10B, F11). Most beds
show upward-arching contacts due to drilling disturbance, but the
bases of the sand beds =2 c¢m thick tend to remain horizontal to sub-
horizontal with no arching (Figure F7B).

Thinner sand beds in Unit II are commonly truncated or broken
into segments (Figure F10A). A few sand-filled subvertical fractures
were observed, particularly in Core 372-U1517C-2H. Small-scale
subvertical microfaults and contorted beds are present at several
depth intervals and record syn- or postdepositional instability of the
sedimentary sequence. The distribution of these features is summa-
rized in Table T3.

Foraminifers indicate Unit II is Late Pleistocene in age (see Bio-
stratigraphy).

Preliminary interpretation

Unit II is interpreted to be a succession of stacked turbidites.
Highly irregular basal contacts are not unusual for turbidite beds
and could represent erosion of the underlying substrate during em-
placement. However, many of the irregular basal contacts appear
unusually rugged and angular and in some cases have a “staircase”
geometry. This geometry may reflect postemplacement deforma-
tion related to landslide processes or earthquakes. The sharp top
contacts and grain size breaks could be attributed to bottom current
thieving of the turbidity current tail; however, they appear highly ir-
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regular in places (Figure F11), even where graded (Figure F10C). In
contrast, we did not see inverse grading or erosional top contacts
that might have indicated parts of the sequence were inverted and
incorporated into a debris flow. Bulk density is unexpectedly high
and porosity is unusually low for a sedimentary sequence at shallow
burial depths (see Physical properties). On the basis of the above
evidence, two hypotheses are considered: Unit Il is either part of the
TLC deposits or an in situ but locally deformed sequence.

Lithostratigraphic Unit Ill

Interval: 372-U1517C-8F-2, 69 cm, to 13F-5, 25 cm
Depth: 40.74—66.38 mbsf
Age: Late Pleistocene

The major lithologies in Unit III are massive clayey silt to silty
clay and alternating layers of dark greenish gray silt and clay (GLEY
1 4/5GY) (Figure F12). The most striking differences from Unit II
are bed thickness and grain size. Unit III comprises thick beds of
clayey silt with blebs of sand and ash and laminated stacked cou-
plets of silt and clay. The sequence contains very little sand. Black
sulfide mottling is also present throughout the unit, and color band-
ing is associated only with the laminated intervals. No distinct ich-
nofossils  were  observed.  Representative  smear  slide
photomicrographs are shown in Figure F13, and visual analysis in-
dicates an average composition of 10% sand, 30% silt, and 60% clay
(Figure F6). The clay-sized fraction is dominated by chloritic
clumps or authigenic glauconite. Authigenic micronodules of bio-
genic origin were identified. The silt-sized fraction comprises detri-
tal quartz and volcanic fragments with minor detrital carbonate
input.

Convolute bedding was observed in the clayey silt beds but
never in association with the laminated units, which appear hori-
zontal or slightly inclined (Figure F12). Upward arching due to drill-
ing disturbance affected all the laminated layers in a slight to
moderate degree but still allowed for recognition of primary charac-
teristics. The bases of the silt beds are sharp and slightly irregular
and grade upward into clay or clayey silt.

Clasts with irregular edges were identified in some of the clayey
silt beds (Sections 372-U1517C-8F-2, 9F-1, 12F-2, and 12F-4). Only
two microfaults were observed in Sections 9F-2, 80—87 c¢cm (45.49—
45.56 mbsf), and 11F-4, 9—14 cm (56.05—56.01 mbsf). Unit III has a
relatively uniform magnetic susceptibility of ~18 x 10~° SI, and its
base is marked by a decrease in magnetic susceptibility.

Foraminifers indicate Unit III is Late Pleistocene in age (see Bio-
stratigraphy).

Preliminary interpretation
The clayey silt intervals with clasts and convolute bedding can
be interpreted to be plastically deformed, matrix-supported mass
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Figure F7. Drilling-related disturbance, Hole U1517C. A. Subhorizontal parallel beds showing very little obvious drilling-related disturbance. B. Bed drag defor-
mation (concave-downward form) occurring above and below a 5 cm thick sandy bed that has not deformed. C. Void left after core was pushed back together
following gas expansion. D. Top section mixing of lithologies and disturbance of sediment structures. Below 63 cm, sedimentary structures are preserved but
retain bed drag type deformation. E. Fluidization of sand that may be related to drilling with clear bed drag below. F, G. Midcore disturbance in soft, fine-

grained sediments.

U1517C-11F-4

U1517C-1H-4
U1517C-22F-2

U1517C-2H-6

U1517C-2H-7

U1517C-8F-1

U1517C-11F-1

Figure F8. Lithostratigraphic Unit |, Hole U1517C. A. Very soft mud (1H-1, 64—
82 cm). B. Lower unit boundary defined by sandy beds (1H-2, 111-130 cm).

transport deposits (MTDs). These intervals are interbedded with
finely laminated silt and clay that might suggest fine-grained turbid-
ites. Their repetitive nature points to a rhythmic style of deposition.
The base of Unit III is marked by a sharp change in porosity and
bulk density to strata that are much less consolidated; we interpret
the unit boundary to be the base of the TLC.
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Lithostratigraphic Unit IV

Interval: 372-U1517C-13F-5, 25 c¢cm, to 18H-2, 3 cm
Depth: 66.38—103.16 mbsf
Age: Late Pleistocene

The major lithology of Unit IV is massive greenish gray to dark
greenish gray clayey silt with variable amounts of clay characterized
by Munsell colors GLEY 1 5/10Y, 4/10Y, and 4/5GY (Figure F14).
Although the unit locally appears bedded based on color changes, it
is mostly massive with light-colored ash blebs and shell fragments
scattered throughout. The silty bedded intervals have sharp bases
and gradational top contacts. Convolute bedding was observed in
two intervals at 76.06—77.24 mbsf (interval 372-U1517C-15H-5, 0—
118 c¢cm) and 82.45-82.59 mbsf (interval 16H-2, 63—75 cm). Black
sulfide mottling and low and uniform magnetic susceptibility (~13
x 1075 SI) is seen throughout the sequence. No indication of biotur-
bation is present. Representative smear slide photomicrographs
(Figure F15) indicate an average clay fraction >75% that is domi-
nated by calcareous nannofossils (coccoliths) and siliceous (opaline)
sponge spicules. Authigenic minerals from alteration of volcaniclas-
tic material (e.g., phillipsite) were also identified. The base of the
unit is placed at the top of the first significant sand bed encoun-
tered.

Foraminifers indicate Unit IV is Late Pleistocene in age (see Bio-
stratigraphy).

Volume 372A



P.M.Barnes et al.

Figure F9. Representative photomicrographs, Unit Il (372-U1517C-3F-4, 28
cm; 19.6 mbsf; A, C: plane-polarized light [PPL]; B, D: cross-polarized light
[XPL]). Q = single and polycrystalline detrital quartz (weak birefringence), L=
lithic fragments, C = nonskeletal carbonate grains (high birefringence). Fora-
minifer test (red arrow), green glauconite (G) grains, and glass shards (yellow
circles) are minor components. Note speckled birefringence of clay-sized
material in B. Note the different texture between angular carbonate grains
and subrounded quartz grains in C. Brownish fragments in PPL with moder-
ate birefringence are interpreted to be sedimentary lithic fragments (mud-
stone).

Figure F10. Lithostratigraphic Unit I, Hole U1517C. A. Very thin to thin
graded beds with highly irregular basal contacts (2H-2, 24-43 cm). B. Thin
graded beds with sharp irregular to planar contacts (5F-2, 20-38 cm). Note
that concave-downward structure is drilling-induced deformation. C. Thin to
medium graded beds with highly irregular basal contacts (6F-3, 15-34 cm).

Preliminary interpretation

Unit IV is interpreted to be a hemipelagic sequence punctuated
by scattered silty turbidites and MTDs. Bulk density and porosity
measurements suggest the sequence is poorly consolidated (see
Physical properties).
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Figure F11. Amalgamated sand beds with sharp upper and lower contact
(372-U1517C-7F-2). Turbidites are characterized by grading into overlying
sediment, and sharp upper contact indicates postemplacement modifica-
tion.

Sharp

upper
contact

_ Sharp®,
Clayey silt lower
contact

Lithostratigraphic Unit V

Interval: 372-U1517C-18H-2, 3 cm, to 36F-CC, 15 cm
Depth: 103.16—187.53 mbsf (bottom of hole)
Age: Middle Pleistocene

Unit V is highly variable and includes characteristics similar to
those of Units II and IV but with more complex heterogeneity (Fig-
ure F3). This unit is composed of alternating sand and mud and in-
tervals of massive clayey silt or silty clay. Near the bottom of the
hole are several decimeter-scale ash/tuff layers (Figure F16). Unit V
contains the coarsest sand beds recovered from Hole U1517C; some
reach medium-sand size. These sand beds exhibit sharp irregular
bases and are graded and locally laminated. Sandy beds increase in
frequency below 150 mbsf, and medium-thickness (15-20 cm) sand
beds occur from 158 to 170 mbsf. Some intervals show convolute
bedding or chaotic character with an abundance of whole and bro-
ken bivalve shells (Section 372-U1517C-18H-7). One normal mi-
crofault was observed in Section 24F-1 (11-24 cm). Black sulfide
mottling is seen throughout the core. Color banding is present and
predominantly associated with the massive layers. Bulk density and
porosity show high variability associated with different lithologies
(see Physical properties and Logging while drilling).

Based on representative smear slide photomicrographs (Figure
F17), we estimate the grain size proportion to be 70% sand, 20% silt,
and 10% clay (Figure F6). The very fine— to fine-sized fraction is
dominated by well-rounded grains of calcareous debris, probably
biogenic in origin, an interpretation supported by their shape. The
very fine— to silt-sized fraction is composed mainly of detrital
quartz, altered volcanic fragments, and glass shards. Glauconite and
mica (biotite and muscovite) are present as minor components.

Foraminifers and nannofossils indicate Unit V is Middle Pleisto-
cene in age (see Biostratigraphy).

Preliminary interpretation

Unit V is interpreted to be a mixed slope sedimentary succes-
sion that includes hemipelagic sediment (massive clay to clayey silt
beds) alternating with turbidites (graded sandy beds), MTDs (con-
voluted and chaotic intervals), and ash layers.
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Table T3. Deformation features observed in Unit I, Hole U1517C. Download table in CSV format.

Bottom Bottom Apparent Plane dip
Top offset  offset  Top depth depth offset anglein
Core, section (cm) (cm) (mbsf) (mbsf) (Y/N) core (°) Feature Comment
372-U1517C-
1H-3 0 115 3.00 4.15 Convolute bedded Color banding possibly caused by shearing; soft-sediment
deformation (some darker bands GLEY 1 4/5Y); some
scattered shell fragments; blebs filled with fine
subangular sand.
1H-3 115 140 4.15 4.40 Convolute bedded The sand also appears in inclined layers and injections
connecting the layers (Section 1H-3, 115-123 c¢m); sharp
top and bottom contacts in the sandy layers; clay matrix
similar to interval above with convolutions sandy layers
may be truncated.
1H-3 120 123 4.20 4.23 Y Filled fracture
1H-CC 0 27 537 5.64 Convolute bedded
1H-CC 5 21 5.42 5.58 N 75 Filled fracture
2H-1 0 17 5.70 5.87 Convolute bedded
2H-2 59 66 7.79 7.86 N 75 Filled fracture
2H-2 76 80 7.96 8.00 N 70 Filled fracture
2H-5 114 124 12.84 12.94 Y 85 Normal fault
2H-5 124 130 12.94 13.00 Y 78 Normal fault
3F-1 0 15 15.20 15.35 Convolute bedded? Possible truncated layer? Or drilling disturbance?
3F-3 79 82 18.99 19.02 Y 52 Normal fault
5F-1 0 40 24.60 25.00 Convolute bedded Chaotic unit. Fabric destr