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Site summary

International Ocean Discovery (IODP) Expedition 367 Site
U1499 (proposed Site SCSII-14A; Sun et al,, 2016) is located on
basement Ridge A within the South China Sea (SCS) continent—
ocean transition (COT) zone ~60 km seaward and southeast of the
outer margin high. The goal of drilling here was to core through the
sediment to sample the basement rocks and thus determine base-
ment age and lithology, which would provide a test of different pos-
sible models for the processes and rheology controlling the
extension and ultimate breakup of the continent. Ridge A was ex-
pected to have basement of either upper continental crust, lower
continental crust, or exhumed mantle rocks. Coring and drilling
also constrain the postrift history by determining the age, water
depth, and subsidence rates of the overlying sedimentary packages.

We conducted operations in two holes at Site U1499. Hole
U1499A is located at 18°24.5698’'N, 115°51.5881'E in a water depth
of 3760.2 m. In Hole U1499A, advance piston corer/extended core

barrel (APC/XCB) coring penetrated from the seafloor to 659.2 m
and recovered 417.05 m (63%). Hole U1499B is located at
18°24.5705'N, 115°51.5990'E in a water depth of 3758.1 m. We in-
stalled casing in Hole U1499B to 651 m followed by rotary core bar-
rel (RCB) coring that penetrated from 655.0 to 1081.8 m and
recovered 150.64 m (35%). Coring terminated in gravel before dete-
riorating drilling conditions prevented further penetration; no crys-
talline basement was encountered. Despite challenging conditions
in the lowermost part of Hole U1499B, two successful wireline log-
ging runs were conducted from 652 to 1020 m.

Lithostratigraphy

The cored sediment at Site U1499 is divided into nine litho-
stratigraphic units (Figure F8). Lithostratigraphic Unit I is a 48.85 m
thick middle-upper Pleistocene sequence of dark greenish gray bio-
clast-rich clay with thin clayey silt and sand interbeds. Fining-
upward silt and fine sand intervals are abundant and interpreted as
turbidite sequences. Four thin (2—7 cm) ash layers were identified in
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Unit I, none were observed in the deeper units. Unit II
(48.85-100.04 m) is a 51.19 m thick middle—upper Pleistocene se-
quence of interbedded greenish gray clay-rich calcareous ooze and
dark greenish gray nannofossil-rich clay. Synsedimentary deforma-
tional structures such as folds, microfaults, and inclined beds are
well developed in the sediment of this unit, which is interpreted as a
slump deposit. This unit is underlain by Unit III (Pliocene-middle
Pleistocene), which is divided into Subunits IIIA (100.04-181.80 m)
and IIIB (181.80-333.65 m). The 233.61 m of Unit III is dominated
by dark greenish gray clay with thick to very thick clayey silt and
calcareous sand interlaminations. Subunit IIIA contains clayey silt
layers that are thick laminations (<1 cm), whereas Subunit IIIB has
abundant thin beds (2-5 c¢m) of clayey silt and an overall increase in
nannofossil and foraminifer content. Unit IV (333.65-404.90 m) is a
71.25 m thick sequence of upper Miocene—Pliocene dark greenish
gray silty sand with clay interbeds. Recovery is very low throughout
this unit, but the recovered intervals and physical property data
suggest that the sections with no recovery may contain unconsoli-
dated to weakly consolidated sand.

Unit V (404.90-469.45 m) is a 64.55 m thick sequence of upper
Miocene dark greenish gray clay with mostly thin (<5 cm) clayey silt
and foraminifer sand interbeds. Drilling disturbance in the form of
biscuiting increases significantly in this unit. Similar to Unit IV, re-
covery in Unit VI (469.45-618.30 m) is very low. The recovered in-
tervals in this unit include upper Miocene dark greenish gray silty
sand with clay interbeds. Unit VII (618.30-761.70 m) is mainly
composed of upper Miocene dark greenish gray to dark gray sand-
stone and claystone with siltstone interbeds. Lithification increases
sharply downhole from the top of this unit, although sections with
no recovery are inferred to be nonlithified sand. Unit VIII
(761.70-929.02 m) comprises a 167.32 m thick interval of upper
Oligocene—Miocene reddish brown to reddish gray claystone and
clay-rich chalk. Based on the abundance of calcareous material, this
unit is divided into two subunits. Subunit VIIIA (761.70-892.10 m)
contains lower—upper Miocene dark reddish brown claystone with
siltstone and foraminifer sandstone interbeds, whereas Subunit
VIIIB (892.10-929.02 m) is composed of upper Oligocene-lower
Miocene reddish brown to reddish gray clay-rich nannofossil chalk
and clay-rich chalk. In the lowest part of Subunit VIIIB, abundant
brownish black iron-manganese nodules occur within reddish
brown nannofossil-rich claystone.

Unit IX (929.02-1081.80 m) is readily distinguished from the
overlying units by containing Oligocene (and pre-Oligocene?) sand-
stone, claystone, matrix-supported breccia, and gravel. This unit is
152.78 m thick and comprises three subunits. Subunit IXA
(929.02-933.28 m) is defined by dark brown and greenish gray
sandstone and breccia. Subunit IXB (933.28-933.35 m) is defined
by dark gray matrix-supported breccia in Core 367-U1499B-30R.
Subunit IXC (933.35-1081.80 m) contains gray to dark gray gravel
with silty sand intervals. The cores in Subunit IXC are completely
fragmented and were recovered as pebbles and cobbles. In general,
the pebbles and cobbles are recycled sedimentary rocks (such as
sandstone) that contain a variety of individual lithic components in-
cluding igneous, sedimentary, and metamorphic clasts. Although
the matrix that likely surrounded these cobbles and pebbles was not
recovered, we infer that the matrix is poorly consolidated and
washed away by the drilling process. Based on this description, Sub-
unit IXC may represent synrift or prerift sediments.

Structural geology

The tilting of sedimentary beds and deformation structures ob-
served at Site U1499 are limited to lithostratigraphic Units II, VII,

IODP Proceedings

Site U1499

VIII, and IX. The folds, faults, and tilted beds observed in Unit II are
related to two slump events that reworked older sediment between
younger Units I and III. Tilted beds and faults with slickensides were
observed in Units VII and VIIL These faults are linked to compac-
tion processes of the clays, and the tilted beds are associated with
sandy layers. Unit IX is divided into three subunits. In Subunit IXA,
tilted beds and a downhole increase in clast size, angularity, and
proportion of clasts were observed. The matrix-supported breccia
of Subunit IXB exhibits no clear deformation structure or tilted sed-
imentary bedding. Some of the sandstone and breccia clasts in Sub-
unit IXC exhibit veins and fractures. These clasts were transported
before sedimentation; therefore, their veins and fractures must have
originated in a previous tectonic event.

Biostratigraphy

All core catcher samples at Site U1499 were analyzed for calcar-
eous nannofossil and foraminiferal content, and additional samples
were taken from the split-core sections when necessary to refine the
ages. Preservation of microfossils varies from poor to very good,
and total abundance varies from barren to abundant. Although
samples exhibit some degree of reworking, 28 biostratigraphic da-
tums are recognized, revealing that we recovered an apparently
continuous succession of the Oligocene to the Pleistocene spanning
nannofossil Zones NP25-NN21 and foraminifer Zones M4/M3 to
Subzone PT1b. The Pleistocene/Pliocene boundary is located be-
tween Cores 367-U1499A-20X and 27X, the Pliocene/Miocene
boundary is located between Cores 31X and 43X, and the Mio-
cene/Oligocene boundary is in Section 367-U1499A-30R-2. Sedi-
mentation rates varied from ~80 mm/ky in the late Miocene—early
Pliocene and ~50 mm/ky in the early Pliocene—early Pleistocene to
~130 mm/ky in the middle-late Pleistocene. Extremely low sedi-
mentation rates (~8 mm/ky) occurred in the early-middle Miocene
during deposition of Unit VIII. Subunit IXA contains early-late Oli-
gocene microfossils (calcareous nannofossils and foraminifers) with
different preservation and abundance, probably influenced by
transported and reworked materials.

Paleomagnetism

Paleomagnetic analysis was conducted on both archive-half sec-
tions and discrete samples from the working half. The archive-half
sections were measured with the pass-through superconducting
rock magnetometer (SRM) with demagnetization steps at 5, 15, and
25 mT. The discrete samples were subjected to alternating field (AF)
and thermal demagnetization, and remanence was measured on the
spinner magnetometer. We adopted a combination of stepwise AF
and thermal demagnetization steps to fully demagnetize the dis-
crete samples and obtain the characteristic remanent magnetization
(ChRM).

Variations in natural remanent magnetization (NRM) intensity
are well correlated to observable changes in lithology and magnetic
susceptibility; for example, the low NRM intensity at ~60 m (Core
367-U1499A-7H) agrees with the carbonate-rich slump in which
magnetic susceptibility values are also low. Drilling-induced rema-
nence was identified and removed in most core sections at AF treat-
ments of 15 mT. In addition, magnetic mineral variations were
observed from the demagnetization behavior. From Core 367-
U1499B-12R downhole, the drilling overprint becomes stronger
and hard to remove with the relatively low AF steps used on the ar-
chive-half sections, whereas AF treatments up to 200 mT and tem-
peratures up to 675°C could not fully demagnetize the discrete
samples. These characteristics confirm the presence of higher coer-
civity magnetic minerals, such as hematite, compared with the pre-
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dominant magnetite and/or titanomagnetite. But further rock
magnetic property measurements should be conducted in a shore-
based lab in order to better understand the compositions.

We constructed the magnetostratigraphy of Holes U1499A and
U1499B based on the interpretation of the raw paleomagnetic data
that show stable and clear demagnetization behaviors. Declinations
from 0 to 162 m have been corrected by the Icefield MI-5 core ori-
entation tool and therefore could help accurately define magnetic
reversals. Otherwise, only inclinations are used for polarity inter-
pretations. After correlating the magnetostratigraphy to the stan-
dard geomagnetic timescale, we confidently identified the boundary
between the Brunhes and Matuyama Chrons at ~110 m. We thus
conclude that the middle/early Pleistocene boundary (0.78 Ma) is at
~110 m, the early Pleistocene/late Pliocene boundary is at ~220 m,
the late/early Pliocene (3.6 Ma) boundary is at ~260 m, and early
Pliocene/late Miocene boundary (5.33 Ma) is at ~370 m.

Geochemistry

Geochemical analyses were conducted for headspace gas safety
monitoring; quantification of sediment CaCOj, organic carbon, and
nitrogen content; and interstitial water characterization. Calcium
carbonate contents vary between 0.4 and 82 wt%, with higher values
of >20 wt% corresponding to intervals of nannofossil/foraminifer
ooze or chalk. Total organic carbon (TOC) contents mostly range
from ~0 to ~ 1.0 wt%. TOC decreases gradually downhole from 1.0
to 0.3 wt% in the uppermost 110 m corresponding to the base of the
sulfate reduction zone, reflecting active degradation of sedimentary
organic matter. The TOC to total nitrogen molar ratio (TOC/TN) is
mostly <8, indicating that TOC is derived dominantly from a ma-
rine source.

Hydrocarbon monitoring shows headspace gas consistently ap-
proaching zero throughout the site. Relatively higher methane con-
tents of approximately tens to 6000 ppmv occur across the ~100—
250 m interval, just below the sulfate reduction zone. The overall
low methane content indicates limited microbial methanogenesis
likely caused by low TOC contents (<0.3 wt%) deeper than 110 m.

We obtained 58 interstitial water samples from Hole U1499A.
The inorganic geochemistry of interstitial water is controlled by the
remineralization of organic matter and carbonate and clay diagene-
sis. The sediment rapidly becomes suboxic, as indicated by a Mn
peak of ~120 uM at ~6 m. Sulfate reduction coupled with sedimen-
tary organic matter degradation occurs to ~110 m, with near-com-
plete depletion to 257 m before increasing slowly to 16.9 mM at the
bottom of Hole U1499A. The interval of near-complete sulfate con-
sumption is also marked by pronounced high Ba concentrations >50
UM, suggesting the dissolution of barite (BaSO,). The peak alkalin-
ity and steady increase in NH,* and Br~ in the upper 110 m are con-
sistent with progressive remineralization of sedimentary organic
matter. The gradual decrease in Ca?* shallower than 80 m suggests
active authigenic carbonate precipitation triggered by sulfate reduc-
tion. A subsequent downhole increase in Ca?* and Sr** is likely
caused by biogenic carbonate dissolution and recrystallization.
Nearly parallel downhole decreases in Mg?* and K* are mostly
driven by clay mineral cation exchange and/or clay mineral authi-
genesis. The lower Cl- and Na* concentrations compared to those of
seawater at the bottom of Hole U1499A are mostly driven by the
smectite—illite transformation. Elevated Si concentrations of 700—
820 uM from the seafloor to 45 m suggest active dissolution of bio-
genic silica.
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Petrophysics

At Site U1499, measurements of P-wave velocity, bulk density,
magnetic susceptibility, and natural gamma radiation (NGR) were
made on whole-round cores, and additional measurements were
made on split cores and discrete samples, including thermal con-
ductivity; caliper P-wave velocity on the P-wave caliper (PWC); po-
rosity; and bulk, dry, and grain density. In general, bulk density, P-
wave velocity, and thermal conductivity increase with depth,
whereas porosity decreases with depth as a result of compaction
and lithification. However, some properties, such as NGR or mag-
netic susceptibility, show local variations related to the specific li-
thology. The soft sediment in the upper 100 m shows rapid
compaction with depth, marked by a decrease in porosity and in-
crease in bulk density and thermal conductivity. Four thin volcanic
ash layers in the uppermost 50 m are marked by peaks in magnetic
susceptibility. The mass transport deposit (48.85-100.04 m) dis-
plays low magnetic susceptibility and low NGR counts, reflecting
the high carbonate content of the calcareous ooze. Below these lay-
ers downhole to ~890 m, physical properties show small variations;
bulk density, P-wave velocity, and thermal conductivity gradually
increase, whereas porosity decreases with depth. The NGR and
magnetic susceptibility data in this interval do not show much vari-
ation. From 830 to 930 m, we observed a general decrease in mag-
netic susceptibility values and NGR counts where densities increase
slightly and P-wave velocities increase significantly from 2200 to
2900 m/s. These variations are associated with a significant increase
in the carbonate content in the Subunit VIIIB chalks. The cobbles
and pebbles in the deepest part (930—1080 m) show large variations
in NGR, bulk density, and P-wave velocity and very low magnetic
susceptibility.

Downhole measurements

Two downbhole logging tool strings were run in Hole U1499B, a
modified triple combo (sonic velocity, NGR, bulk density, resistivity,
and caliper) tool string and the Formation MicroScanner (FMS)-
sonic tool string (FMS resistivity images and calipers, as well as
NGR). We added the velocity tool to the first tool string because
sonic velocities were needed for an accurate prediction of basement
depth for the subsequent Site U1500 and to better constrain core-
log-seismic correlation. We also did not know if hole conditions
would allow a second logging run. Although stable borehole condi-
tions in Hole U1499B allowed the second FMS logging run, we did
not attempt a check shot due to time constraints and concerns
about hole stability. Borehole conditions from the bottom of the
casing at ~651 m to the bottom of Hole U1499B at ~1020 m were
generally good, with measured diameters from ~10 to 16 inches.
Washout zones were observed from 670 to 710 m, which corre-
sponds to an interval of very low core recovery, as well as from 830
to 920 m, affecting quality of the log data in these intervals. Log and
core data are generally in good agreement. Downhole logging pro-
vided information in zones of poor core recovery in Hole U1499B.
The log data from 726 to 739 m exhibits high NGR values and low
bulk densities and P-wave velocities, whereas the data from 820 to
840 m is characterized by a sharp increase in bulk densities, a slight
increase in P-wave velocities, and an abrupt decrease in NGR values
compared to average values above and below these depths. The
Subunit VIIIB chalks (~890-930 m) display a sharp decrease in
NGR and an increase in bulk density and P-wave velocity with
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depth, as well as only small variations in resistivity. Deeper than 930
m, bulk densities, P-wave velocities, and resistivities show large
variability, in part because of the presence of cobbles and pebbles.
The quality of the acquired FMS images is strongly influenced by
variations in hole diameter; they generally show alternating smooth
and patchy textures with contrasting resistivity values marking hor-
izontal to slightly tilted bedding downhole to 930 m. The deepest
layers of sandstones, breccias, and gravels show highly variable and
oblique textures on the FMS images, possibly reflecting the varied
orientation of the gravel clasts or the presence of faults and frac-
tures in the gravel or the matrix. In general, the velocities measured
with the sonic velocity logging tool match the PWC measurements
taken with the caliper on the split cores. Six in situ formation tem-
perature measurements were made in Hole U1499A and give a geo-
thermal gradient of 93°C/km. The estimated heat flow is 110
mW/m?, a value in agreement with the general heat flow of the area.

Correlation to seismic data

We used downhole log data and physical property measure-
ments on cores and samples as well as other available data to cor-
relate Site U1499 data with the available seismic reflection profiles.
We also used the Site U1499 density and sonic velocity data to cre-
ate synthetic seismograms that provided additional constraints on
the correlation. Log sonic velocities and PWC velocities are in very
good agreement, except for the deepest breccias and gravels (deeper
than ~930 m) where measurement on individual pebbles leads to an
overestimate of the velocity in the formation. For seismic correla-
tion, we use the PWC and density values from moisture and density
(MAD) and gamma ray attenuation (GRA) measurements from
Hole U1499A (0-655 m), whereas below that depth we used the
downhole logging velocity and density data. We used a constant ve-
locity of 2100 m/s in the low-recovery zones (333—406 and 531-561
m), interpreted to be sandy layers, based on the downhole logging
velocity values measured at greater depth. The comparison of the
time-depth relationship (TDR) obtained for Site U1499 to those for
Ocean Dirilling Program (ODP) Site 1148 and IODP Sites U1431
and U1433 shows substantial agreement, except for the Site 1148
TDR, which shows higher velocities in the deeper layers. The com-
parison among the seismic reflectors and the variations in physical
properties and lithology characteristics using the computed Site
U1499 TDR shows a good correlation between the main upper re-
flectors and the poor-recovery sandy intervals. However, the main
physical property changes related to the top of the deep gravel layer
do not correlate to the reflector observed at ~5.9 s in the seismic
profile.

Background and objectives

Site U1499 (Figures F1, F2) is located on a basement high (Ridge
A) clearly visible in the map of two-way traveltime (TWT) to base-
ment (Figure F3) and is well imaged on seismic Line 15ecLW3 (Fig-
ure F4). This site is a high priority for Objectives 1-4 as listed in
Expedition objectives in the Expedition 367/368 summary chapter
(Larsen et al., 2018). Seismic Unconformity T30 (inferred to cor-
relate to the Miocene/Pliocene boundary [Reflector Tmp]) (Li et al.,
2015a) is seen at ~5.5 s TWT within the sedimentary sequence that
overlies the basement target location. Seismic Unconformities T32,
T40, and T60 pinch out against the basement high. Site U1499 was
originally an alternate for primary proposed Site SCSII-1A. Site
SCSII-1A would have penetrated these deeper reflectors but could
not be used due to an undersea cable that had recently been in-
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stalled close to the site’s coordinates. Although Site U1499 could
not sample these deeper reflectors, we did reach the interpreted top
of acoustic basement (Reflector Tg) at a shallower depth.

The primary objective at Site U1499 was to sample basement in
a region of the COT where the basement composition is not known
so that rifting models could be constrained. Basement at Site U1499
could have been upper or lower continental crust, exhumed mantle
(serpentinized or not), or, less likely, igneous oceanic rock (e.g., ba-
salt and gabbro). The model in Figure F5 shows the basement at Site
U1499 as possibly corresponding to serpentinized lithospheric
mantle, but it could also be lower continental crust or upper conti-
nental crust, depending on the rheological differences among these
various units during the rifting process. Figure F6 shows that there
is a broad spectrum of possible magma-poor rifted-margin struc-
tures that may form, depending on the initial rheologic structure of
the extending lithosphere.

We expected the upper sedimentary section shallower than Un-
conformity T30 to be deep-marine clay, silt, or fine-grained sand
based on Site 1148 data (e.g., Shipboard Scientific Party, 2000; Clift
et al,, 2001) and seismic stratigraphic correlation. Sediments below
Unconformity T30 and above the basement reflection appear to
have more sandy layers or thin interlayered sand and clay (Figure
F4). On the seismic cross Line 04ec1530, some channel-like reflec-
tions are associated with the inferred sandy layers. However, the na-

Figure F1. Seismic data coverage and magnetic anomalies of the SCS Basin,
Expedition 367/368. Black lines = ocean-bottom seismometer refraction
data. Other seismic lines are mostly multichannel seismic reflection data.
White stars = Expedition 367/368 sites, red squares = Leg 184 sites, red cir-
cles = Expedition 349 sites. For more detail, see Figure F2.
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Figure F2. Bathymetric maps showing Expedition 367/368 sites (stars), and
(A) regional and (B) local coverage of multichannel seismic reflection data
and OBS data. Thick blue and red lines are key seismic lines used for plan-
ning of the drilling transect. A. Magnetic isochrons (orange lines) from Briais
et al. (1993). B. Magnetic picks (orange squares) from the same reference,
extracted from the Seton et al. (2014) compilation. Chron labels for the picks
correspond to the old edge of the normal polarity intervals (see Ogg et al.
[2016] timescale for ages). Orange square = Leg 184 Site 1148, yellow
squares = Expedition 349 Sites U1432 and U1435.
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ture of the lower sedimentary section, including Paleogene synrift
and possible prerift strata, is poorly constrained and may be shal-
low- to deep-marine rocks. Recovery of core from the lower synrift
sedimentary section is important here because this constrains the
timing and depositional environment of final breakup as well as the
subsidence history.
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Figure F3. Two-way traveltime to (A) acoustic basement (Tg reflector) and
(B) Unconformity T60 and location of Expedition 367/368 sites. Proposed
drilling transect (thick black line) was located approximately at the center of
a margin segment bounded to the southwest by a transform fault. North-
eastern boundary of margin segment is located around Expedition 349 Site
U1435. In this location, the outer margin high and Ridge A seem to coalesce,
and Ridges B and C of the COT become indistinct toward the northeast
within the next margin segment. Note that outer margin high is slightly
east-northeast to the more parallel Ridges A, B, and C.
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Figure F4. Original and interpreted seismic profiles across Site U1499. Seismic profile locations are shown in Figures F1, F2, and F3. Site U1499 is located on
seismic Profile 15ecLW3 and projected onto seismic Profile 04ec1530. Red text and tick marks = locations of crossing seismic lines. CDP = common depth
point. All seismic profiles are courtesy of the Chinese National Offshore Oil Corporation [CNOOC]).
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Figure F5. A-D. Schematic development of continental breakup initiated by
a simple shear along a deep, low-angle fault. B-D are slightly modified from
Huismans and Beaumont (2011) and illustrate modeling-based stages of
extension at magma-poor rifted margins of the Iberia-Newfoundland type.
Key features of D are thinning of upper crust, juxtaposition of lower crust
(e.g., Site U1499), and serpentinized mantle (Site U1500) between outer
margin and igneous oceanic crust. UP = upper plate, LP = lower plate.

—~ o[ %

€ UpP

3 1 2

20

'%- Sediment Upper crust
[0

a 40 F-S-- 4

Middle and  Lithospheric

B lower crust mantle
z 25

< Serpentinized Asthenospheric
~ mantle mantle
<

=

Q

: [ ]

(a] Oceanic

crust

IS

=

=

Q

[

(=]

U1500
U1505 U1502
U1501 U1499 lU1503

= 0

£ S

= 9 R = .

<

‘5_20----.--'-' ~_-
a

40

I0ODP Proceedings

Site U1499

Figure F6. A-E. Composite figures redrawn from models in Huismans and
Beaumont (2011), Sibuet and Tucholke (2012), Makris et al. (2012), and Sun
et al. (2016) showing spectrum of possible magma-poor rifted margin mod-
els based on rheological differences. These models suggest that lithospheric
layers with relatively lower strength will tend to stretch and thin more than
other layers. Thus, the continent-ocean transition (COT) may be dominated
by these weaker layers. D features a strong lower crust overlying a weak, wet
upper mantle, resulting in upper subcontinental (serpentinized) mantle
dominating the COT. C shows a particularly interesting alternative in which
moderately weaker lower crust leads to its exhumation in the COT. UCC =
upper continental crust, LCC = lower continental crust, UCM = upper conti-
nental mantle, UOM = upper oceanic mantle, OC = oceanic crust.
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Operations

We conducted operations in two holes at Site U1499. We
APC/XCB cored in Hole U1499A (18°24.5698'N, 115°51.5881'E;
3760.2 m water depth) from the seafloor to 659.2 m and recovered
417.05 m of core (63%). We installed 651 m of casing in Hole
U1499B (18°24.5705'N, 115°51.5990’E; 3758.1 m water depth) (Fig-
ure F7), RCB cored from 655.0 to 1081.8 m (recovering 150.64 m, or
35%), and conducted two wireline logging runs from ~65 m above
the base of the hole upward to the casing. Coring summaries of
Holes U1499A and U1499B are in Table T1. In this section we also
document the first part of the expedition leading up to Site U1499.

Figure F7. Hole U1499B reentry system and casing.

Reentry funnel

;

22m
Mud skirt

Seafloor v T | Seafloor
10.75 inch casing
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655.0 m —— o —— 654 m base of 12.75 inch hole
Logging
RCB coring
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Site U1499

Hong Kong port call

Expedition 367, South China Sea Rifted Margin, started at 0812
h (all times are UTC + 8 h) on 7 February 2017 with the first line
ashore at the China Merchants Wharf in Hong Kong. The Co-Chief
Scientists and IODP staff moved onto the ship and started crossover
with their Expedition 366 counterparts. Initial loading of incoming
shipments began. The Expedition 367 scientists boarded the ship on
the morning of 8 February. After they got settled in their rooms, the
scientists were introduced to life on board the R/V JOIDES Resolu-
tion and participated in an initial laboratory and ship safety tour.
The scientists were then introduced to the information technology
on board the ship and started to connect their computers to the
shipboard network, and half of the science party went on a core-
flow tour. Transfer of incoming and outgoing shipments continued
throughout the day. Arriving sea freight was partially loaded, along
with fresh and refrigerated food products and 300 metric tons of
potable water. All departing freight was moved to the pier. On 9
February, the day began with introductions of the Expedition 367
scientists and JOIDES Resolution Science Operator (JRSO) ship-
board staff followed by a presentation of the expedition scientific
objectives by the Co-Chief Scientists. The rest of the day’s science
meetings were postponed until the next day so that seven scientists
could address issues with their travel documents. Major port call
activities on 9 February included loading of 40 short tons of drilling
mud, 987.3 metric tons of marine gas oil, sea freight, and frozen
food, as well as offloading frozen shipments from the previous expe-
dition. Because of a missed boat transfer in Shanghai, China, a ship-
ment of essential hardware (reentry cones, casing, and mud motors)
was delayed until 10 February. Because of the time required to load
this essential hardware, our departure was delayed by 1 day to 13
February.

On 10 February, scientists were introduced to shipboard deliver-
ables, met in laboratory groups with their JRSO technical staff team
members, and underwent the Captain’s introduction and safety ori-
entation. The other half of the science party went on a core-flow
tour. A Texas A&M University System film crew spent the day film-
ing some promotional videos and was escorted around the ship. In
addition to routine loading/offloading, the trucks with our delayed
shipment of essential hardware started arriving in the late afternoon
on 10 February. After carefully calculating the remaining work, ar-
rangements were made with the agent and immigration authorities
for a departure at 1200 h on 13 February.

Table T1. Site U1499 core summary. * = base of 10.75 inch casing at 651 m; drilled in with pilot bit and underreamer that extended 2.71 m below the end of the
casing. t = not including casing drilled into 651 m. DRF = drilling depth below rig floor, DSF = drilling depth below sea floor. NA = not applicable. Core type: H
= advanced piston corer, X = extended core barrel (XCB), R = rotary core barrel, numeric core type = drilled interval. APCT-3 = advanced piston corer tempera-
ture tool, WOB = weight on bit. (Continued on next two pages.) Download table in CSV format.

Hole U1499A
Latitude: 18°24.5698'N
Longitude: 115°51.5881'E
Time on hole (d): 7.2
Seafloor (drill pipe measurement below rig floor, m DRF): 3771
Distance between rig floor and sea level (m): 10.8
Water depth (drill pipe measurement from sea level, mbsl): 3760.2
Total penetration (drilling depth below seafloor, m DSF): 659.2
Total depth (drill pipe measurement from rig floor, m DRF): 4430.2
Total length of cored section (m): 659.2
Total core recovered (m): 417.05
Core recovery (%): 63
Drilled interval (m): NA
Total number of cores: 71

IODP Proceedings

Hole U1499B
Latitude: 18°24.5705’'N
Longitude: 115°51.5990'E
Time on hole (d): 149
Seafloor (drill pipe measurement below rig floor, m DRF): 3769
Distance between rig floor and sea level (m): 10.9
Water depth (drill pipe measurement from sea level, mbsl): 3758.1
Total penetration (drilling depth below seafloor, m DSF): 4850.8
Total depth (drill pipe measurement from rig floor, m DRF): 1081.8
Total length of cored section (m): 426.8
Total core recovered (m): 150.64
Core recovery (%): 35
Drilled interval (m): 4t
Total number of cores: 44
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Table T1 (continued). (Continued on next page.)

Site U1499

Topof Bottomof Interval Core Curated Time on Time on deck Time to Mud
interval  interval advanced recovered length  Recovery deck UTC (ship local time;  cutcore  pumped
Core Type DSF(m)  DSF(m) (m) length (m) (m) (%) (h) UTC+8h) (min) (bbl) Driller’s notes
367-U1499A-
1 H 0.0 75 7.5 7.50 7.50 100 2/15/2017 01:50  2/15/2017 09:50
2 H 7.5 17.0 9.5 9.88 9.88 104 2/15/2017 02:55  2/15/2017 10:55 5
3 H 17.0 26.5 9.5 9.89 9.89 104 2/15/2017 04:05 2/15/2017 12:05 5
4 H 26.5 36.0 9.5 9.91 9.91 104 2/15/2017 05:20  2/15/2017 13:20 5 APCT-3
5 H 36.0 455 9.5 9.70 9.70 102 2/15/2017 07:20  2/15/2017 15:20 5
6 H 45.5 55.0 9.5 10.14 10.14 107 2/15/2017 09:20  2/15/2017 17:20 5 APCT-3
7 H 55.0 64.5 9.5 10.15 10.15 107 2/15/201710:25  2/15/2017 18:25 5
8 H 64.5 74.0 9.5 9.99 9.99 105 2/15/2017 11:50  2/15/2017 19:50 5 APCT-3
9 H 74.0 83.5 9.5 9.52 9.52 100 2/15/2017 13:00  2/15/2017 21:00 5
10 H 83.5 93.0 9.5 9.93 9.93 105 2/15/2017 1420 2/15/2017 22:20 5 APCT-3
1 H 93.0 102.5 9.5 10.14 10.14 107 2/15/2017 15:30  2/15/2017 23:30 5
12 H 102.5 112.0 9.5 10.11 10.11 106 2/15/201717:00  2/16/2017 01:00 5 APCT-3
13 H 1120 1215 9.5 9.33 9.33 98 2/15/2017 18:00 2/16/2017 02:00 5
14 H 121.5 131.0 9.5 9.74 9.74 103 2/15/2017 19:15  2/16/2017 03:15 5 APCT-3
15 H 131.0 138.8 7.8 7.85 7.85 101 2/15/2017 20:15  2/16/2017 04:15 5
16 H 138.8 148.3 9.5 9.53 9.53 100 2/15/2017 21:40  2/16/2017 05:40 5
17 H 1483 156.5 8.2 8.28 8.28 101 2/15/2017 22:55  2/16/2017 06:55 5
18 H 156.5 162.4 5.9 5.92 5.92 100 2/16/2017 00:15  2/16/2017 08:15 5
19 X 162.4 1721 9.7 8.58 858 88 2/16/2017 02:00 2/16/2017 10:00 15
20 X 1721 181.8 9.7 9.65 9.65 99 2/16/2017 03:05  2/16/2017 11:05 15
21 X 181.8 1915 9.7 8.36 8.36 86 2/16/2017 04:20  2/16/2017 12:20 15
22 X 191.5 201.2 9.7 9.61 9.61 29 2/16/2017 05:30  2/16/2017 13:30 15
23 X 201.2 210.9 9.7 9.79 9.79 101 2/16/2017 06:35  2/16/2017 14:35 15
24 X 2109 220.6 9.7 9.87 9.87 102 2/16/2017 07:40  2/16/2017 15:40 15
25 X 220.6 230.3 9.7 0.02 0.02 0 2/16/2017 08:45  2/16/2017 16:45 15
26 X 230.3 240.0 9.7 9.89 9.89 102 2/16/2017 09:55  2/16/2017 17:55 15
27 X 240.0 249.7 9.7 9.82 9.82 101 2/16/2017 11:55  2/16/2017 19:55 15 Sheared overshot
28 X 249.7 259.4 9.7 9.58 9.58 99 2/16/2017 13:15  2/16/2017 21:15 15
29 X 2594 269.1 9.7 9.75 9.75 101 2/16/2017 14:35  2/16/2017 22:35 20
30 X 269.1 278.8 9.7 9.86 9.86 102 2/16/2017 15:45  2/16/2017 23:45 20
31 X 278.8 288.5 9.7 9.88 9.88 102 2/16/2017 17:05 2/17/2017 01:05 25
32 X 288.5 298.2 9.7 9.85 9.85 102 2/16/2017 18:25  2/17/2017 02:25 25
33 X 298.2 307.9 9.7 8.69 8.69 920 2/16/2017 19:45  2/17/2017 03:45 30
34 X 307.9 317.6 9.7 9.55 9.55 98 2/16/2017 21:00  2/17/2017 05:00 25
35 X 317.6 3273 9.7 9.79 9.79 101 2/16/2017 22:10  2/17/2017 06:10 25
36 X 3273 337.0 9.7 6.45 6.45 66 2/16/2017 23:15  2/17/2017 07:15 15 Drilling break last 2 m
37 X 337.0 346.7 9.7 0.06 0.06 1 2/17/2017 00:10  2/17/2017 08:10 5 30 Drilling break
38 X 346.7 356.4 9.7 0.05 0.10 1 2/17/2017 01:55  2/17/2017 09:55 15 30 Firmed up at 349 m
39 X 356.4 366.1 9.7 1.19 1.19 12 2/17/2017 02:50  2/17/2017 10:50 10 Drilling break at 359 m
40 X 366.1 375.8 9.7 0.00 0.00 0 2/17/2017 03:50  2/17/2017 11:50 10
41 X 3758 385.5 9.7 0.00 0.00 0 2/17/2017 06:45  2/17/2017 14:45 5 30 Could not maintain WOB; formation
unstable
42 X 385.5 395.2 9.7 0.00 0.00 0 2/17/2017 08:45  2/17/2017 16:45 5 Drilling break sands; could not
maintain WOB
43 X 395.2 404.9 9.7 0.07 0.07 1 2/17/2017 10:45  2/17/2017 18:45 10
4 X 404.9 414.6 9.7 9.20 9.20 95 2/17/201713:15  2/17/2017 21:15 10 30
45 X 414.6 4243 9.7 9.90 9.90 102 2/17/2017 15:220  2/17/2017 23:20 20
46 X 4243 434.0 9.7 9.83 9.83 101 2/17/201717:25  2/18/2017 01:25 30
47 X 434.0 443.7 9.7 9.86 9.86 102 2/17/201719:35  2/18/2017 03:35 30 30
48 X 443.7 453.4 9.7 9.96 9.96 103 2/17/2017 21:35  2/18/2017 05:35 30
49 X 4534 463.1 9.7 10.03 10.03 103 2/17/2017 23:40  2/18/2017 07:40 30
50 X 463.1 472.8 9.7 6.41 6.41 66 2/18/2017 01:30  2/18/2017 09:30 20 30 Drilling break at 468 m
51 X 472.8 482.5 9.7 0.00 0.00 0 2/18/2017 03:00 2/18/2017 11:00 5 Could not mainain WOB; drilling
break
52 X 482.5 492.2 9.7 0.00 0.00 0 2/18/2017 04:35  2/18/2017 12:35 5
53 X 492.2 501.9 9.7 0.00 0.00 0 2/18/2017 07:10  2/18/2017 15:10 10 80 No rotation
54 X 501.9 511.6 9.7 0.24 0.24 2 2/18/2017 08:50  2/18/2017 16:50 5 Could not maintain WOB; drilling
break 8 m
55 X 511.6 5213 9.7 0.00 0.00 0 2/18/2017 10:50  2/18/2017 18:50 5 30 Could not maintain WOB; drilling
break 8 m
56 X 5213 531.0 9.7 0.43 0.43 4 2/18/2017 12:50  2/18/2017 20:50 10
57 X 531.0 540.7 9.7 1.15 1.15 12 2/18/2017 15:20  2/18/2017 23:20 5 30 Could not maintain WOB; drilling
break
58 X 540.7 550.4 9.7 0.13 0.13 1 2/18/2017 17:00  2/19/2017 01:00 10 XCB shoe missing
59 X 550.4 560.1 9.7 0.15 0.15 2 2/18/201719:10  2/19/2017 03:10 20 30
60 X 560.1 569.8 9.7 1.20 1.20 12 2/18/2017 21:10  2/19/2017 05:10 30 XCB shoe missing
61 X 569.8 579.5 9.7 0.30 0.30 3 2/18/2017 23:50  2/19/2017 07:50 30 30
62 X 579.5 589.2 9.7 0.13 0.13 1 2/19/2017 02:00  2/19/2017 10:00 25
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Table T1 (continued).

Topof Bottomof Interval Core Curated Time on Time on deck Time to Mud
interval  interval advanced recovered length  Recovery deck UTC (ship local time;  cutcore  pumped
Core Type DSF(m)  DSF(m) (m) length (m) (m) (%) (h) UTC+8h) (min) (bbl) Driller’s notes
63 X 589.2 598.9 9.7 0.00 0.00 0 2/19/2017 03:50  2/19/2017 11:50 20 30
64 X 598.9 608.6 9.7 1.86 1.86 19 2/19/2017 05:45  2/19/2017 13:45 15 Drilling break at 605-607 m
65 X 608.6 6183 9.7 0.39 0.39 4 2/19/2017 07:55  2/19/2017 15:55 25 30 Destroyed XCB shoe, spacer sub
66 X 618.3 628.0 9.7 9.84 9.84 101 2/19/2017 10:30  2/19/2017 18:30 45
67 X 628.0 637.7 9.7 6.37 6.37 66 2/19/2017 12:50  2/19/2017 20:50 20 30
68 X 637.7 647.4 9.7 0.00 0.00 0 2/20/2017 15:20  2/20/2017 23:20 5 555 Could not maintain WOB; drawworks
repair took 24.5 h
69 X 647.4 650.2 2.8 1.16 1.16 41 2/20/2017 17:40  2/21/2017 01:40 40
70 X 650.2 651.2 1.0 0.38 0.38 38 2/20/2017 20:10  2/21/2017 04:10 35
71 X 651.2 659.2 8.0 0.26 0.26 3 2/20/2017 22:50  2/21/2017 06:50 50 70
Hole U1499 totals:  659.20 417.05 417.10 63
367-U14998B-
1 1 651.0% 655.0 4.0 ***¢¢Drilled interval ***** 2/24/2017 15:00  2/24/2017 23:00 Drilled in 651 m of 10.75 inch casing
2 R 655.0 664.7 9.7 4.81 4.81 50 2/26/2017 12:10  2/26/2017 20:10 50 30
3 R 664.7 674.4 9.7 4.16 416 43 2/26/2017 14:30  2/26/2017 22:30 30 Penetration changed last 1.5 m
4 R 674.4 684.1 9.7 0.15 0.15 2 2/26/2017 16:20  2/27/2017 00:20 5 Fast penetration, 9 m; sands?
5 R 684.1 693.8 9.7 0.05 0.05 0.50 2/26/2017 18:10  2/27/2017 02:10 10 30 Formation firmed up last 2 m
6 R 693.8 703.5 9.7 0.02 0.02 0.20 2/26/2017 19:50  2/27/2017 03:50 10 Ratty formation
7 R 703.5 713.2 9.7 0.02 0.02 0.20 2/26/2017 21:35  2/27/2017 05:35 5 Fast penetration
8 R 713.2 7229 9.7 0.08 0.08 0.80 2/26/2017 23:30  2/27/2017 07:30 10 30
9 R 7229 732.6 9.7 4.77 4.77 49 2/27/2017 01:20  2/27/2017 09:20 25 Formation firmed up at 727.6 m
10 R 732.6 7423 9.7 3.07 3.07 32 2/27/2017 03:10  2/27/2017 11:10 25 Drilling break, last 3 m
11 R 7423 752.0 9.7 0.08 0.08 0.80 2/27/2017 05:05 2/27/2017 13:05 5 30 Drilling break, 9 m; sands
12 R 752.0 761.7 9.7 1.95 1.95 20 2/27/2017 07:10  2/27/2017 15:10 10 Drilling break, first 7.7 m; firmed up
last2m
13 R 761.7 7714 9.7 8.84 8.84 91 2/27/2017 09:35  2/27/2017 17:35 50 30
14 R 7714 781.1 9.7 6.38 6.38 66 2/27/2017 12:05 2/27/2017 20:05 45
15 R 781.1 790.8 9.7 7.06 7.06 73 2/27/2017 14:40  2/27/2017 22:40 40 30
16 R 790.8 800.5 9.7 9.41 9.41 97 2/27/2017 17:00 2/28/2017 01:00 45
17 R 800.5 810.2 9.7 853 8.53 88 2/27/2017 19:00  2/28/2017 03:00 30
18 R 810.2 819.9 9.7 7.27 7.27 75 2/27/2017 20:55  2/28/2017 04:55 30 30
19 R 819.9 829.6 9.7 267 2.67 28 2/27/2017 22:40  2/28/2017 06:40 20 Drilling break at 825 m
20 R 829.6 839.3 9.7 3.09 3.09 32 2/28/2017 00:30  2/28/2017 08:30 20 Formation firmed up at 834 m
21 R 839.3 849.0 9.7 393 3.93 41 2/28/2017 03:00  2/28/2017 11:00 60 30
22 R 849.0 858.7 9.7 6.75 6.75 70 2/28/2017 05:20  2/28/2017 13:20 40
23 R 858.7 868.4 9.7 8.76 8.76 90 2/28/2017 07:45  2/28/2017 15:45 40
24 R 868.4 878.1 9.7 10.09 10.09 104 2/28/2017 10:20  2/28/2017 18:20 40
25 R 878.1 887.8 9.7 4.09 4.09 42 2/28/2017 13:05  2/28/2017 21:05 45 30
26 R 887.8 897.5 9.7 7.74 7.74 80 2/28/2017 15:35  2/28/2017 23:35 50
27 R 897.5 907.2 9.7 3.99 3.99 41 2/28/2017 22:00  3/1/2017 06:00 205 Firm formation at 898 m; stuck core
barrel; sheared overshot
28 R 907.2 916.9 9.7 6.24 6.24 64 3/1/2017 02:00 3/1/2017 10:00 130
29 R 916.9 926.6 9.7 6.20 6.20 64 3/1/2017 05:35 3/1/2017 13:35 120 30
30 R 926.6 936.3 9.7 7.7 7.7 74 3/1/2017 08:50 3/1/2017 16:50 45 30 Formation change from 931 to 936 m;
high torque
31 R 936.3 946.0 9.7 0.36 0.42 4 3/1/2017 15:25 3/1/2017 23:25 130 20 Work tight hole from 931 to 939 m;
high torque
32 R 946.0 955.7 9.7 0.79 0.92 8 3/1/2017 21:10 3/2/2017 05:10 190 30
33 R 955.7 965.4 9.7 1.50 1.74 15 3/2/2017 01:50 3/2/2017 09:50 165 Pipe stuck
34 R 965.4 975.1 9.7 1.50 222 15 3/2/2017 05:50 3/2/2017 13:50 115
35 R 975.1 984.8 9.7 1.26 1.87 13 3/2/2017 10:50 3/2/2017 18:50 155 30
36 R 984.8 994.5 9.7 1.00 1.12 10 3/2/2017 15:40 3/2/2017 23:40 145 30
37 R 994.5 1004.2 9.7 1.00 1.21 10 3/2/2017 20:25 3/3/2017 04:25 165 30
38 R 1004.2 1013.9 9.7 1.25 1.50 13 3/3/2017 00:35 3/3/2017 08:35 135 70 Plugged bit jet nozzle
Bit change
39 R 1013.9 1023.6 9.7 0.80 0.88 8 3/4/2017 22:15 3/5/2017 06:15 190 30
40 R 1023.6 1033.3 9.7 0.84 0.82 9 3/5/2017 02:00 3/5/2017 10:00 120 30
41 R 10333 1043.0 9.7 1.10 1.07 11 3/5/2017 05:35 3/5/2017 13:35 100 30
42 R 1043.0 1052.7 9.7 0.85 0.88 9 3/5/2017 09:55 3/5/2017 17:55 140 30
43 R 1052.7 1062.4 9.7 0.48 0.54 5 3/5/2017 13:45 3/5/2017 21:45 110 30
44 R 1062.4 1072.1 9.7 0.45 0.50 5 3/5/2017 17:00 3/6/2017 01:00 65 60
45 R 10721 1081.8 9.7 0.09 0.09 0.90 3/6/2017 03:50 3/6/2017 11:50 100 100 High pressure and torque; pipe stuck
Hole U1499B totals:  426.80 150.64 153.15 35
On 11 February, the scientists were introduced to drilling/cor- the first fire and boat safety drill. In the afternoon, the scientists
ing/logging operations, our shipboard Educator and Journalist gave shared their individual research interests for the expedition with
an overview of their plans for the expedition, and the Captain held each other. Loading of essential hardware continued throughout the
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day, and by the end of the day all casing had been secured in the
riser hold. All that remained of port call activities was to load five
flats of drill pipe and final securing of cargo prior to departure.

We finished loading all remaining operations hardware on 12
February, including 288 joints of drill pipe. We also spooled new
coring line onto the forward coring winch, offloaded trash prior to
sailing, secured all cargo and equipment for heading out to sea, and
made necessary arrangements with port authorities for departing
the next day.

At 1000 h on 13 February, immigration authorities boarded the
ship and cleared the vessel for departure. The harbor pilot arrived
on board just before noon, and the last line was released at 1215 h
on 13 February. We proceeded to the pilot station, and after a 7 nmi
transit the pilot disembarked at 1248 h. Our 277 nmi transit to Site
U1499 took 28.0 h with an average speed of 9.8 kt.

Hole U1499A

After arriving at Site U1499 at 1615 h on 14 February 2017, we
lowered the thrusters, deployed a seafloor beacon, assembled two
extra stands for RCB coring later in the expedition, put together the
APC/XCB bottom-hole assembly (BHA), and lowered it to 3749.4
m below rig floor (mbrf) in preparation for coring. As each piece of
the drill string was assembled, its length was measured and its inte-
rior was verified to be unobstructed. The top drive was picked up,
the entire string was spaced out to place in preparation for starting
coring, and a wiper pig was pumped through the drill string to clean
rust and debris from the inside of the drill string. The calculated
precision depth recorder (PDR) depth for the seafloor at Hole
U1499A was 3774.4 mbrf; we chose to place the bit at 3769 mbrf to
take the first core. An APC core barrel was lowered to the bit, and
coring in Hole U1499A started at 0930 h on 15 February. Based on a
mudline core recovery of 7.5 m, we calculated the seafloor to be at
3771.0 mbrf (3760.2 m below sea level [mbsl]). APC Cores 367-
U1499A-1H through 18H penetrated to 162.4 m and recovered
167.51 m (103%). All APC cores used nonmagnetic core barrels and
were orientated. Formation temperature measurements with the
advanced piston corer temperature tool (APCT-3) were made while
taking Cores 4H, 6H, 8H, 10H, 12H, and 14H.

APC Cores 12H through 18H (102.5-162.4 m) encountered in-
creasingly firm formation, and the core barrel did not fully pene-
trate the formation for many of them. Because of our primary
expedition objectives, we switched to XCB coring instead of first us-
ing the half-length APC (HLAPC) system, which would have taken
twice as long to penetrate the formation.

XCB Cores 19X through 57X penetrated from 162.4 to 540.7 m
and recovered 227.37 m (60%). XCB core recovery was highly bi-
modal. We had quite high core recovery in the fine-grained inter-
vals (Cores 19X through 36X from 162.4 to 337.0 m with 158.99 m
recovered [91%] and Cores 44X through 50X from 404.9 to 472.8 m
with 65.19 m recovered [96%]). We had very fast penetration rates
and extremely low recovery in unconsolidated sands (Cores 37X
through 43X from 337.0 to 404.9 m with 1.37 m recovered [2%] and
Cores 51X through 57X from 472.8 to 540.7 m with 1.82 m recov-
ered [3%]). One exception was Core 25X, which came back with
only 2 cm of core, but the core liner appeared to have had sediment
in it, so we inferred that the sediment was fine grained and that it
fell out of the core barrel while it was being retrieved.

Once we encountered unconsolidated sand, we started circulat-
ing mud sweeps (30 bbl at 337.0, 346.7, 375.8, 404.9, 443.7, 472.8,
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492.2, 511.6, and 531.0 m). While making a connection at 492.2 m,
the drill string became stuck and could not be rotated. We circu-
lated an additional 50 bbl of mud, were able to regain rotation, and
resumed XCB coring in Hole U1499A. Cores 58X through 67X pen-
etrated from 540.7 to 637.7 m (20.37 m recovered; 21%). For the first
eight cores (58X through 65X), the bit penetrated very quickly
through 77.6 m and recovered only 4.16 m (5%), so we inferred that
the sediment is predominantly unconsolidated sand. Core 66X had
slower penetration and 100% recovery in the finer grained forma-
tion. However, the penetration rate increased again in Core 67X, in-
dicating that we had encountered sand again. The last core on 19
February (Core 68X) also cut very quickly and had almost arrived
back on the rig floor (~100 mbrf) when the low-clutch diaphragm
in the drawworks failed at 2245 h; we could not raise the drill string.
We secured the drill string and circulated, rotated, and pumped a
mud sweep every hour to keep the drill string from getting stuck
while repairing the ruptured diaphragm. After the 24.5 h it took to
repair the drawworks, we were finally able to open the drill string
and get Core 68X out of it at 2320 h on 20 February. We had sus-
pected it would be empty because it cored very quickly through in-
ferred sand, but it also had been sitting in the drill string for a full
day. Although coring recovery was quite variable, we were very
close to XCB coring refusal, and the finer grained formation we did
recover was getting quite hard, we wanted to penetrate a few more
cores to verify an appropriate formation to set the base of the casing
to be deployed in our next hole (firm formation, not sand).

Cores 69X through 71X penetrated quite slowly from 647.4 to
659.2 m and recovered 1.8 m of hard sedimentary rock; we decided
this was an appropriate interval for the base of the casing. The
driller then circulated the entire hole with mud to minimize risks of
hole problems as we pulled the drill string out of the hole. We
started pulling the drill string out of Hole U1499A at 0815 h on 21
February. We kept the top drive installed until the bit was at 299 m,
above the uppermost interval of unconsolidated sand. The bit
cleared the seafloor at 1230 h on 21 February and arrived on the rig
floor at 2015 h, ending Hole U1499A. APC/XCB coring in Hole
U1499A penetrated 659.2 m. As mentioned above, core recovery
was highly variable (formation dependent), and core recovery to-
taled 417.05 m (63%). We suspect that unconsolidated sand ac-
counted for the poor recovery. The overall drilling, coring, and
formation information from Hole U1499A was used for planning
the casing installation for the second hole to achieve our deep-cor-
ing and logging objectives.

Hole U1499B

We offset the ship 20 m east of Hole U1499A and conducted re-
quired routine rig servicing (drill line slip and cut). At 2345 h on 21
February 2017, we started preparing the rig floor for assembling the
reentry cone and 651 m long casing to be drilled into the seafloor in
Hole U1499B.

We spent all of 22 February and the first part of 23 February as-
sembling the 10.75 inch casing and the drill string we would use to
drill it into the seafloor. This included

» Moving the mud skirt over the moonpool;

« Assembling 651 m of 10.75 inch casing, lowering it through, and
latching it into the mud skirt; and

» Assembling a 9.875 inch tricone bit, underreamer set to 12.75
inches, and mud motor and lowering them through the casing
hung off in the moonpool.
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At 0430 h on 23 February, we finished putting together the final
parts of the drilling assembly. This included attaching the upper
part of the casing running tool (which contains the hydraulic release
tool [HRT]) and attaching the reentry funnel. We started lowering
the entire 651 m long casing string and drilling assembly to the sea-
floor and deployed the camera system at 1115 h on 23 February to
monitor the reentry funnel while the casing was being drilled into
the seafloor. When the pilot bit that extends 2.71 m below the cas-
ing shoe was just above the seafloor, the drillers measured the pres-
sures at various pump rates to get information to compare to
measurements when we would start penetrating the formation.
Drilling in Hole U1499B started at 1535 h on 23 February. While
drilling the casing into the seafloor, we circulated 25 bbl mud
sweeps at 152.6, 327.8, 356.98, 493.1, and 619.8 m. We continued to
drill the casing into the seafloor until the mud skirt landed on the
seafloor.

We deployed the go-devil to activate the casing running tool,
which released the casing at 2300 h on 24 February. We retrieved
the entire drilling assembly, with the bit clearing the seafloor at
0230 h on 25 February, and the bit arrived back on the rig floor at
1230 h on 25 February. After taking apart the drilling assembly and
flushing the mud motor, underreamer, and bit with freshwater, we
began preparing the rig floor for RCB coring. We started assem-
bling the RCB BHA at 1430 h on 25 February, and the rest of the day
was spent lowering it to the seafloor. At 2230 h on 25 February, the
subsea camera was deployed. Once the RCB bit and camera reached
the seafloor, we started searching for the Hole U1499B reentry fun-
nel at 0215 h on 26 February. After we were unable to find it rela-
tively quickly (as is usual), we initiated an expanding 5 m grid
search. After just over 6 h, we eventually found the reentry funnel
cone. It was clearly visible inside a small crater of sediment located
about half-way (~10 m) back toward and a little south of Hole
U1499A to the west. Also, the top of the reentry funnel appeared to
be close to level with the top of the cuttings pile. After only 10 min
of maneuvering, we reentered Hole U1499B at 0825 h on 26 Febru-
ary, started lowering the RCB bit down through the casing, and re-
covered the camera system. As the bit was being lowered, it
encountered sediment inside the casing at 571 m, 80 m above the
casing shoe. This sediment was assumed to be sand that entered the
casing as the drilling stinger assembly (with pilot bit, underreamer,
and mud motor), used to drill the casing in, was withdrawn from the
casing. We picked up the top drive, deployed a core barrel at 1230 h,
and washed back to the bottom of the hole at 655 m (4 m below the
base of the casing). We circulated 30 bbl of mud, retrieved the core
barrel (empty), and started RCB coring in Hole U1499B at 2230 h on
26 February.

On 27 February, RCB coring in Hole U1499B penetrated from
655.0 to 790.8 m with an overall recovery of 41.44 m (Cores 367-
U1499B-2R through 15R; 31%). However, recovery continued to be
highly variable and formation dependent. In fine-grained intervals,
we had higher recovery (53%) and steady, relatively slow penetration
rates (Cores 2R through 3R from 655.0 to 674.4 m, Cores 9R
through 10R from 722.9 to 742.3 m, and Cores 13R through 15R
from 752.0 to 790.8 m). In other intervals, inferred to consist of
loosely consolidated coarse-grained sand, we had very low recovery
(0.7%) and very quick penetration rates. The drillers noted these in-
tervals at 672.9-727.6 and 739.3—-759.7 m, which correspond mostly
with Cores 4R through 8R (674.4-722.0 m) and 11R (742.3-752.0
m). We circulated 30 bbl mud sweeps at 684.1, 713.2, 742.3, 761.7,
and 781.1 m. At first light on 27 February, a boat (M/V Taikoo) with
critical spares for the drawworks clutch arrived on site, and the
transfer was completed.
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We continued RCB coring from 790.8 to 897.5 m (Cores 16R
through 26R; 72.33 m recovered; 68%) and circulated 30 bbl mud
sweeps at 810.2, 839.3, and 878.1 m. Each of these cores (16R
through 26R) took from 20 to 60 min to cut. Another fast-drilling
zone from 825.0 to 834.0 m was also noted by the drillers. After
Core 26R, however, we encountered a substantial formation when
Core 27R took over 2 h (205 min) to cut. RCB Cores 27R through
29R continued in very hard formation. These cores took 120-205
min to cut, penetrated 29.1 m from 897.5 to 926.6 m, and recovered
16.43 m (56%). However, Core 30R took only 45 min to cut (as op-
posed to 205, 130, and 120 min for the cores just above). In addition,
when the bit was being raised off bottom to recover the core, the
drill string became stuck momentarily, so we circulated 30 bbl of
mud, and hole conditions improved. The penetration time for Core
31R went back up (130 min), but the drill string became temporarily
stuck again. This time we circulated 90 bbl of mud and were able to
continue coring.

RCB Cores 31R through 38R penetrated 77.6 m from 936.3 to
1013.9 m and recovered 8.66 m (11%). It took from 2 to >3 h to cut
each core. The drill string became stuck momentarily while cutting
Core 33R. We circulated 30 bbl of mud after cutting Cores 32R and
35R through 37R.

Because we decided to stop coring to change the RCB bit to core
deeper and the bit had accumulated 40.6 rotating hours, we circu-
lated the cuttings out of the hole with 70 bbl of mud after Core 38R.
Before pulling the bit up into the casing and out of the hole, we first
raised the bit up to 780 m, circulated the hole with 35 bbl of mud,
and then filled the uncased (open) part of the hole with 235 bbl of
heavy mud (11.0 Ib/gal; barite). This process was intended to help
stabilize the hole while we changed the bit and to reduce the
amount of fill we might encounter when we reentered the hole to
resume RCB coring. It was also expected to give us some indication
of the hole conditions we might encounter for planned downhole
logging after coring had finished. Because we had some challenges
locating the hole the first time we reentered, we lowered the subsea
camera system to observe the reentry funnel as we pulled the bit out
of the hole. While we were still in the hole, we could see the drill
pipe clearly in the center of the crater created by the cuttings
mound. Although the reentry funnel’s concentric black and white
stripes were not visible, we didn’t anticipate problems finding and
reentering the hole. The bit was pulled out of the hole at 1655 h on
3 March, and we spent the rest of the day recovering the drill string
(except for a 0.5 h repair of the pipe racker).

We finished recovering the drill string at 0215 h on 4 March, at-
tached a new RCB bit (C-7), lowered it to the seafloor, and then de-
ployed the subsea camera system at 0915 h. We paused rig floor
operations from 0915 to 1045 h to conduct required routine rig ser-
vicing (drill line slip and cut) before we resumed lowering the drill
bit to the seafloor. At 1345 h on 4 March, the bit and camera were in
position, and we were able to immediately see the reentry funnel in
the center of the cuttings pile caldera. It took us 22 min to position
the bit over the funnel and reenter Hole U1499B at 1407 h on 4
March. We retrieved the camera and lowered the bit down through
the 651 m of casing to 848.1 m in the open hole. We installed the top
drive and circulated/rotated to 987 m, only ~27 m from the bottom
of the hole, before the bit encountered any resistance. This resis-
tance was easily penetrated, and we only encountered 1 m of fill on
the bottom of the hole. At the end of the day, we pumped 40 bbl of
mud to clear cuttings from the hole and retrieved the core barrel
that was in place while getting back to the bottom of the hole. We
resumed RCB coring from 1013.9 m at 0115 h on 5 March. Cores
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39R through 43R penetrated from 1013.9 to 1062.4 m and recovered
4.1 m (4%). We pumped 30 bbl of mud after each of these cores.

At 0100 h on 6 March, Core 44R arrived on the rig floor
(1062.4-1072.1 m; 0.45 m recovered; 5%), and we dropped the next
core barrel to start cutting Core 45R. While this core was being cut,
there were periods of erratic torque and high pump pressure, as well
as some short times when the drill string could not be rotated. The
driller raised and lowered the drill string and was able to keep cor-
ing. Just after we put the core line into the drill string to retrieve
Core 45R, the pipe became stuck. For ~45 min, we worked the drill
string until it was freed at 0615 h on 6 March. We then removed the
core line from the drill string. We raised the bit back up to 994 m
and worked to clean out the hole. Eventually at 1045 h, conditions
had improved enough that we retrieved Core 45R at 1150 h
(1072.1-1081.8 m; 0.09 m recovered; 0.9%). We spent the next 9 h
attempting to wash, ream, drill, and circulate our way back to bot-
tom. However, we never were able to get below ~1053 m (~30 m
above the bottom of the hole) without the drill string getting stuck.
At 2045 h on 6 March, we decided that further attempts to get back
to the bottom of the hole and core deeper were not reasonable, so
we started to prepare the hole for wireline logging. We circulated 50
bbl of mud to clean cuttings out of the hole, retrieved the core
(wash) barrel that was in place during the hole remediation efforts,
and lowered the rotary shifting tool on the coring line to release the
bit in the hole.

After the bit was released in the bottom of the hole at 0000 h on
7 March, we raised the end of the pipe from 1052.7 to 877.3 m and
shifted the mechanical bit release sleeve back into the circulating
position. We then raised the end of the pipe to 780 m and pumped
235 bbl of heavy mud into the hole to help maintain good hole con-
ditions for logging. By 1030 h on 7 March, we had raised the end of
pipe back inside the casing to 85.1 m and started to prepare the rig
floor for logging. Our first logging tool string consisted of the resis-
tivity, velocity, density, and NGR tools. We started lowering it at
1345 h on 7 March. The tool string was able to reach 1020 m, and
we successfully logged from that depth up to the base of the casing
at 651 m. Log data were also collected up the casing and drill pipe to
the seafloor. The tool string arrived back at the rig floor at 2215 h on
7 March. Based on the first logging run results, we decided to con-
duct a second logging run with the FMS and NGR tools.

We assembled the FMS and NGR tools and started lowering
them at 0130 h on 8 March. The tool string was able to reach 1010
m, and we were able to make two passes of the open hole up to the
base of the casing at 651 m. Initial results showed that we collected
some excellent data in intervals with good borehole diameter. The
tool string arrived back on the rig floor at 0925 h, and all of the log-
ging equipment was off the rig floor at 1030 h on 8 March. We
pulled the end of the drill string out of Hole U1499B at 1120 h, re-
covered the seafloor beacon, and started the transit to Site U1500 in
dynamic positioning mode just before 1300 h on 8 March. While in
transit, we continued to recover the drill string (arrived back on the
rig floor at 1830 h on 8 March) and assembled a new RCB bit and
started lowering it to the seafloor. We spent a total of 22.1 days at
Site U1499.

Lithostratigraphy

We defined nine lithostratigraphic units at Site U1499 based on
visual core description, smear slide and thin section inspection,
physical property measurements (e.g., magnetic susceptibility and
color spectra), geochemistry data, and X-ray diffraction (XRD) (see
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Lithostratigraphy and Physical properties in the Expedition
367/368 methods chapter [Sun et al., 2018]). We constructed a com-
posite lithostratigraphy by combining data from Holes U1499A and
U1499B (Figure F8). The lithostratigraphy for all of Site U1499 is
divided into three dominant lithologic sections. The dominant
lithologies in the upper part of the stratigraphy (Units I-VII) are
composed of clay, clayey silt, silty sand, claystone, sandstone, and
calcareous ooze with minor intervals of volcanic ash. The second
dominant lithologic section consists of dark brown to reddish
brown claystone in Unit VIII. The lower part of the stratigraphy
(Unit IX) marks the third main lithologic section and contains grav-
elly sandstone, matrix supported breccia, and gravel. The transition
from Unit VIII to Unit IX (the lowermost unit) is marked by a stark
change from manganese nodule—bearing reddish brown chalk to
matrix-supported breccia and gravel.

Unit I is composed of dark greenish gray bioclast-rich clay with
thin clayey silt and sand interbeds. Unit II contains interbedded
greenish gray clay-rich calcareous ooze and dark greenish gray nan-
nofossil-rich clay. Unit III contains dark greenish gray clay with very
thick (<1 cm) clayey silt interlaminations in the upper part (Subunit
IIIA) and thin (2-5 cm) clayey silt and nannofossil/foraminifer in-
terbeds in the lower part (Subunit IIIB). Unit IV is dominated by
dark greenish gray silty sand with clay interbeds. Recovery was very
low in this unit, but limited recovery in core catcher samples, fast
drilling penetration rates, and seismic reflection data suggest that
the unrecovered sections are primarily composed of loose sand.
Unit V is composed of dark greenish gray clay with thin (<5 cm)
clayey silt and foraminifer sand interbeds. Unit VI contains dark
greenish gray silty sand with clay interbeds but has limited recovery.
Similar to Unit IV, we infer that the low-recovery sections in Unit VI
are composed of loose sand. Unit VII is composed mainly of dark
greenish gray to dark gray sandstone and claystone with siltstone in-
terbeds. Lithification increases sharply downhole from the top of
this unit, although sections with very low recovery are assumed to
be primarily composed of nonlithified sand.

Unit VIII comprises two subunits. Subunit VIIIA contains dark
brown claystone with greenish gray to gray siltstone, calcareous-
rich claystone with silt, and foraminifer sandstone interbeds in the
upper part. Subunit VIIIB contains reddish brown to reddish gray
clay-rich nannofossil chalk. Unit IX comprises three subunits, pre-
dominately composed of polymict breccia and gravel. Subunit IXA
is defined by dark reddish brown to greenish gray sandstone and
breccia and Subunit IXB is defined by dark gray matrix-supported
breccia in Core 367-U1499B-30R. Subunit IXC contains gray to
dark gray gravel with silty sand intervals. The cores in Subunit IXC
are completely fragmented and recovered as pebbles and cobbles.
Unit boundaries are also recognized in magnetic susceptibility,
color reflectance spectroscopy, and bulk mineralogy compositions
(Figures F9, F10).

Unit descriptions
Unitl

Interval: 367-U1499A-1H-1, 0 cm, to 6H-3, 35 cm
Depth: 0-48.85 m
Age: middle-late Pleistocene

Unit I spans the uppermost 48.85 m and is dominated by a se-
quence comprising dark greenish gray bioclast-rich clay with thin
clayey silt and sand interbeds. The clay is generally massive and ho-
mogeneous, sometimes marked by faint color banding of more in-
tense green against the background of greenish gray. Most of the
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Figure F8. Lithostratigraphic summary of Site U1499 with simplified lithology and unit description of combined Holes U1499A and U1499B.

Lithostratigraphic unit description

Unit | (0-48.85 m)
Dark greenish gray bioclast-rich clay with thin clayey silt and
sand interbeds.

Unit Il (48.85-100.04 m)
Greenish gray clay-rich calcareous ooze and dark greenish gray
nannofossil-rich clay.

Unit lIA (100.04-181.80 m)
Dark greenish gray clay with very thick (<1 cm) clayey silt interlaminations.

Unit llIB (181.80-333.65 m)
Dark greenish gray clay with thin (2-5 cm) clayey silt and
nannofossil/foraminifer interbeds.
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Unit IV (333.65-404.90 m)
Dark greenish gray silty sand with clay interbeds.

Unit V (404.90-469.45 m)
Dark greenish gray clay with thin (<5 cm) clayey silt and
foraminifer sand interbeds. Clay sediments are heavily bioturbated.

Depth (m)

Unit VI (469.45-618.30 m)
Dark greenish gray silty sand with clay interbeds.

late Miocene

Unit VIl (618.30-761.70 m)
Dark greenish to dark gray sandstone and claystone with siltstone
interbeds.

Vil

Unit VIIIA (761.70-892.10 m)
Dark brown claystone with greenish gray to gray siltstone, calcareous-rich
claystone with silt, and foraminifer sandstone interbeds.
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Unit VIIIB (892.10-929.02 m)
Reddish brown to reddish gray clay-rich nannofossil chalk and
clay-rich chalk.
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Unit IXA (929.02-933.28 m)
Dark reddish brown to greenish gray sandstone with polymict clasts,
sandstone with angular pebbles, and matrix-supported breccia.

Unit IXB (933.28-933.35 m)
Dark gray matrix-supported breccia with polymict clasts.
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Unit IXC (933.35-1081.80 m)

Gray to dark gray gravel with silty sand intervals.
The cores are completely fragmented and
recovered as pebbles and cobbles.

[ Ooze/Chalk

clay intervals have heavy bioturbation. Some light-colored intervals
have higher biogenic content, mostly including foraminifer, nanno-
fossil, diatom, and radiolarian particles (Figure F11). A distinct oxi-
dized layer (dark yellowish brown) occurs in the top of this unit. The
silt and fine sand layers, varying from 2-5 to 15-20 c¢m in thickness,
occur as dark greenish gray interbeds within a finer grained primary
lithology. We interpret these graded, fining-upward cycles as distal
turbidite sequences. At the base of each coarse-grained bed is a
sharp erosive contact between the overlying silty and fine sand layer
and the underlying clay layer. Fine to medium sand layers can be oc-
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casionally as thick as 50-70 ¢cm in Cores 4H, 5H, and 6H. The ero-
sive base of a medium-grained sand interval in Section 6H-7 marks
the boundary between Units I and II.

Unit I has four thin volcanic ash layers (2-6 cm thick) that are
not present in any other unit. They occur in Cores 1H, 3H, 4H, and
5H. The ash layers are pale brown and comprise unaltered pumice
and ash shards (Figure F12B). This unit is characterized by rela-
tively low magnetic susceptibility (<40 x 10-> SI) but with several
abrupt peaks (>100 x 10-° SI) that correspond to the ash layers (Fig-
ures F9, F12A). However, the magnetic susceptibility data are not
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Figure F9. Correlation of lithostratigraphic units with magnetic susceptibility, reflectance spectroscopy, and carbonate content, Site U1499. Magnetic suscepti-
bility and reflectance spectroscopy are displayed with a 10-point running average.
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density-normalized, which can cause artificially low values in shal-
lower intervals because of low degrees of sediment compaction.
Bulk light reflectance (L*) slightly increases downhole, whereas b*
(blue) slightly decreases, suggesting gradually decreasing sediment
oxidation. The bulk mineralogy of this unit, measured by XRD, con-
sists mainly of quartz (31%—52%), plagioclase (9%-15%), muscovite
(11%-18%), kaolinite + chlorite (17%-30%), and halite (7%-24%)
(Figure F10). Mineralogy does not vary strongly with depth, except
in the uppermost sample, which has the highest halite concentra-
tion (24%) as a result of high seawater content (Table T2).

Unit I

Interval: 367-U1499A-6H-3, 35 cm, to 11H-5, 104 cm
Depth: 48.85-100.04 m
Age: early-middle Pleistocene

Unit IT is composed of alternating greenish gray clay-rich calcar-
eous ooze and dark greenish gray nannofossil-rich clay. The two
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colors usually form alternating bands with gradational contacts.
Sand-sized foraminifers and clay-sized nannofossils are common in
both calcareous ooze and clay intervals (Figure F13). Foraminifer
grains are observable on the core surface and are usually more
abundant in light greenish gray intervals. Very thin beds (<3 ¢cm
thick) of dark gray sandy silt occur occasionally in the nannofossil-
rich clay layers.

This unit has erosive upper and lower contacts (Figure F31A).
The dark greenish gray medium-grained sand of Unit I in Core 6H
overlies Unit II, and the dark greenish gray clay of Unit III in Core
11H underlies it. Intervals in Unit II, especially in Cores 6H, 8H,
10H, and 11H, exhibit synsedimentary deformation with distinct
folds, faults, and inclined bedding (Figures F14, F15). Based on the
erosive contacts and deformation structures, we interpret this unit
as a slump deposit. The age of foraminifers and nannofossils pre-
served in the ooze and clay layers are mainly Pliocene (see Biostra-
tigraphy), which is older than the underlying Pleistocene sediments
of Unit I, further supporting the slump deposit interpretation.
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Site U1499

Figure F10. Bulk mineralogy by XRD with major mineral compositions and correlation of calcite with carbonate content, Site U1499.
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Greenish gray clay-rich calcareous ooze layers (mainly in Core Subunit Il1A

7H) in Unit II exhibit very low magnetic susceptibility (~10 x 10-°
SI), high bulk reflectance, and low a* (red) (Figure F9). These layers
correlate to high carbonate content (30-45 wt%) and calcite abun-
dance (20%-48%) (Figure F10). Accordingly, quartz (15%-35%),
plagioclase (7%-11%), muscovite (8%—12%), and kaolinite + chlorite
(14%-22%) concentrations largely decrease through dilution by
high calcite content.

Unit Il

Interval: 367-U1499A-11H-5, 104 cm, to 36X-CC, 30 cm
Depth: 100.04-333.65 m
Age: middle Pleistocene—Pliocene

Unit III contains dark greenish gray clay with thick laminations,
very thin beds of clayey silt, and calcareous-rich intervals. This unit
is divided into two subunits based on relative thickness and recur-
rence of silt interbeds and abundance of calcareous-rich intervals.
Subunit IITA contains thick laminations of clayey silt (<1 cm),
whereas Subunit IIIB has abundant thin beds (2-5 c¢m) of clayey silt
and increased occurrence of nannofossil- or foraminifer-rich inter-
vals.

IODP Proceedings
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Interval: 367-U1499A-11H-5, 104 ¢cm, to 21X-1, 0 cm
Depth: 100.04-181.80 m
Age: early-middle Pleistocene

The dominant lithology of Subunit IIIA is greenish gray and
dark gray clay, with thick (<1 cm) clayey silt interlaminations. The
silt interlaminations generally occur every 20-50 cm and have ero-
sive bases (Figure F15). We interpret the recurring silt interbeds fin-
ing upward into clays as distal turbidites. At one interval in the
subunit (15H-3, 141-145 cm), the coarser interbed contains fora-
miniferal silty sand, but presence of other biogenic material is low in
the rest of the subunit. Correspondingly, no distinct bioturbation
was observed.

Color reflectance, magnetic susceptibility, and mineralogy re-
main fairly constant throughout Subunit IITA (Figures F9, F10). The
dominant mineralogical components are quartz (35%-40%) and ka-
olinite + chlorite (25%-30%), whereas calcite content is low (<8
wt%).

In Subunit IIIA, we transitioned from APC to XCB coring (at
162.4 m), which led to increased drilling disturbance starting at
Core 19X. Presence of drilling biscuits increased at Core 21X.
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Subunit IlIB

Interval: 367-U1499A-21X-1, 0 cm, to 36X-CC, 30 cm
Depth: 181.80-333.65 m
Age: early Pleistocene-Pliocene

Subunit IIIB is a thick interval of primarily dark greenish gray
clay with thin (2-5 cm) clayey silt and nannofossil/foraminifer-rich
interbeds. Although clay is the dominant grain size in both sub-
units, Subunit IIIB contains more calcareous bioclasts and biotur-

Figure F11. Dark greenish gray bioclast-rich clay of Unit I, consisting mainly
of silty terrigenous clay with mixed biogenic grains, including foraminifers,
nannofossils, radiolarians, and diatoms.

367-U1499A-2H-5,
70-100 cm

367-U1499A-2H-5, 85 cm

Site U1499

bation than Subunit IIIA (Figure F16). Similar to Subunit IIIA, the
coarser grained interbeds have erosive bases and fining-upward se-
quences, implying deposition by turbidity currents.

Magnetic susceptibility increases downhole from values near
45-50 x 107° SI at the top of the subunit to a peak interval of 120 x
10-% SI in Section 28X-6 (Figure F9). Values then decrease back to
the 40-50 x 1075 SI range at the bottom of the subunit. Carbonate
content also varies downhole, with concentration increasing from
<2 wt% in Section 21X-4 to 28 wt% in Section 36X-4. The steepest
increase of carbonate content occurs in Cores 30X through 36X.
Despite this change in composition, color reflectance data remain
mostly invariant throughout Subunit IIIB. XRD analysis of Subunit
IIIB shows similar mineralogy to Subunit IIIA (Figure F10). The
dominant components of the clays are quartz (32%—46%) and ka-
olinite + chlorite (23%-30%), both of which decrease slight