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Site U1450, Bengal Fan

Site summary

Site U1450 (proposed Site MBF-2A) occupies a central position
at 8°0.42'N and 87°40.25'E in the east—west transect across the Ben-
gal Fan at 8°N. It is located at equal distance from Site U1451 on the
flank of the Ninetyeast Ridge and Site U1455 on the flank of the
85°E Ridge. The overall thickness of the fan reaches ~4 km at this
location (Curray et al, 2003). Neogene sediment thickness de-
creases toward the two ridges, which is likely the result of ongoing
deformation on both ridges during the Neogene (Schwenk and
Spiess, 2009). At this central position of the transect, the upper
Miocene and Pliocene—Pleistocene sections of the fan appear to be
most expanded and are inferred to contain a higher resolution re-
cord, as well as accumulating, on average, coarser grained material.
The shallow section at this site is one of the seven ~200 m deep sec-
tions along the 8°N transect that constrain the Middle Bengal Fan
architecture in space, time, and sediment delivery rate during the
Pleistocene. The deeper section at this site will document the deliv-
ery mechanisms of the fan and the climatically and tectonically in-
fluenced sediment supply from the Himalaya during the Neogene.
Changes in the source regions in response to tectonic and climatic
evolution of the Himalaya are expected to be reflected in the sedi-
ment’s mineralogical and geochemical compositions, the geochro-
nological data, and in accumulation rates across the transect.

Principal results

Half-length advanced piston corer (HLAPC) coring combined
with 4.8 m advances by drilling without coring was essential to
achieve sufficient recovery in difficult lithologies with reasonable
drilling times to reach 812 meters below seafloor (mbsf). This ap-
proach proved to be particularly efficient in recovering loose sand
that otherwise would have been washed out during rotary core bar-
rel (RCB) or extended core barrel (XCB) coring. Because of remark-

ably low lithification of the sediment formation, this HLAPC
approach permitted piston coring to 550 mbsf, and seven HLAPC
cores were taken in even deeper intervals to a maximum depth of
688 mbsf.

As at other transect sites, the sedimentary succession is domi-
nated by turbidites of siliciclastic composition with detrital carbon-
ate contents between 5% and 10%. These turbidites have high
accumulation rates (~5-10 cm/ky) from the upper Miocene to
lower Pliocene. From the Pliocene to Pleistocene, turbidite accumu-
lation peaks around 20-25 cm/ky. These turbidites have close min-
eralogical and geochemical affinities with sand and silt sampled in
the Ganges, Brahmaputra, and lower Meghna Rivers. They carry all
the mineral characteristics and major element composition charac-
teristics of river sediments derived from high-grade metamorphic
rocks of the Himalayan range. Sand comprises ~40% of the section
cored at Site U1450; this composition is similar to the grain size
spectrum expected from river-derived detrital material, so bias due
to turbiditic transport may be minor. Downhole logging was not
possible at this site because of poor hole conditions, so it remains
difficult to estimate the exact proportion of sand, silt, and clay.
Overall, the mineralogical and chemical composition of the turbid-
ites appears almost uniform, but detrital carbonate content tends to
be gradually higher in sediment older than the Pliocene, reaching
concentrations twice as high as in modern rivers and Pleistocene
turbidites. This evolution suggests a change in eroded lithologies
(i-e., a higher proportion of Tethyan formations exposed to erosion
during the Miocene) and/or a change in weathering conditions.

Another distinctive, more carbonate-rich lithology is repre-
sented by about 10 relatively thin hemipelagic intervals composed
of calcareous clays. These intervals correspond to periods of slow
accumulation at the site when pelagic deposition is significant
enough to be identified but is still diluted in variable proportions by
a clay component. This clay is assumed to be related to the plumes
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generated by surrounding turbidity currents that originate from
canyons and the slope offshore Bangladesh. However, this affinity
remains to be determined by geochemical and clay mineralogical
approaches. These low-accumulation intervals will provide geo-
chronological control through a combination of paleomagnetic and
biostratigraphic ground-truth data and orbital tuning, which will be
essential for constraining detailed accumulation rates. Testing their
continuity across the transect will be a key element for the inte-
grated study of fan construction dynamics and long-term detrital
sedimentary input utilizing seismic correlation across the transect.

Site U1450 represents a reference section for shore-based stud-
ies of the erosion of the Himalaya during the Neogene. The detrital
sediments cored here present little evidence of a change over the
last 8 My, suggesting rather steady conditions of erosion in the Hi-
malayan basin. Such a change would require a major mountain
range undergoing fast erosion and a monsoonal climate that allows
rapid transport to inhibit weathering of the sediment in the flood-
plain. Unlike in the distal fan cored during Leg 116 (Cochran, Stow,
etal., 1989), Site U1450 sediments show no clear change in accumu-
lation rate, grain size, and clay mineralogy. This stability suggests
that the smectite-rich fine turbidites recorded in the distal fan from
7 to 1 Ma (Bouquillon et al., 1990) may relate more to a change in
the channel and turbidity current routing to the distal fan than to a
change in Himalayan erosion. Site U1450 also covers the interval of
expansion of C4 photosynthetic flora (i.e., savanna at the expense of
forest) recorded in both the continental basin and distal and middle
fan (Galy et al., 2010). Sediments recovered at Site U1450 will allow
detailed studies of this ecological transition and its possible connec-
tion with climate changes or erosion conditions.

Operations

Site U1450 consists of two holes. Hole U1450A was cored to
687.4 m drilling depth below seafloor (DSF) using primarily the
HLAPC system alternating with short (4.8 m) advances without
coring. The advanced piston corer (APC) and XCB systems were
used in the shallow and deepest portions of the hole, respectively.
Because of very low recovery at depth with the XCB system, we
pulled out and planned for deeper penetration coring and logging in
a second hole later in the expedition. Overall, 282.7 m of core was
recovered for the 444.7 m cored in Hole U1450A. Hole U1450B was
drilled without coring to 608.0 m DSF and then RCB cored continu-
ously to 811.9 m DSE. Coring in Holes U1450A and U1450B over-
laps from 608.0 to 677.8 m DSEF. This deeper section cored 203.9 m
and recovered 46.7 m of sediment (23%). Downhole logging was at-
tempted with the triple combo tool string. On the way down, the
bottom of the tool string encountered an obstruction at 133.7 m
DSF and was stuck, likely in a collapsing sand layer. After the tool
string was released, a short section of logging data was acquired,
and deep logging of the site was abandoned.

Lithostratigraphy

Recovered sediments from Site U1450 are divided into 24 litho-
stratigraphic units based on lithologic and paleontological charac-
teristics obtained through macroscopic and smear slide analyses
and on physical property measurements.

The overall dominant lithology for Site U1450 (84% of total re-
covered material) is siliciclastic and comprises fining-upward se-
quences of fine sand, silt, and clay (i.e., turbidites), as well as
homogenized sands and mixed silt-clay layers. These turbidites
carry major and trace mineral characteristics of Himalayan rivers
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and of high-grade metamorphic rocks of the Himalaya. Clay assem-
blages are dominated by illite, which is indicative of the same rivers.
Siliciclastic units alternate with at least 10 units of calcareous clay
(16% of total recovered material). The thickest continuous calcare-
ous clay intervals are in lithostratigraphic Unit III and consist of
5.14 m in Core 354-U1450A-34F and 4.8 m in Core 36F. Sediments
give way downhole in Hole U1450B to increasingly more lithified
material (e.g., limestone and claystone) from 627.50 m core depth
below seafloor (CSF-A) to the base of recovered material. Addition-
ally, Site U1450 contains three volcanic ash layers.

Lithologic differences between units and variations in grain size
and bed thickness reflect cycles of turbidity current activity and
channel abandonment. Sand intervals may represent interlevee
sheet flows, whereas finer grained fractions are more likely pre-
served in levee deposits. Bioturbated calcareous clays represent
times of local channel inactivity with reduced and finer siliciclastic
deposition that reflects a relative increase in the contribution of bio-
genic origin from the pelagic zone. Many intervals of calcareous
clay show repeated sequences of color-graded beds, which can be
attributed to increased entrainment of siliciclastic material, changes
in water column productivity, or changes in the oxidation/reduction
horizons of pore water. In Hole U1450B, intervals dominated by cal-
careous and/or clayey material become increasingly lithified with
depth, and many are intercalated with very thin to thin silt or silt-
stone layers. Plant fragments occur throughout the cored section,
more commonly in silt and siltstone intervals, although a few sand-
dominated units also contain macroscopic organic material. At the
top of Hole U1450A, an 18 cm thick ash layer presumably corre-
sponds to the ~75 ka Toba volcanic eruption that produced wide-
spread tephra deposits across the Bay of Bengal (e.g., Gasparotto et
al., 2000).

Biostratigraphy

Calcareous nannofossil and planktonic foraminiferal biostrati-
graphic analyses conducted on Site U1450 samples identified 18
biomarker events. These events were used to construct 4 foraminif-
eral and 11 nannofossil biozones, providing excellent age control ex-
tending back to the late Miocene. The recovery of a late Miocene
succession achieves one of the key objectives of this expedition and
includes sediments that may contain the C4 photosynthetic flora
expansion (Galy et al., 2010).

The succession of biostratigraphic zones at this site appears
continuous, as no significant nannofossil biostratigraphic hiatuses
were observed, indicating that the fan has been accumulating sedi-
ments, albeit at highly variable accumulation rates, since the late
Miocene.

Paleomagnetism

A preliminary paleomagnetic study was conducted on 36 of the
86 cores collected from Hole U1450A, comprising 108 archive sec-
tion-half and 52 discrete sample measurements. Sandy and/or de-
formed intervals were not measured. Polarity zones corresponding
to the Jaramillo and Cobb Mountain Subchrons were identified in a
calcareous clay unit in Core 36F (173.30-174.60 and 175.70-175.90
m CSF-A, respectively). An additional pair of reversals was ob-
served in Core 52F (248.38 and 248.51 m CSF-A), but the polarity
chron to which they belong has not yet been identified. The thick-
ness of the Jaramillo and Cobb Mountain polarity zones in Hole
U1450A suggests an accumulation rate for the calcareous clay inter-
val similar to that in Hole U1449A (~1.5 cm/ky).
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Physical properties

Physical property data acquired on Site U1450 cores includes
density, magnetic susceptibility, P-wave velocity, natural gamma ra-
diation (NGR), and thermal conductivity. The data are mostly of
good quality, but the results from disturbed and partially filled sec-
tions are less reliable, as described below.

Physical properties at Site U1450 primarily reflect lithologic
variations, with downcore compaction having a relatively minor ef-
fect. Using the principal lithologic name from the core description,
which assigned six types of lithologies, we calculated the total thick-
ness and average physical property value for each lithology. From
the 319 m total core recovery assigned to lithology (39.6%), sand ac-
counts for 131 m (41%), silt for 46 m (14%), clay for 72 m (22%), cal-
careous clay for 45 m (14%), claystone for 13 m (4%), calcareous
claystone for 6 m (2%), and limestone for 7 m, with additional thin
ash layers. In general, sands and silts have the highest density and P-
wave velocity, sands have the highest magnetic susceptibility, clays
have the highest NGR, and calcareous clay has the lowest values in
all measurements. Some sand-rich intervals were difficult to re-
cover and were often fluidized, which sometimes resulted in incom-
pletely filled core liners; these cores had the effect of giving
unexpectedly low gamma ray density, magnetic susceptibility, and
NGR values. Cores that had inflow of core material (“suck in”) also
likely have lower than expected values in these physical properties
Because of volume reduction.

Geochemistry

Detailed pore water measurements distinguish four hydrologic
units based on sulfate, phosphate, silica, magnesium, potassium,
calcium, and alkalinity contents. Carbonate contents of bulk sedi-
ments vary widely from 1.2 to 63.2 wt% CaCOs;, reflecting contrast-
ing depositional environments and significant contributions from
detrital carbonates. The carbonate contents of turbiditic sediments,
however, exhibit a significant change at ~620 m CSF-A, where they
roughly double from an average of 3.8 wt% above to 7.3 wt% below.
This transition occurs around the Miocene/Pliocene boundary and
most likely reflects a change in detrital carbonate supply. A similar
change was also observed at Site U1451 and can be deduced from
Deep Sea Drilling Project (DSDP) Site 218 total inorganic carbon
(TIC) data (von der Borch, Sclater, et al., 1974). Overall, total or-
ganic carbon (TOC) contents are low, with an average value of 0.4
wt%. Within turbidites, TOC broadly covaries with Al/Si ratios—a
proxy for sediment grain size and mineral composition—reflecting
preferential association of organic matter with clays previously doc-
umented in both the modern Ganga-Brahmaputra river system and
in active channel-levee sediments in the Bay of Bengal deposited
over the past 18 ky (e.g., Galy et al., 2007). The TOC budget is likely
also affected by the frequent presence of woody debris concentrated
in the lower part of many turbiditic sequences. In turbiditic sedi-
ments, major element composition (e.g., Fe/Si and Al/Si) closely
matches the chemical composition observed in sediments from the
modern Ganga-Brahmaputra river system for both the trend and
the range of variation (e.g., Galy and France-Lanord, 2001). At the
low end of Al/Si ratios, the lack of significant difference suggests
that extreme sorting documented in coarse bed sediments from
these rivers is also generated by turbidity current at Site U1450.
Conversely, the clay-rich end-member recovered at Site U1450 is
only slightly more aluminous (and likely finer) than monsoonal sur-
face-suspended sediments from the lower Meghna River.

Microbiological subsampling of sediments and pore water at
Site U1450 included establishing a microbial cell counting method,
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with further processing of the samples to be performed following
the expedition.

Downhole measurements

Five downhole measurements were taken in Hole U1450A with
the advanced piston corer temperature tool (APCT-3), ranging
from 4.6°C at 86.3 m DSF to 13.5°C at 318.1 m DSF. These measure-
ments return a geothermal gradient of 38°C/km, which appears to
be in the expected range.

Stratigraphic summary

Lithologic and physical property results confirm the expectation
that Site U1450 would contain a high proportion of sand in the re-
covered cores; it may be even higher in the formation. As at Site
U1449, the match between these data sets and seismic facies and re-
flectors will allow us to assign broad lithologic categories to the seis-
mic units and thus extrapolate throughout the seismic data set and
between Expedition 354 drill sites. These data also allow identifica-
tion of major depositional processes, which can be integrated to re-
construct the stacking pattern and evolution of fan deposition.

Because Site U1450 reaches back to 8 Ma at 812 m DSE, a pre-
cise seismic stratigraphy will be established postexpedition, based
on major hemipelagic units and associated distinct seismic reflec-
tors. These units and reflectors will be used to estimate accumula-
tion for various subfan units in time slices on the order of several
hundred thousand to millions of years, one of the main expedition
objectives. Site U1450 is located in a key position between the two
other deep penetration sites (U1451 and U1455).

Recovering material of sufficient quality was a challenge during
Expedition 354 and particularly at Site U1450 because of the high
proportion of sand. It was unexpected that the consolidation state
of sand apparently does not change much with depth. Although
loose sand was recovered with the APC and HLAPC systems to re-
fusal depth (560 and 630 m DSF in Holes U1450A and U1450B, re-
spectively), the XCB and RCB systems provided little or no recovery
of sand. The sand proportion is likely underrepresented in cores
from the deeper section of the site. Based on discrete sample mea-
surements of density and porosity, a downhole trend of porosity loss
is observed, but from lithologic observations we infer that consoli-
dation state is different for different grain sizes. Clay shows a grad-
ual transition to claystone with depth, with increasing P-wave
velocities and densities downhole. However, sand was not recovered
in any more consolidated state within the entire 800 m cored sec-
tion.

Based on biostratigraphic and paleomagnetic data, the upper
Miocene to lower Pliocene portion of the site is characterized by a
relatively uniform accumulation, averaging about 5-10 cm/ky. From
the early Pliocene to the Pleistocene, fan accumulation has intensi-
fied (~20-25 cm/ky), accompanied by a transition from more silt-
dominated to sand-dominated lithologies. As at Sites U1449 and
U1451, turbidite deposition ceased at this site at ~300 ka, as ob-
served at 11°N in the axial fan (Weber et al., 2003).

Background and objectives

Site U1450 occupies a central position at 8°0.42'N, 87°40.25'E in
the east—west transect across the Bengal Fan at 8°N (see Figures F3,
F4, and F8 in the Expedition 354 summary chapter [France-Lanord
et al,, 2016d]). It is located at equal distance from Site U1451 on the
flanks of the Ninetyeast Ridge and Site U1455 above the 85°E Ridge.
The overall thickness of the fan reaches ~4 km at this location (Cur-
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ray et al,, 2003). Neogene sediment thickness decreases toward the
two ridges, likely the result of ongoing deformation on both ridges
during the Neogene (Schwenk and Spiess, 2009). Site U1450 is lo-
cated in the center of the transect where the upper Miocene and
Pliocene—Pleistocene sections of the fan appear to be most ex-
panded and were inferred to contain a higher resolution record and
accumulate, on average, coarser grained material. It was also in-
ferred, however, that the fan has maintained a flat average topogra-
phy and therefore channel and depocenter migration were not
directly affected by any tectonic activity.

The shallow section at this site is one of the seven ~200 m thick
sections of the 8°N transect at which we investigated Middle Bengal
Fan architecture in space and time to reconstruct Pleistocene sedi-
ment delivery rates in conjunction with depocenter migration. This
site also allows insight into the delivery mechanisms of the fan and
the climatically and tectonically influenced sediment supply from
the Himalaya during the Neogene. Because the site provides a long-
term record of turbiditic deposition since the late Miocene, these
sediments can be analyzed for detrital particles predominantly sup-
plied by the Ganga-Brahmaputra river system, as shown by earlier
fan studies (e.g., France-Lanord et al., 1993). Changes in the source
regions in response to tectonic processes and climatic conditions in
the Himalayan basin were expected to be reflected in the sediment
composition and mineralogy as a result of Himalayan erosion. In
this context, it is of particular interest to resolve in detail the emer-
gence of the C4 photosynthetic flora in the Gangetic plain that is
clearly documented in Bengal fan sediments (e.g., France-Lanord
and Derry, 1994; Freeman and Colarusso, 2001).

Site U1450

The deeper portion of Site U1450 will be compared with the two
other deep-penetration transect sites: Site U1451 above the Ninet-
yeast Ridge and Site U1455 above the 85°E Ridge.

The seafloor in the vicinity of Site U1450 is relatively flat and
smooth (Figure F1). However, there is an abandoned meandering
channel ~10 km east of the site.

Figure F2 shows the shallow portion of the seismic data in the
vicinity of Site U1450. A thin sedimentary unit of uniform thickness
covers the area. Beneath this unit, in the upper 200 ms two-way
traveltime (TWT), several smaller channel-levee structures can be
identified within <10 km of the site, interrupted by reflectors of pro-
nounced continuity. Deeper than 200 ms TWT, reflections are
nearly parallel and sediment packages mostly uniform in thickness.
This interval is comparable to depositional style and units observed
at the other transect sites.

Deeper than 5.15 s TWT (Figure F3), smaller scale channels are
recognized, and associated levee systems cause both converging re-
flections within these units and onlapping reflections of overlying
interlevee sediments or younger levees. Overall, reflectivity and re-
flector geometries remain similar throughout the entire section be-
low 5.15 s TWT. Deeper than 5.7 s TWT, channel-levee structures
are absent. Drilling at this and the two other deep-penetration sites
should elucidate the causes for the absence of channel construction
before the late Miocene. In particular, it should determine whether
there is a relationship between the nature and quantity of delivered
material or changes in the erosional regime or the transport system
from the delivering rivers through the fan.

Figure F1. Bathymetric and track chart, Site U1450. Projection is UTM Zone 45N. Multibeam bathymetry was acquired during R/V Sonne Cruises SO125 and
S0O188. Blue line = seismic Line SO125-GeoB97-027 with common depth point annotation. Contour interval is 20 m. Portions of seismic data in the vicinity are

shown in Figures F2 (red line; 22 km) and F3 (14 km).
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Figure F2. Seismic Line SO125-GeoB97-027 across Site U1450, showing upper portion of sedimentary section.
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Figure F3. Seismic Line SO125-GeoB97-027 across Site U1450, showing com-
plete sedimentary section cored. A 0.5 s AGC algorithm was applied to
equalize amplitudes throughout the seismic section. Total depth = 811 m
DSF.
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Operations

Site U1450 consists of two holes. Hole U1450A was cored to
687.4 m DSF using primarily the HLAPC system alternating with
short (4.8 m) advances without coring. The APC and XCB systems
were only used in the shallow and deepest portions of the hole, re-
spectively. Hole U1450B was drilled without coring to 608.0 m DSF
and RCB cored continuously from there to 811.9 DSF, and then
downhole logging was attempted.

Hole U1450A

After the short 26 nmi transit from Site U1449, we arrived at
Site U1450 at 1830 h on 10 February 2015 and lowered the bit to the
seafloor. We spudded Hole U1450A at 0255 h on 11 February, and
the mudline core established the seafloor at 3655.3 meters below
sea level (mbsl). This hole was drilled to a total depth of 687.4 DSF
using a combination of coring (APC, HLAPC, and XCB systems)
and short (mostly 4.8 m) advances without coring. Nonmagnetic
core barrels were used for all APC and HLAPC cores, and the non-
magnetic drill collar was in the bottom-hole assembly (BHA). All
cores, penetration depths, core recovery, and time recovered on
deck are presented in Table T1.

We used the APC system for the first three cores (1IH-3H, 0—
20.2 m DSF; 20.2 m cored; 18.63 m recovered). Because the latter
two cores were partial strokes, we switched to the HLAPC system.
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Cores 4F—8F extended from 20.2 to 43.7 m DSF with a range of re-
coveries (0%—-72%); despite this change we did not advance by re-
covery but rather the full 4.7 m barrel length each core.

From 43.7 to 132.9 m DSF (below Core 8F through Core 27F),
we took a series of HLAPC cores interspersed with six 4.8 m long
advances without coring. These HLAPC cores were taken consecu-
tively when fine-grained intervals (e.g., without sand/silt) were en-
countered. Two cores with the APC system (Cores 22H and 24H)
were taken in this section, but they recovered only 3.35 m of sedi-
ment. These were the only two cores where core orientation was at-
tempted.

Based on our experiences in the upper portion of this hole and
at Site U1449, we decided to deepen the hole by an alternating series
of 4.7 m long HLAPC cores followed by 4.8 m advances without
coring. The full APC coring system could not sufficiently pene-
trate/recover this formation, and the XCB system, although it could
penetrate it, could not recover core from this type of formation. In
addition, the science objectives required deep penetration sampling
at multiple sites, which could not be accomplished in time if the
HLAPC was used continuously. This alternating pattern penetrated
428.4 m of formation from 132.9 to 561.3 m DSF (Cores 28F-119F).
The only exception to this pattern occurred in a few intervals where
HLAPC cores were taken consecutively (Cores 80F—84F, 114F, 115F,
and 117F-119F). The HLAPC cores taken from this interval (Cores
28F-119F) penetrated 226.8 m of formation and recovered 176.7 m
of core (77%). Forty-two 4.8 m advances without coring penetrated
201.6 m of formation.

Because we had some difficulty getting Core 119F to penetrate
the formation, we cored the rest of the hole with the XCB system,
except for five HLAPC cores and three 4.8 m advances without cor-
ing. Cores 120X-123X cored 37.7 m (561.3-599.0 mbsf) and recov-
ered 8.89 m (24%). Because the penetration rate substantially
increased while cutting the last part of Core 123X, we inferred that
the formation had likely changed back to sand. We switched back to
HLAPC coring, as it was the most likely system to be able to recover
sand. We then cored an alternating series of HLAPC cores (124F,
126F, and 128F) and 4.8 m advances without coring that penetrated
11.2 m of formation and recovered 8.89 m (85%).

The lowermost section of the hole consisted of mostly of XCB
cores, with two HLAPC cores. Cores 129X and 132X-136X (619.8—
628.2 and 637.7-686.3 mbsf) penetrated 57.0 m and recovered 6.47
m of core (11%). Two HLAPC cores (130F and 137F; 628.2-632.9
and 686.3-687.4 mbsf) penetrated 5.8 m and recovered 4.05 m
(70%). The deepest core in this hole (HLAPC Core 137F) set the re-
cord for the deepest penetration piston core in scientific ocean drill-
ing.

We decided to terminate operations in Hole U1450A after this
last HLAPC core. We felt that recovering core to the 900 mbsf tar-
get objective and obtaining good wireline logs would be better
achieved by drilling a new RCB hole at this site later in the expedi-
tion. We pulled the drill string out of Hole U1450A, and the bit
cleared the seafloor at 2035 h on 16 February and was back on the
rig floor at 0235 h the next day. After the drill floor was secured and
the thrusters raised, we started the transit to Site U1451 at 0418 h
on 17 February. We decided we would return to core the deeper
portion of Site U1450 later in the expedition.

Five APCT-3 formation temperature measurements were con-
ducted in Hole U1450A at 86.3, 118.7, 156.6, 175.6, and 318.1 m
DSF (while taking Cores 17F, 24H, 32F, 36F, and 66F, respectively).
The last of these measurements is the deepest (318.1 m DSF) APC
formation temperature measurement ever obtained.
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Site U1450

Table T1. Site U1450 core summary. * = cores when sepiolite mud was circulated. DRF = drilling depth below rig floor, mbsl = meters below sea level, DSF = drill-
ing depth below seafloor. H = advanced piston corer, F = half-length APC, X = extended core barrel. (Continued on next two pages.) Download table in .csv for-

mat.

Hole U1450A
Latitude: 8°0.4201'N
Longitude: 87°40.2478'E
Time on hole (days): 6.4 (153.8 h)
Seafloor (drill pipe measurement below rig floor, m DRF): 3666.0
Distance between rig floor and sea level (m): 10.7
Water depth (drill pipe measurement from sea level, mbsl): 3655.3
Total penetration (drilling depth below seafloor, m DSF): 687.4
Total depth (drill pipe measurement from rig floor, m DRF): 4353.4
Total length of cored section (m): 444.7
Total core recovered (m): 282.73
Core recovery (%): 64
Drilled interval (m): 242.7
Total number of cores: 86

Hole U1450B
Latitude: 8°0.4192'N
Longitude: 87°40.2586'E
Time on hole (days): 4.0 (96.25 h)
Seafloor (drill pipe measurement below rig floor, m DRF): 3666.3
Distance between rig floor and sea level (m): 10.9
Water depth (drill pipe measurement from sea level, mbsl): 3655.4
Total penetration (drilling depth below seafloor, m DSF): 811.9
Total depth (drill pipe measurement from rig floor, m DRF): 4478.2
Total length of cored section (m): 203.9
Total core recovered (m): 46.66
Core recovery (%): 23
Drilled interval (m): 608
Total number of cores: 21

Date on deck

Top of Bottom of Interval ad- Core Date on deck (mm/dd/yy),
coredinter- coredinter- Interval vanced with- recovered  Curated (mm/dd/yy), time on deck
val val cored out coring length length Recovery time on deck UTC + 6 (h)
Core DSF (m) DSF (m) (m) (m) (m) (m) (%) UTC (h) (ship local time)
354-U1450A-

1H 0.0 85 8.5 8.52 8.52 100 02/10/152135  02/11/15 0335
2H 8.5 1.7 3.2 3.18 3.18 99 02/10/15 2255 02/11/15 0455
3H 1.7 20.2 8.5 6.93 6.93 82 02/11/150040  02/11/15 0640
4F 20.2 249 4.7 337 3.37 72 02/11/15 0215 02/11/15 0815
5F 24.9 29.6 4.7 0.00 0.00 0 02/11/150335  02/11/15 0935
6F 29.6 343 4.7 1.37 1.37 29 02/11/150640  02/11/15 1240
7F 343 39.0 47 1.87 1.87 40 02/11/150750  02/11/151350
8F 39.0 43.7 4.7 2.20 2.20 47 02/11/150900  02/11/15 1500
91 43.7 48.5 4.8 #**%*Drilled interval***** 02/11/150920  02/11/151520
10F 48.5 53.2 4.7 3.75 3.75 80 02/11/15 1005 02/11/15 1605
11F 53.2 57.9 4.7 3.65 3.65 78 02/11/151120  02/11/151720
12F 579 62.6 4.7 3.68 3.68 78 02/11/15 1225 02/11/15 1825
131 62.6 67.4 4.8 ##*x*Drilled interval***** 02/11/151255  02/11/151855
14F 67.4 721 4.7 5.01 5.01 107 02/11/151340  02/11/15 1940
151 72.1 76.9 4.8 ****¥*Drilled interval***** 02/11/151400  02/11/15 2000
16F 76.9 81.6 4.7 4.50 4.50 96 02/11/151520  02/11/152120
17F 81.6 86.3 47 5.02 5.02 107 02/11/151700  02/11/15 2300
18F 86.3 91.0 4.7 4.78 4.78 102 02/11/151900  02/12/150100
191 91.0 95.8 4.8 ***x*Drilled interval***** 02/11/151930  02/12/150130
20F 95.8 99.8 4.0 3.94 3.94 99 02/11/152040  02/12/15 0240
21F 99.8 104.5 4.7 491 4.91 104 02/11/15 2215 02/12/15 0415
22H 104.5 106.5 20 2.64 2.64 132 02/11/15 2355 02/12/15 0555
231 106.5 109.2 2.7 #**%*Drilled interval***** 02/12/150020  02/12/15 0620
24H 109.2 118.7 9.5 0.71 0.71 7 02/12/150140  02/12/15 0740
25F 118.7 1234 4.7 232 232 49 02/12/150325 02/12/15 0925
261 1234 128.2 4.8 ****¥*Drilled interval***** 02/12/15 0345 02/12/15 0945
27F 128.2 1329 4.7 4.84 4.89 103 02/12/150440  02/12/15 1040
28F 1329 137.6 4.7 2.14 2.14 46 02/12/150550  02/12/151150
291 137.6 142.4 4.8 ****¥*Drilled interval***** 02/12/150600  02/12/15 1200
30F 1424 1471 4.7 4.25 4.25 90 02/12/150720  02/12/151320
31 1471 151.9 4.8 ****¥*Drilled interval***** 02/12/150730  02/12/151330
32F 151.9 156.6 4.7 4.86 4.86 103 02/12/15 0935 02/12/15 1535
331 156.6 161.4 4.8 #**%*Drilled interval***** 02/12/150945  02/12/15 1545
34F 161.4 166.1 4.7 5.14 5.14 109 02/12/151100  02/12/15 1700
351 166.1 170.9 4.8 *#**%*Drilled interval***** 02/12/151115  02/12/151715
36F 170.9 175.6 4.7 5.20 5.20 1111 02/12/15 1245 02/12/15 1845
371 175.6 180.4 4.8 ***¥*Drilled interval***** 02/12/151310  02/12/151910
38F 180.4 185.1 4.7 4.23 4.23 90 02/12/151420  02/12/15 2020
391 185.1 189.9 4.8 *#**%*Drilled interval***** 02/12/151445  02/12/15 2045
40F 189.9 194.6 4.7 4.96 4.99 106 02/12/151550  02/12/152150
411 194.6 199.4 4.8 ***¥*%Drilled interval***** 02/12/151610  02/12/152210
42F 199.4 204.1 4.7 4.90 4.90 104 02/12/151720  02/12/15 2320
431 204.1 208.9 4.8 *#**%*Drilled interval***** 02/12/151730  02/12/15 2330
44F 208.9 213.6 4.7 4.85 4.85 103 02/12/15 1905 02/13/150105
451 213.6 2184 4.8 *#**x*Drilled interval***** 02/12/151920  02/13/150120
46F 2184 223.1 4.7 5.04 5.04 107 02/12/15 2035 02/13/15 0235
471 2231 227.9 4.8 ***%*Drilled interval***** 02/12/152055  02/13/15 0255
48F 2279 2326 4.7 4.99 4.99 106 02/12/152220  02/13/15 0420
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Table T1 (continued). (Continued on next page.)

Date on deck

Top of Bottom of Interval ad- Core Date on deck (mm/dd/yy),
coredinter- coredinter- Interval vanced with- recovered  Curated (mm/dd/yy), time on deck
val val cored out coring length length Recovery time on deck UTC + 6 (h)

Core DSF (m) DSF (m) (m) (m) (m) (m) (%) UTC (h) (ship local time)
491 2326 2374 4.8 ***¥%Drilled interval***** 02/12/152245  02/13/15 0445
50F 2374 242.1 4.7 2.84 2.84 60 02/12/152345  02/13/15 0545
511 242.1 246.9 4.8 ****¥*Drilled interval***** 02/13/150010  02/13/150610
52F 246.9 251.6 4.7 5.01 5.01 107 02/13/150110  02/13/150710
531 2516 256.4 4.8 ****¥*Drilled interval***** 02/13/150130  02/13/150730
54F 256.4 261.1 4.7 4.75 4.75 101 02/13/150220  02/13/15 0820
551 261.1 265.9 4.8 ***¥*Drilled interval***** 02/13/150245  02/13/15 0845
56F 265.9 270.6 4.7 4.89 4.89 104 02/13/150330  02/13/15 0930
571 270.6 2754 4.8 **¥*Drilled interval***** 02/13/150400  02/13/15 1000
58F 2754 280.1 4.7 1.70 1.70 36 02/13/15 0455 02/13/15 1055
591 280.1 284.9 4.8 ***¥*Drilled interval***** 02/13/150510  02/13/151110
60F 2849 289.6 4.7 5.02 5.02 107 02/13/150555  02/13/151155
611 289.6 2944 4.8 ***¥*Drilled interval***** 02/13/150610  02/13/151210
62F 2944 299.1 4.7 4.98 4.98 106 02/13/150700  02/13/15 1300
631 299.1 303.9 4.8 ****¥*Drilled interval***** 02/13/150715  02/13/151315
64F 303.9 308.6 4.7 2.68 2.68 57 02/13/15 0805 02/13/15 1405
651 308.6 3134 4.8 *****Drilled interval***** 02/13/150815  02/13/15 1415
66F 3134 318.1 4.7 234 234 50 02/13/15 0925 02/13/15 1525
671 318.1 3229 4.8 ****¥*Drilled interval***** 02/13/150940  02/13/15 1540
68F 3229 327.6 4.7 4.47 4.47 95 02/13/151030  02/13/151630
691 3276 3324 4.8 ****%Drilled interval***** 02/13/151045  02/13/15 1645
70F 3324 3371 4.7 3.46 3.46 74 02/13/151135 02/13/151735
71 337.1 3419 4.8 ***¥*Drilled interval***** 02/13/15 1140 02/13/15 1740
72F 3419 346.6 4.7 3.71 3.71 79 02/13/15 1235 02/13/15 1835
731 346.6 3514 4.8 ***¥*Drilled interval***** 02/13/151240  02/13/15 1840
74F 3514 356.1 4.7 4.01 4.01 85 02/13/151350  02/13/15 1950
751 356.1 360.9 4.8 ****%Drilled interval***** 02/13/151400  02/13/15 2000
76F 360.9 365.6 4.7 4.81 4.81 102 02/13/15 1455 02/13/15 2055
77 365.6 3704 4.8 ****%Drilled interval***** 02/13/151500  02/13/15 2100
78F 3704 375.1 4.7 2.70 2.70 57 02/13/151600  02/13/15 2200
791 375.1 379.9 4.8 ****%Drilled interval***** 02/13/151605  02/13/15 2205
80F 3799 384.6 4.7 2.60 2.60 55 02/13/151700  02/13/15 2300
81F 384.6 389.3 4.7 0.80 0.80 17 02/13/151820  02/14/15 0020
82F 389.3 394.0 4.7 4.94 4.94 105 02/13/15 1945 02/14/15 0145
83F 394.0 398.7 4.7 4.43 4.43 94 02/13/152100  02/14/15 0300
84F 398.7 403.4 4.7 4.98 4.98 106 02/13/152210  02/14/150410
851 403.4 408.2 4.8 ****%Drilled interval***** 02/13/152235  02/14/15 0435
86F 408.2 412.9 4.7 3.87 3.87 82 02/13/15 2325 02/14/15 0525
871 4129 417.7 4.8 ****¥*Drilled interval***** 02/13/152340  02/14/15 0540
88F 417.7 4224 4.7 3.58 3.58 76 02/14/150040  02/14/15 0640
891 4224 427.2 4.8 ****¥*Drilled interval***** 02/14/150145  02/14/15 0745
90F* 427.2 431.9 4.7 4.08 4.08 87 02/14/150250  02/14/15 0850
911 431.9 436.7 4.8 ****%Drilled interval***** 02/14/150305  02/14/15 0905
92F 436.7 4414 4.7 5.04 5.04 107 02/14/15 0355 02/14/15 0955
931 4414 446.2 4.8 ****¥*Drilled interval***** 02/14/150425  02/14/151025
94F 446.2 450.9 4.7 4.54 4.54 97 02/14/150510  02/14/151110
951 450.9 455.7 4.8 *****Drilled interval***** 02/14/150540  02/14/15 1140
96F 455.7 460.4 4.7 3.55 3.55 76 02/14/15 0625 02/14/15 1225
971 460.4 465.2 4.8 ****¥*Drilled interval***** 02/14/150635  02/14/151235
98F 465.2 469.9 4.7 4.66 4.66 929 02/14/15 0735 02/14/15 1335
991 469.9 4747 4.8 *****Drilled interval***** 02/14/150750  02/14/15 1350
100F 474.7 479.4 4.7 3.65 3.65 78 02/14/15 0845 02/14/15 1445
1011 479.4 484.2 4.8 ****¥*Drilled interval***** 02/14/150850  02/14/15 1450
102F 484.2 488.9 4.7 0.10 0.10 2 02/14/150950  02/14/15 1550
1031 488.9 493.7 4.8 ****%Drilled interval***** 02/14/151000  02/14/15 1600
104F 493.7 498.4 4.7 3.66 3.66 78 02/14/151100  02/14/15 1700
1051 498.4 503.2 4.8 *****Drilled interval***** 02/14/151120  02/14/151720
106F 503.2 507.9 4.7 213 213 45 02/14/151210  02/14/151810
1071 507.9 512.7 4.8 ****¥*Drilled interval***** 02/14/151230  02/14/151830
108F 512.7 5174 4.7 0.72 0.72 15 02/14/151320  02/14/151920
1091 5174 522.2 4.8 ****¥*Drilled interval***** 02/14/151330  02/14/151930
110F* 5222 526.9 4.7 257 257 55 02/14/15 1435 02/14/15 2035
1M 526.9 531.7 4.8 *****Drilled interval***** 02/14/151500  02/14/15 2100
112F 531.7 536.4 4.7 1.27 1.27 27 02/14/151750  02/14/15 2350
1131 536.4 541.2 4.8 ****%Drilled interval***** 02/14/151815  02/15/150015
114F 541.2 5414 0.2 0.13 0.13 65 02/14/15 1915 02/15/150115
115F 541.4 546.1 4.7 0.81 0.81 17 02/14/152050  02/15/15 0250
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Table T1 (continued).

Site U1450

Date on deck

Top of Bottom of Interval ad- Core Date on deck (mm/dd/yy),
coredinter- coredinter- Interval vanced with- recovered  Curated (mm/dd/yy), time on deck
val val cored out coring length length Recovery time on deck UTC + 6 (h)

Core DSF (m) DSF (m) (m) (m) (m) (m) (%) UTC (h) (ship local time)
1161 546.1 550.9 4.8 ***¥%Drilled interval***** 02/14/152130  02/15/150330
117F 550.9 555.6 4.7 4.21 4.21 90 02/14/15 2235 02/15/15 0435
118F 555.6 560.3 4.7 1.36 1.36 29 02/15/150000  02/15/15 0600
119F 560.3 561.3 1.0 1.05 1.05 105 02/15/150240  02/15/15 0840
120X 561.3 569.9 8.6 4.09 4.09 48 02/15/15 0445 02/15/15 1045
121X 569.9 579.6 9.7 0.67 0.67 7 02/15/150640  02/15/15 1240
122X 579.6 589.4 9.8 2.84 2.84 29 02/15/15 0825 02/15/15 1425
123X* 589.4 599.0 9.6 1.29 1.29 13 02/15/151110  02/15/151710
124F 599.0 603.7 4.7 3.56 3.56 76 02/15/151240  02/15/15 1840
1251 603.7 608.5 4.8 ****xDrilled interval***** 02/15/151300  02/15/15 1900
126F 608.5 613.2 4.7 4.01 4.01 85 02/15/151410  02/15/15 2010
1271 613.2 618.0 4.8 ****%Drilled interval***** 02/15/151430  02/15/15 2030
128F 618.0 619.8 1.8 1.90 1.90 106 02/15/151555  02/15/15 2155
129X* 619.8 628.2 8.4 0.28 0.28 3 02/15/151915  02/16/150115
130F 628.2 632.9 47 2.94 2.94 63 02/15/152040  02/16/15 0240
131 6329 637.7 4.8 ***¥*Drilled interval***** 02/15/152130  02/16/15 0330
132X 637.7 647.4 9.7 1.02 1.02 1 02/16/150010  02/16/150610
133X 647.4 657.2 9.8 0.74 0.74 8 02/16/150250  02/16/15 0850
134X 657.2 667.0 9.8 2.22 2.22 23 02/16/150530  02/16/15 1130
135X* 667.0 676.7 9.7 0.05 0.05 1 02/16/150820  02/16/15 1420
136X 676.7 686.3 9.6 2.16 2.16 23 02/16/151020  02/16/15 1620
137F 686.3 687.4 1.1 1.11 1.11 101 02/16/151130  02/16/15 1730

Totals: 444.7 2427 282.73 282.81 64
354-U14508B-
1 0.0 608.0 — 608.0 ****¢Drilled interval*****
2R 608.0 617.8 9.8 3.16 3.16 32 03/09/150100  03/09/15 0700
3R 617.8 627.5 9.7 0.29 0.29 3 03/09/15 0235 03/09/15 0835
4R 627.5 637.2 9.7 0.17 0.17 2 03/09/150400  03/09/15 1000
5R 637.2 646.9 9.7 0.10 0.10 1 03/09/15 0555 03/09/15 1155
6R 646.9 656.6 9.7 0.00 0.01 0 03/09/150745  03/09/15 1345
7R* 656.6 666.3 9.7 3.95 3.95 41 03/09/151100  03/09/15 1700
8R 666.3 676.0 9.7 0.19 0.19 2 03/09/151220  03/09/15 1820
9R 676.0 685.7 9.7 2.04 2.04 21 03/09/15 1345 03/09/15 1945
10R* 685.7 695.4 9.7 0.67 0.67 7 03/09/151510  03/09/152110
11R 695.4 705.1 9.7 5.20 5.20 54 03/09/15 1645 03/09/15 2245
12R 705.1 7148 9.7 3.07 3.07 32 03/09/151820  03/10/15 0020
13R 714.8 7245 9.7 3.46 3.46 36 03/09/152010  03/10/150210
14R 724.5 734.2 9.7 1.87 1.87 19 03/09/15 2135 03/10/15 0335
15R 734.2 743.9 9.7 1.71 1.71 18 03/09/15 2315 03/10/15 0515
16R* 743.9 753.6 9.7 3.91 3.91 40 03/10/150040  03/10/15 0640
17R 753.6 763.3 9.7 1.72 1.72 18 03/10/150210  03/10/150810
18R 763.3 773.0 9.7 2.58 2.58 27 03/10/150350  03/10/15 0950
19R* 773.0 782.7 9.7 4.28 4.28 44 03/10/15 0555 03/10/15 1155
20R 782.7 7924 9.7 2.76 2.76 28 03/10/150740  03/10/15 1340
21R 792.4 802.1 9.7 2.77 2.77 29 03/10/15 0925 03/10/15 1525
22R* 802.1 811.9 9.8 2.76 2.76 28 03/10/151115 03/10/151715
Totals: 203.9 608.0 46.66 46.67 23

In Hole U1450A, we cored a total of 444.7 m and recovered
282.73 m of core (64%). This included 71 HLAPC cores (318.3 m
cored; 245.39 m recovered; 77%), 5 APC cores (31.7 m cored; 21.98
m recovered; 69%), and 10 XCB cores (94.7 m cored; 15.36 m recov-
ered; 16%).

Hole U1450B

After a 64 nm transit from Site U1451, we arrived back at Site
U1450 at 1342 h on 7 March 2015. Hole U1450A was cored to 687.4
m DSF, so we decided to drill without coring to 608 m DSF and then
RCB core below that depth and attempt to log the hole. This RCB
coring has a 79.4 m overlap with the deepest cores from Hole
U1450A. We assembled an RCB with a mechanical bit release
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(MBR), lowered it to the seafloor, and started drilling in Hole
U1450B at 2305 h on 7 March. We continued drilling without coring
in Hole U1450B from 0 to 465.0 m DSF. At this point (1945 h on 8
March), the low penetration rate led us to retrieve the center bit for
inspection. No problems were observed. The center bit was rede-
ployed, and drilling resumed at 2100 h on 8 March. At 0414 h on 9
March, the bit reached 608.0 m. After retrieving the center bit, RCB
coring started at 0515 h on 9 March. Nonmagnetic core barrels
were used for all RCB cores. Cores 2R-11R penetrated from 608.0
to 705.1 m DSF (97.1 m) and recovered 15.77 m of core. Because of
poor recovery for Cores 3R-6R (3.72 m; 8%), a slow penetration
rate, and sediment jammed in the core catchers, we ran a bit deplug-
ger after Core 6R to clear the bit. After the bit deplugger was recov-
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ered, Cores 12R-22R penetrated from 705.1 to 811.9 m DSF (106.8
m) and recovered 15.77 m of core (29%). RCB coring in Hole
U1450B sampled 203.9 m of formation (608.0-811.9 m DSF) and re-
covered 46.66 m of sediment (23%).

After the last core arrived on deck (1715 h on 10 March), we de-
cided our primary coring objectives had been mostly achieved, so
we prepared the hole for downhole logging. We circulated 35 bar-
rels of mud to clear cuttings out of the hole (before retrieving the
last core), deployed the rotary shifting tool (RST) to release the bit
in the bottom of the hole, filled the hole with weighted mud, and
raised the bottom of the drill string to 82.7 mbsf. At 2300 h, we
started assembling the first logging tool string (triple combo). We
finished assembling and testing the triple combo at 0115 h on 11
March. We lowered it through the drill string and out of the open
end of the drill string at 82.7 mbsf. The bottom of the tool string
encountered an obstruction in the hole at 133.7 mbsf. The tool
string was raised and lowered a few times in an attempt to pass
through this obstruction, but the tool became stuck in the hole. Af-
ter applying the maximum amount of force to the logging wireline,
the tool string was freed from the formation. The tool string was
recovered on the rig floor at 0615 h on 11 March. We decided log-
ging was not possible because of the hole conditions. After the rig
floor was cleared of the logging setup, the driller started to pull the
string out of the seafloor. However, the pipe had become stuck, and
the drillers had to apply 40,000 Ib of overpull to extract the BHA out
of the seafloor. After the drill string was retrieved, the rig floor se-
cured, the thrusters raised, and the seafloor positioning beacon re-
covered, we departed for Site U1452 at 1430 h on 11 March.

Lithostratigraphy

At Site U1450, two holes (U1450A and U1450B) were drilled to
respective total depths of 687.36 m DSF (cored interval: 444.7 m
with 64% recovery) and 811.9 m DSF (cored interval: 203.9 m with
23% recovery). Hole U1450B lithostratigraphic units overlap with
those from Hole U1450A from 608.00 to 677.80 core depth below
seafloor (CSF-A). The overall dominant lithology for Site U1450
(84% of total recovered material) is siliciclastic and comprises fin-
ing-upward sequences of fine sand, silt, and clay (i.e., turbidites), as
well as homogenized sands and mixed silt-clay layers. Siliciclastic
units alternate with at least 10 units of calcareous sediment (16% of
total recovered material). The thickest continuous calcareous inter-
vals are in Unit III and consist of 5.14 m in Core 354-U1450A-34F
and 4.8 m in Core 36F with 3.36 m of drilling without coring in be-
tween them. Sediments give way downhole in Hole U1450B to in-
creasingly more lithified material (e.g., limestones and claystones)
from 627.50 m CSE-A to the base of recovered material. Addition-
ally, Site U1450 contains three volcanic ash layers.

Recovered sediments from Site U1450 are divided into 24 litho-
stratigraphic units based on lithologic and paleontological charac-
teristics obtained through macroscopic and smear slide analyses
and physical property measurements (Figures F4, F5; Table T2).

Unit summaries

Because of the lithologic similarities between units, they have
been grouped by lithology and summarized. More detailed descrip-
tions of individual units are presented in the subsequent sections.

Units L, I11, V, VI, IX, XI, XIII, XV, XVII, and XIX are dominated
by calcareous clays. Lower units (XI, XV, and XIX) contain pyritized
burrows and/or intercalated clay and silt beds with plant fragments.
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Units I, IV, VI, VIII, and XVI are principally siliciclastic sediments
that fine upward (i.e., turbidites).

Units X, XII, XIV, XVIII, XX, and XXII are also dominated by
siliciclastic sediment but are texturally homogeneous

Units XXI, XXIII, and XXIV are impure limestones and calcare-
ous claystones with minor components of silty clay, claystone, and
siltstone occasionally containing plant fragments.

Units I and VII contain ash layers.

Lithostratigraphic summary

Similar to Site U1449, lithologic differences between units and
variations in grain size and bed thickness reflect cycles of proximal
turbidity current channel activity and abandonment. Sand intervals
may represent interlevee sheet flows (e.g., Curray et al., 2003),
whereas finer grained fractions are more likely preserved in leveed
sections. Bioturbated calcareous clays represent times of local chan-
nel-levee inactivity and reduced siliciclastic deposition and reflect
an increase in settling of pelagic material. Many intervals of calcare-
ous material show repeated sequences of color-graded beds, which
can occur because of increased entrainment of siliciclastic material,
changes in water column productivity, or changes in the oxida-
tion/reduction horizons of the pore waters. In Hole U1450B, inter-
vals dominated by calcareous and/or clayey material become
increasingly lithified with depth, and many are intercalated with
very thin to thin silt or siltstone layers. Plant fragments occur
throughout the site, more commonly in silt and siltstone intervals,
although a few sand-dominated units also contain macroscopic or-
ganic material. At the top of Hole U1450A is an 18 c¢m thick ash
layer that presumably corresponds to the ~75 ka Toba volcanic
eruption that produced widespread tephra deposits across the Bay
of Bengal (e.g., Ninkovich et al., 1978; Gasparotto et al., 2000).

Overall, siliciclastic units (silt, clay, and sand) at Site U1450 are
compositionally classified as mica rich (muscovite and biotite) and
quartz rich. Sands occur mostly in fine to medium grain size ranges
with rare occurrence of coarse-sized particles. Feldspar and heavy
minerals (e.g., tourmaline, apatite, zircon, amphibole, garnet,
sphene, rutile, chrome spinel, zoisite, glauconite, and opaque min-
erals) are common in silt- and sand-rich layers, and metamorphic
minerals (sillimanite and chloritoid) and lithic fragments (e.g.,
quartzite, gneiss, and schist) occasionally appear in sands.

Units containing calcareous sediment (limestone and calcareous
claystone) are mottled and bioturbated, consistently include radio-
larians and foraminifers, and often exhibit color variations from
white to greenish gray. The nomenclature for lithologic descriptions
of fine sediments containing carbonate consists of a principal name
and a modifier based on the composition estimated from visual de-
scription of the cores and from smear slide observations. The prin-
cipal name of sediment that appears to contain >75% carbonate is
calcareous ooze (see Figure F4 in the Expedition 354 methods chap-
ter [France-Lanord et al., 2016a]). The principal name of sediment
that appears to contain <10% carbonate is clay. If sediment contains
a mixture of clay-sized siliciclastic particles and calcareous compo-
nents (i.e., carbonate contents between 10% and 75%), the principal
name is calcareous clay. This nomenclature was adopted to describe
the continuum of sediments recovered from almost pure clay to al-
most pure calcareous ooze. In most cases, lithologic names assigned
using this protocol match well with measured carbonate content
and accurately reflect the continuum of sediments recovered at this
site. Examples can be seen in Figure F6 in the Site U1451 chapter
(France-Lanord et al., 2016b) and Figure F5 in the Site U1452 chap-
ter (France-Lanord et al., 2016c).
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Site U1450

Figure F4. Lithostratigraphic summary, Hole U1450A. For legend, see Figure F5 in the Expedition 354 methods chapter (France-Lanord et al., 2016a). For a
larger version of this figure, see LITHOSTRAT in Supplementary material. (Continued on next page.)
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Drilling disturbances at this site vary in intensity from slight to Unit |
high and include flow-in, fractures, up-arching, “soupy” textures,
and drilling biscuits. Flow-in is the most common drilling distur- Interval: 354-U1450A-1H-1, 0 cm, to 1H-4, 54 cm; Hole U1450B
bance in fine-grained intervals, whereas disturbed sands may dis- not recovered
play a homogeneous (or soupy) texture. See Figure F6 in the Depth: 0_5~04 m CSE-A
Expedition 354 methods chapter (France-Lanord et al., 2016a) for a A'ge: Late Pleistocene-recent ) ) )
more detailed description and graphic examples of drilling distur- Lithology: calcareous clay (major); volcanic ash (minor)
bance types.
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Figure F4 (continued).
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Description

Unit I consists of a 5.0 m thick nannofossil-rich calcareous clay
with foraminifers. The uppermost 20 cm is yellow and has a soft
spongy texture. The color gradually changes downsection to light
gray with mottling and abundant burrows. Intervals 1H-1, 19-66
and 108-141 cm, are particularly rich in planktonic foraminifers.
Section 1H-2, 9-27 cm, contains a light brown volcanic ash layer
composed of fine sand-sized glass shards fining upward (Figure
F6). The base of this layer appears to have been disturbed by coring,
and a blob of ash is found 32 c¢m farther downcore (1H-2, 59-65
cm). This ash blob does not appear to be a laterally continuous fea-
ture; therefore, we interpret it to be a result of displacement by cor-
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ing. Below the base of the ash layer is a 67 cm thick interval of white
calcareous clay with large vertical burrows (>5 cm) infilled with
dark material, probably pyrite framboids. Below this interval, the
white calcareous clay becomes gray with a mottled texture. Intervals
20-50 cm thick of gray calcareous clay are divided by 1-2 c¢m thick
bands of dark green calcareous clay. At the base of the unit (Section
1H-4, 48 cm), calcareous clay transitions into bioturbated gray clay
with foraminifers.

Composition from smear slides
See Figure F7 for representative smear slide images.
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Site U1450

Figure F5. Lithostratigraphic summary, Hole U1450B. For legend, see Figure F5 in the Expedition 354 methods chapter (France-Lanord et al.,, 2016a).
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Nannofossil-rich calcareous clay 96.76-99.04, 128.82-134.4, and 151.9-153.35 m CSF-A. They usu-
Calcareous nannofossils make up a significant proportion of the ally consist of repeated thin- to medium-bedded laminated silt fin-
total grains in the smear slides, up to 85%—95%, with fragments of ing upward into clay (Figure F8A). The clays are either structureless
radiolarians, foraminifers, and diatoms (1H-1, 54 ¢m; 0.539 m CSF- or bioturbated (Figure F8B). The silts often exhibit an overall up-
A). Minor amounts of clay minerals are also found. ward decreasing trend of thickness and frequency. The sand-domi-
nated intervals mainly consist of medium to very thick beds
Volcanic ash overlain by thin- to medium-bedded clay layers with gradational
Smear slides from the ash layers mainly consist of volcanic glass boundaries. Thick to very thick sand beds often show a soupy tex-
shards 0.01-0.35 mm in diameter and minor amounts of quartz,  ture and are mostly composed of fine to medium normally graded
feldspar, biotite, and hornblende. Volcanic glass appears in the form sand, especially in the uppermost parts of the beds (Figure F8C).
of clear plates, flakes, and strands with a relatively low refractive in- They also commonly show horizontal stratification with mica-rich
dex (1H-2, 64 cm; 2.14 m CSF-A). Occasionally, fragments of radio- or plant debris—rich layers (Figure F9) and occasionally include a
larians and foraminifers contaminate the ash. The typical range for few mud clasts.
the volcanic glass proportion is 90%—95% of total grains.
. Composition from smear slides
Unit I See Figure F7 for representative smear slide images.
Interval: 354-U1450A-1H-4, 54 cm, to 32F-CC, 31 cm; Hole
Calcareous clay
U1450B not recovered . . . . .
White and greenish white calcareous clay is mainly composed of
Depth: 5.04-156.76 m CSF-A ) . . ) B
A . . calcareous nannofossils with radiolarians. The average proportion
ge: Middle—Late Pleistocene . . .
A . . - of the nannofossil component is 65%—80% of total grains. In some
Lithology: clay, silt, sand (major); nannofossil-rich calcareous . ; .
clay with foraminifers (minor) horizons, clay minerals and fragments of foraminifers occur (14F-3,
73 c¢cm; 71.10 m CSF-A).
Description cl ilt and silty I
Unit II is generally characterized by alternating sequences of ayey SI, an SI, ygay . .

. ; . L . . Silt-sized grains include quartz, feldspar, mica, altered mica, and
silt- and clay-rich (Figure F6B) and sand-rich intervals (i.e., turbi- . . 3 .

. . . heavy minerals. Clay-sized minerals include amorphous and apha-
dites) intercalated with calcareous clay between 70.79 and 72.41 m " ins (2H-1, 52 . 9.02 m CSF-A). Carbonat ) )
CSF-A. The silt- and clay-rich intervals are located at 5.04—11.6, nttic grams o cm; 7,02 m -AA). fLarbonate mnerals are

occasionally present.
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Table T2. Intervals, depths, major and minor lithologies, and ages of units, Site U1450. Download table in .csv format.
Bottom
Top depth depth
Unit Interval CSF-A(m)  CSF-A (m) Major lithology Minor lithology Top age Bottom age
354-
| U1450A-1H-1, 0 cm, to 1H-4, 54 cm 0.00 5.04 Calcareous clay Volcanic ash recent Late Pleistocene
1 U1450A-1H-4, 54 cm, to 32F-CC, 31 cm 5.04 156.76 Clay, silt Calcareous clay Late Pleistocene Middle Pleistocene
1] U1450A-34F-1,0 cm, to 36F-CC, 37 cm 161.40 176.00 Calcareous clay Clay, silt Middle Pleistocene  Middle Pleistocene
I\ U1450A-38F-1,0 cm, to 44F-CC, 32 cm 180.40 213.75 Clay, silt, sand None Middle Pleistocene ~ Middle Pleistocene
Vv U1450A-46F-1,0 cm, to 46F-1, 140 cm 218.40 219.80 Calcareous clay None Middle Pleistocene  Middle Pleistocene
Vi U1450A-46F-1, 140 cm, to 50F-CC, 32 cm 219.80 240.13 Sand Clay Middle Pleistocene  Middle Pleistocene
ViI U1450A-52F-1,0 cm, to 52F-2,82 cm 246.90 249.17 Calcareous clay Volcanic ash Middle Pleistocene  Middle Pleistocene
Vil U1450A-52F-3,0 cm, to 72F-CC, 23 cm 249.17 345.61 Clay, silt Sand Middle Pleistocene  early Pleistocene
IX U1450A-74F-1,0 cm, to 74F-2,12 cm 351.40 352.98 Calcareous clay Clay early Pleistocene early Pleistocene
X U1450A-74F-2,12 cm, to 81F-1,80 cm 352.98 385.40 Silt Sand, clay early Pleistocene early Pleistocene
Xl U1450A-82F-1,0 cm, to 82F-CC, 22 cm 389.30 394.24 Calcareous clay None early Pleistocene early Pleistocene
XIl U1450A-83F-1,0 cm, to 90F-3, 136 cm 394.00 431.13 Sand Clay early Pleistocene early Pleistocene
Xl U1450A-92F-1,0 cm, to 94F-1,16 cm 436.70 446.36 Calcareous clay None early Pleistocene early Pleistocene
XV U1450A-94F-1,16 cm, to 112F-1, 113 cm 446.36 532.83 Sand, silt Clay early Pleistocene early Pleistocene
XV U1450A-114F-CC,0 cm, to 121F-CC, 66 cm 541.20 570.57 Calcareous clay Sand, clay early Pleistocene middle Pliocene
XVI U1450A-122X-1,17 cm, to 126F-CC, 20 cm 579.77 612.51 Clay, silt Sand, clay, calcareous clay ~ middle Pliocene middle Pliocene
U1450B-2R-1,0 cm, to 3R-1,23 cm 608.00 618.03
XV U1450A-128F-1, 0 cm, to 128F-CC, 38 cm 618.00 619.90 Calcareous clay Clay early Pliocene early Pliocene
U1450B-4R-CC, 0 cm, to 4R-CC, 12 cm 627.50 627.62
XV U1450A-129X-CC,0cm, to 133X-CC,25cm  619.90 648.14 Sand Clay, silt, calcareous clay early Pliocene late Miocene
U1450B-7R-1,0 cm, to 7R-2, 80 cm 656.50 658.90
XIX U1450A-134X-1,0 cm, to 137F-1, 106 cm 657.20 687.36 Calcareous claystone  Clay, silt, sand late Miocene late Miocene
U1450B-7R-2,80 cm, to 9R-1,0 cm 658.90 677.80
XX U1450B-9R-1,0cm, to 11R-1, 11 cm 677.80 695.51 Clay None late Miocene late Miocene
XXI U1450B-11R-1, 11 cm,to 11R-2,94 cm 695.51 697.83 Limestone, calcareous  Clay late Miocene late Miocene
claystone
XXII U1450B-11R-294 cm, to 19R-1,5cm 697.83 773.05 Clay Silt, limestone late Miocene late Miocene
XXl U1450B-19R-1,5 cm, to 21R-1,39 cm 773.05 783.09 Limestone Calcareous claystone, late Miocene late Miocene
siltstone, claystone
XXIV U1450B-20R-1, 39 cm, to 22R-CC 783.09 804.86 Claystone Siltstone, sandstone, late Miocene late Miocene

calcareous claystone

Figure F6. Representative examples of major lithologies recovered in Hole U1450A. A. Volcanic ash (1H-2, 5-37 cm). B. Succession of mud turbidites (1H-5, 1-33
cm). C. Silt/fine-sand dominated turbidites (42F-1, 22-54 cm). D. Homogeneous fine sand (40F-1, 77-109 cm). E. Nannofossil-rich calcareous clay (120X-3, 64—

96 cm). F. Centimeter-sized clasts of light gray nannofossil-rich calcareous clay in a matrix of clay (117F-1,49-81 cm).
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Figure F7. Representative smear slide images (parallel nicols), Hole U1450A.
A. Volcanic ash with abundant glass shards (1H-2; 1.600 m CSF-A). B. Silty
sand including quartz, feldspar, and various kinds of mica and heavy miner-
als (22H-2; 106.500 m CSF-A). C. Clay minerals (2H-1, 9.020 m CSF-A). D. Nan-
nofossil-rich calcareous clay (76F-1; 360.920 m CSF-A).

Site U1450

Figure F9. Plant fragments, Hole U1450A. A. Occurrence of plant fragments
in basal part of sand turbidites marked by white ovals (4F-1, 91-104 cm).
B. Microscope photograph of plant fragment. C. Microscope photograph of
sand grains from the basal part of the sand turbidites, showing abundant
plant fragments.

— 0.1 mm

Figure F8. Hole UT450A features. A. Laminated silt overlain by structureless
clay (2H-2A, 79-99 cm). B. Bioturbation in thin mud turbidites (32F-1A, 12—
32 cm). C. Two successive sand turbidites, boundary at 8 cm (28F-1A, 1-22
cm). Note fining-upward texture (normal grading) in the uppermost part of
the lower unit and horizontal stratification in the basal part of the upper
unit.

Silty sand

Silty sand layers intercalated in the upper part of the unit consist
of quartz, feldspar, mica, and lithic fragments. Heavy minerals, in-
cluding amphibole, tourmaline, zoisite, zircon, apatite, and opaque
minerals, are frequently recorded. Metamorphic minerals such as
sillimanite and chloritoid were occasionally observed. In several
horizons, a few glauconitic grains, mostly 0.1-0.2 mm in diameter,
are found. The sand at 20.20 m CSF-A includes a large amount of
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plant debris and wood fragments with foraminifers. Occasionally,
aggregate grains of carbonate minerals occur. The maximum grain
size for sand grains is 0.67 mm in diameter (8F-1, 80 cm; 39.80 m
CSE-A).

Unit [l

Interval: 354-U1450A-34F-1, 0 cm, to 36F-CC, 37 cm; Hole
U1450B not recovered

Depth: 161.40-176.00 m CSF-A

Age: Middle Pleistocene

Lithology: calcareous clay (major); biosiliceous-rich clay, silt
(minor)

Description

Unit III consists of 14.6 m of varicolored nannofossil-rich cal-
careous clay with foraminifers and occasional 3—15 c¢cm thick dark
gray silt interbeds. The calcareous clay is mostly white-yellow with
green and light gray intervals. Small horizontal burrows and mot-
tling are pervasive. Vertical burrows occur less often and are gener-
ally larger (>3 cm) and infilled with pyrite. From 34F-4, 0 cm, to
34F-CC, 36 cm, a biosilica-rich interval with radiolarians is present.
The uppermost 5.1 m of the unit was recovered in Core 34F, fol-
lowed by 4.4 m of drilling without coring. When coring resumed in
Core 36F, another 5.2 m of this calcareous clay unit was recovered.

Composition from smear slides
See Figure F7 for representative smear slide images.

Nannofossil-rich calcareous clay

Calcareous nannofossils make up a significant proportion (up to
85%) of the clay-sized fraction, and clay minerals occur in minor
proportion (up to 10%). Radiolarians also contribute a minor
amount, generally up to 5%.
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Silt

Silt-sized grains of quartz, feldspar, lithic fragments, mica, and
heavy minerals are found (34F-1, 108 cm; 162.388 m CSF-A). Occa-
sionally, carbonate minerals, nannofossils, radiolarians, and their
fragments are also present.

Unit IV

Interval: 354-U1450A-38F-1, 0 cm, to 44F-CC, 32 cm; Hole
U1450B not recovered

Depth: 180.40-213.75 m CSF-A

Age: Middle Pleistocene

Lithology: clay, silt, fine sand

Description

Unit IV is characterized by overall dominance of medium- to
thick-bedded sand beds intercalated with a few successive thin- to
medium-bedded clay- and silt-rich intervals (i.e., turbidites; Figure
F6C). Sand-dominated intervals are mostly composed of normally
graded fine to medium sand. The grading is especially visible in the
uppermost parts of the beds. Some sand beds display no internal
structures, perhaps because of homogenization by coring (Figure
F6D). However, they also commonly show horizontal stratification
with mica. The intercalated clay- and silt-rich beds mainly consist of
structureless clay with basal thin or very thin silt or sand layers.
Basal silt or sandy layers are laminated and normally graded with
sharp lower boundaries.

Composition from smear slides
See Figure F7 for representative smear slide images.

Clayey silt

Clayey silt mainly contains detrital grains. Occasionally, nanno-
fossils, radiolarians, and their fragments are also found. The miner-
alogy of clayey silt is similar to that of silty sand, as described below,
although the heavy mineral content tends to be richer compared to
sand. Occasionally, carbonate minerals are also recorded.

Silty sand

Silty sand consists of quartz, feldspar, and mica. Organic mate-
rial, such as plant debris, was frequently observed. As accessory
minerals, heavy minerals including amphibole, tourmaline, zircon,
garnet, chromian spinel, chloritoid, and opaque minerals are found.
In several horizons, the proportion of heavy minerals is very low,
less than 1% of total grains (40F-2, 85 cm; 192.28 m CSF-A). Occa-
sionally, euhedral carbonate minerals and aggregate grains of car-
bonate minerals are found. The maximum grain size is 0.41 mm in
diameter (38F-1, 40 cm; 180.8 m CSF-A).

UnitV

Interval: 354-U1450A-46F-1, 0—140 cm; Hole U1450B not re-
covered

Depth: 218.40-219.80 m CSF-A

Age: Middle Pleistocene

Lithology: nannofossil-rich calcareous clay

Description

Unit V consists of 1.4 m of green to light gray nannofossil-rich
calcareous clay. The uppermost 0.78 m is deformed and consists of
broken pieces of calcareous clay in a liquefied matrix, probably fall-
in from the interval above that was drilled without coring.
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Composition from smear slides
See Figure F7 for representative smear slide images.

Nannofossil-rich calcareous clay with radiolarians

Calcareous clay is mainly composed of nannofossils and a
greenish gray layer rich in radiolarians. A relatively high proportion
of foraminifers was also observed. The average proportion of the
nannofossil component is 50%—75% of total grains.

Unit VI

Interval: 354-U1450A-46F-1, 140 cm, to 50F-CC, 32 ¢cm; Hole
U1450B not recovered

Depth: 219.80-240.13 m CSF-A

Age: Middle Pleistocene

Lithology: fine sand (major); silty clay (minor)

Description

Unit VI is characterized by overall dominance of medium-bed-
ded to very thick bedded fine to medium sands. The uppermost
part of the sand beds often shows normal grading. The sands are
overlain by very thin to thin structureless clay layers with grada-
tional boundaries and commonly show horizontal stratification
with mica. Taking all characteristics into account, Unit VI mostly
represents sand-dominated turbidites.

Composition from smear slides
See Figure F7 for representative smear slide images.

Silty sand

Silty sand consists primarily of quartz, feldspar, lithic fragments,
mica, and heavy minerals. All grains are angular except altered mica
grains. Heavy minerals such as garnet, zircon, amphibole, apatite,
tourmaline, sphene, and opaque minerals are present. Large grains
of mica and quartz, reaching 0.5 mm in diameter, are ubiquitous.
This lithofacies also contains fragments of foraminifers and aggre-
gates of carbonate minerals as a minor proportion. The maximum
grain size is 0.54 mm in diameter in this interval (46F-2, 77 cm;
220.62 m CSE-A).

Unit VII

Interval: 354-U1450A-52F-1, 0 cm, to 52F-2, 82 cm; Hole
U1450B not recovered

Depth: 246.90-249.17 m CSF-A

Age: Middle Pleistocene

Lithology: nannofossil-rich calcareous clay with foraminifers
(major); volcanic ash (minor)

Description

Unit VII consists of 2.3 m of mottled white to light gray nanno-
fossil-rich calcareous clay with foraminifers. Horizontal and vertical
burrows are pervasive. Interval 52F-1, 9-21 cm, is a light brown vol-
canic ash layer composed of fine sand-sized glass shards. The base
of this ash layer shows a band of black coloration and has an irregu-
lar sharp boundary with the calcareous clay beneath.

Composition from smear slides
See Figure F7 for representative smear slide images.

Nannofossil-rich calcareous clay with radiolarians

Calcareous clay mainly consists of nannofossils, ranging from
85% to 90% of total grains. Few radiolarians and foraminifers were
also observed.
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Volcanic ash

The ash layers mainly consist of volcanic glass shards 0.01-0.55
mm in diameter. Minor amounts of quartz, feldspar, biotite, horn-
blende, and rare clinopyroxene grains were also observed (52F-1, 19
cm; 247.09 m CSF-A). The volcanic glass is partially dissolved and
replaced by clay minerals. The typical range for the volcanic glass
proportion is 60%—85% of total grains. The glass is mainly platy or
strand shaped. Relatively common calcareous nannofossils along
with a few radiolarian fragments and foraminifers were also ob-
served.

Unit VIII

Interval: 354-U1450A-52F-3, 0 cm, to 72F-CC, 23 cm; Hole
U1450B not recovered

Depth: 249.17-345.61 m CSF-A

Age: early-Middle Pleistocene

Lithology: silty clay, clayey silt (major); silty fine sand (minor)

Description

Unit VIII is composed of 96.44 m of dark gray silty clay, clayey
silt, and silty fine sand. This unit is divided into two subunits. The
upper part, Subunit VIIIa (52F-3, 0 cm, to 64F-2, 30 cm), is 55.70 m
thick and consists of dark gray clayey silt fining upward into dark
gray silty clay (mud turbidites; Figure F6C—F6D). A longer interval
of homogeneous clayey silt was observed between 54F-4, 0 cm, and
56F-4, 59 cm. Subunit VIIIb (64F-2, 30 ¢cm, to 72F-CC, 23 cm) is
40.74 m thick and consists of dark gray silty fine sand deposited in
medium to thick beds (sand-dominated turbidites) interbedded
with minor gray clay and silty clay intervals (mud-dominated turbi-
dites).

Composition from smear slides
See Figure F7 for representative smear slide images.

Clayey silt and clay with silt

Clayey silt mainly contains detrital grains, nannofossils, and
radiolarians. The mineralogy of clayey silt is similar to silty sand, as
described below, although feldspar grains tend to be a higher pro-
portion compared to silty sand. Carbonate minerals are occasionally
recorded.

Silty sand

Silty sand consists primarily of quartz, feldspar, lithic fragments,
mica, and heavy minerals. Occasionally, glauconitic grains less than
0.1 mm in diameter occur (66F-1, 135 ¢cm; 314.75 m CSF-A). Most
grains are angular except altered mica and glauconitic grains. Heavy
minerals such as garnet, zircon, amphibole, apatite, tourmaline,
sphene, and opaque minerals are found. Sand containing a high pro-
portion of garnet and zoisite occurs at several horizons (54F-2, 32
cm, 258.03 m CSF-A, and 58F-1, 21 c¢m, 275.61 m CSF-A). Meta-
morphic minerals, such as sillimanite and chloritoid, occur rarely
(54F-2, 32 cm; 258.03 m CSF-A). Rounded and large lithic frag-
ments of quartzite, gneiss, and schist (mica-amphibole schist) are
ubiquitous (68F-1, 6 cm; 322.96 m CSF-A). The sand at 266.88 m
CSE-A (56F-1, 98 cm) is remarkably rich in pyrite grains and amor-
phous organic matter. This lithofacies also contains fragments of
foraminifers and aggregates of carbonate minerals as a minor pro-
portion.

Sand in this interval tends to be relatively coarse grained with
maximum grain sizes of 0.59 mm (66F-1, 135 cm; 314.75 m CSF-A)
and 0.71 mm (72F-2, 32 cm; 343.31 m CSF-A) in diameter.
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Unit IX
Interval: 354-U1450A-74F-1, 0 cm, to 74F-2, 12 cm; Hole
U1450B not recovered

Depth: 351.40-352.98 m CSF-A

Age: early Pleistocene

Lithology: nannofossil-rich calcareous clay with foraminifers
(major); clay (minor)

Description

Unit IX consists of 1.6 m of nannofossil-rich calcareous clay
with foraminifers. Color variations from white to yellow to light
gray occur in ~10 cm thick bands. Mottled texture and burrows are
prevalent. In Section 74F-1, 134-146 cm, a dark gray clay-rich in-
terval with abundant nannofossils is underlain by 12 ¢cm of nanno-
fossil-rich calcareous clay with foraminifers.

Composition from smear slides
See Figure F7 for representative smear slide images.

Nannofossil-rich calcareous clay

Calcareous nannofossils make up the major component. This
calcareous clay also contains aggregates of clay minerals as a minor
proportion.

Clay

Clay minerals make up the significant proportion of total grains
in this layer, with a minor amount of nannofossils and aggregates of
carbonate grains.

Unit X

Interval: 354-U1450A-74F-2, 12 ¢cm, to 81F-1, 80 cm; Hole
U1450B not recovered

Depth: 352.98-385.40 m CSF-A

Age: early Pleistocene

Lithology: clayey silt (major); silty fine sand, silty clay (minor)

Description

Unit X is 32.42 m thick and consists predominantly of very thick
beds of dark gray homogeneous clayey silt and silty fine sand. Thin-
bedded intervals of dark gray clayey silt fining upward into silty clay
occur in Sections 74F-2 and 76F-1. A sharp base and fining-upward
texture (normal grading) define these as turbidites. The absence of
such beds in lower sections of the cores and the lack of sedimentary
structures point toward material homogenization probably due to
coring. A thin layer at the top of interval 76F-1, 0-10 cm, contains
nannofossil-rich calcareous clay. Fall-in of these sediments at the
core top is indicated by several centimeter-sized clasts within a
muddy matrix. Therefore, the drilled interval above Section 74F-2
might contain significant amounts of hemipelagic sediments.

Composition from smear slides
See Figure F7 for representative smear slide images.

Clayey silt and clay with silt

Clayey silt mainly includes silt- and clay-sized detrital grains and
occasionally contains calcareous nannofossils, radiolarians, and
their fragments. Clay with silt consists mainly of calcareous nanno-
fossils, radiolarians, diatoms, and their fragments. Occasionally, mi-
nor amounts of carbonate minerals also occur.
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Silty sand

Silty sand consists primarily of quartz, feldspar, lithic fragments,
mica, and heavy minerals. Occasional shell fragments less than 2
mm in diameter are found (78F-3, 30 cm; 372.54 m CSF-A). Most
grains are angular except altered mica. Heavy minerals such as gar-
net, zircon, amphibole, apatite, tourmaline, sphene, and opaque
minerals are also found. Although deep green tourmaline and green
amphibole tend to increase in this interval, the proportion of heavy
minerals fluctuates irregularly. Occasionally, euhedral grains and
aggregate grains of carbonate minerals are found as a minor compo-
nent. The maximum grain size is 0.8 mm in diameter (80F-1, 53 cm;
380.43 m CSF-A).

Unit XI

Interval: 354-U1450A-82F-1, 0 cm, to 82F-CC, 22 ¢cm; Hole
U1450B not recovered

Depth: 389.30-394.24 m CSE-A

Age: early Pleistocene

Lithology: nannofossil-rich calcareous clay with foraminifers

Description

Unit XI consists of 4.9 m of massive light gray and white nanno-
fossil-rich calcareous clay with foraminifers. Mottled texture and
burrows are prevalent. In several instances, burrows ~0.5 cm in di-
ameter are infilled with dark material, probably pyrite framboids.

Composition from smear slides
See Figure F7 for representative smear slide images.

Nannofossil-rich calcareous clay

The smear slide of this layer contains 50%—70% calcareous nan-
nofossils along with a subordinate proportion of clay minerals
(25%—-40%). It also contains a minor amount of radiolarians (5%—
10%).

Unit XIl

Interval: 354-U1450A-83F-1, 0 cm, to 90F-3, 136 cm; Hole
U1450B not recovered

Depth: 394.00-431.13 m CSF-A

Age: early Pleistocene

Lithology: fine sand (major); silty clay (minor)

Description

Unit XII is composed of 37.13 m of dark gray fine sand and dark
gray silty clay. This unit is divided into three subunits. The upper
part, Subunit XIIa (83F-1, 0 cm, to 83F-3, 147 c¢m), is 4.36 m thick
and consists of dark gray fine sand. These sands are soupy and lack
internal structures, possibly because of drilling disturbance. The
middle part, Subunit XIIb (84F-1, 0 cm, to 86F-1, 14 cm), is 9.64 m
thick and consists of dark gray silty clay. The beds are highly dis-
turbed by flow-in of material from the core bottom. The lower part,
Subunit XIIc (86F-1, 14 cm, to 90F-3, 136 cm), is 22.72 m thick and
consists of dark gray fine sand. The sands are homogeneous and
soupy because of high water contents. Nannofossil-rich greenish-
gray calcareous clay was observed at 90F-1, 0-10 cm.

Composition from smear slides
See Figure F7 for representative smear slide images.
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Clayey silt and clay with silt

Clayey silt mainly includes detrital grains and occasionally nan-
nofossils, radiolarians, and their fragments. Clay with silt consists
mainly of clay-sized minerals and clay minerals with few nannofos-
sils and fragments of radiolarians. Occasionally, euhedral grains and
aggregate grains of carbonate minerals occur.

Silty sand

Silty sand consists primarily of quartz, feldspar, lithic fragments,
mica, and heavy minerals. Nannofossils are occasionally found in
this lithology (83F-1, 43 cm; 394.43 m CSF-A). The grains are
mostly angular, with a few exceptions in altered mica and large lithic
fragments. The heavy minerals consist of amphibole, garnet, zircon,
apatite, tourmaline, sphene, and opaque minerals. In this interval,
the heavy mineral assemblage is characterized by low tourmaline
contents and abundant garnet and zoisite grains. This lithofacies
also contains euhedral grains of carbonate minerals as a minor pro-
portion. The maximum grain size is 0.68 mm in diameter (88F-1,
104 cm; 418.74 m CSE-A).

Unit XIII

Interval: 354-U1450A-92F-1, 0 cm, to 94F-1, 16 cm; Hole
U1450B not recovered

Depth: 436.70-443.36 m CSF-A

Age: early Pleistocene

Lithology: nannofossil-rich calcareous clay

Description

Unit XIII consists of 9.7 m of massive light gray nannofossil-rich
calcareous clay with some light green intervals (<5 cm thick). Mot-
tled texture and burrows are prevalent. The uppermost 5.0 m of the
unit was recovered in Core 92F, followed by 4.5 m of drilling with-
out coring. The last 15 cm of this calcareous clay unit was recovered
in Section 94F-1. The base of the unit has a sharp planar-inclined
boundary geometry.

Unit XIV

Interval: 354-U1450A-94F-1, 16 cm, to 112F-1, 113 cm; Hole
U1450B not recovered

Depth: 446.36-532.83 m CSF-A

Age: early Pleistocene

Lithology: fine sand, silty sand, silt (major); silty clay (minor)

Description

Unit XIV is composed of 86.47 m of silty fine sand, silt, and silty
clay. This unit is divided into three subunits. The upper part, Sub-
unit XIVa (94F-1, 16 cm, to 98F-1, 37 cm), is 19.21 m thick and con-
sists of gray silt and dark gray silty clay. Large parts of this subunit
are affected by flow-in drilling disturbance. The middle part, Sub-
unit XIVb (98F-1, 37 cm, to 100F-CC, 16 cm), is 12.78 m thick and
consists of dark gray fine sand. The sands are homogeneous, proba-
bly because of the drilling process. The lower part, Subunit XIVc
(104F-1, 0 cm, to 112F-1, 113 cm), is 39.13 m thick and consists of
alternate beds of dark gray silty clay and dark gray silty fine sand
with mica. The silty sand beds are soupy, and the silty clay beds
show up-arching. The lower portion of this subunit consists of three
thin beds of nannofossil-rich dark gray calcareous clay (Sections
110F-1 through 112F-1) interbedded with dark gray fine sand with

mica.
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Composition from smear slides
See Figure F7 for representative smear slide images.

Clayey silt

Clayey silt mainly contains detrital grains with nannofossils and
radiolarians. The mineralogy of clayey silt is similar to silty sand, de-
scribed below, but lithic fragments are absent in this lithology. Oc-
casionally, carbonate minerals are recorded.

Silty sand

Silty sand contains angular grains of quartz, feldspar, lithic frag-
ments, mica, and heavy minerals. Heavy minerals consist of garnet,
tourmaline, zoisite, sphene, rutile, apatite, zircon, clinozoisite, and
opaque minerals. Fibrolithic sillimanite grains occasionally occur in
this lithology. In coarse-grained sand, schistose rock fragments,
such as mica schist and mica-amphibole schist, were observed. Oc-
casionally, this lithofacies contains aggregate grains of carbonate
minerals as a minor proportion. The maximum grain size is 0.65
mm in diameter (112F-1, 30 cm; 532.00 m CSF-A).

Unit XV

Interval: 354-U1450A-114F-CC, 0 cm, to 121F-CC, 66 cm; Hole
U1450B not recovered

Depth: 541.20-570.57 m CSF-A

Age: early-Middle Pleistocene

Lithology: nannofossil-rich calcareous clay (major); fine sand,
silty clay (minor)

Description

Unit XV consists of 29.4 m of nannofossil-rich calcareous clay
with intervals of silty clay and fine sand. The uppermost 1.0 m of the
unit consists of indurated gray nannofossil-rich calcareous clay with
mottling (Figure F6E), followed by 8.7 m of drilling without coring.
When coring resumed with Core 117F, an additional 0.8 m of a very
similar indurated calcareous clay was recovered. In Section 117F-1,
a layer of centimeter-sized clasts of light gray calcareous clay in a
matrix of clay was observed from 51 to 80 cm (Figure F6F). This
interval was potentially deposited by a mass flow (cf. Normark et al.,
1997). Immediately below this interval, 0.7 m of soupy silty sand is
followed by 2.0 m of broken pieces of calcareous clay in a liquefied
matrix of silty sand. Core 118F contains 1.4 m of indurated and
slightly fractured gray nannofossil-rich calcareous clay with mot-
tling and abundant burrows, followed by another 0.5 m of broken
pieces of calcareous clay at the top of Core 119F. Below the top of
Core 119F is a sequence of 2.5 m of fine sand with a sharp lower
boundary fining upward into silty clays. The base of Unit XV con-
sists of 1.5 m of indurated white and gray nannofossil-rich calcare-
ous clay with vertical and horizontal burrows.

Composition from smear slides
See Figure F7 for representative smear slide images.

Calcareous clay

The upper and middle parts of this unit are mainly composed of
calcareous nannofossils with calcareous grains and clay minerals.
Very minor amounts of plant fragments and carbonate aggregate
grains were also observed.

Silty sand

Silty sand mainly contains angular grains of quartz, feldspar,
lithic fragments, mica, and heavy minerals. Heavy minerals consist
of garnet, tourmaline, zoisite, sphene, rutile, apatite, zircon, clino-
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zoisite, and opaque minerals, with zoisite, clinozoisite, and amphi-
bole grains predominant in the interval. Metamorphic rock
fragments (schistose fragments bearing muscovite, actinolite, and
garnet) were recognized. Occasionally, euhedral carbonate minerals
and aggregate grains of carbonate minerals are found. The maxi-
mum grain size is 0.51 mm in diameter (120X-2, 93 c¢m; 563.25 m
CSE-A).

Unit XVI

Intervals: 354-U1450A-122X-1, 17 cm, to 126F-CC, 20 cm; 354-
U1450B-2R-1, 0 cm, to 3R-1, 23 cm

Depths: Hole U1450A = 579.77-612.51 m CSF-A; Hole U1450B
= 608.00—618.03 m CSF-A

Age: middle Pliocene

Lithology: clay, silt (major); sand, clay, calcareous clay (minor)

Description

In Hole U1450A, the majority of this unit is composed of fine-
grained turbidite lithologies (clay, silty clay, clayey silt, and silt) that
are dark gray in color and occasionally display fining-upward tex-
ture (normal grading). However, in interval 124F-1, 39 c¢cm, to 124F-
3, 81 cm, dark gray fine sand predominates; in interval 122X-1, 0-10
cm, calcareous clay is recorded; and in interval 124F-1, 0-39 cm,
light gray nannofossil-rich clay was observed. In Hole U1450B, Unit
XVIis composed of silt with plant fragments and clay with thin silt
interbeds.

Composition from smear slides
See Figures F7 and F10 for representative smear slide images.

Silty clay

Silty clay includes mainly detrital grains and clay minerals with
nannofossils, radiolarians, and diatoms. Occasionally, euhedral car-
bonate minerals are found.

Silty sand
Silty sand consists primarily of quartz, feldspar, lithic fragments,
mica, and heavy minerals. Most grains are angular except altered

Figure F10. Representative smear slide images, Hole U1450B. A. Silty sand
(7R-2; 658.83 m CSF-A; parallel nicols). B. Nannofossil-rich calcareous clay
(11R-1; 695.75 m CSF-A; crossed nicols). C. Clay with nannofossils (11R-3;
698.49 m CSF-A; parallel nicols). D. Silt (22R-1; 802.41 m CSF-A; parallel
nicols).

0.1 mm 0.1 mm
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mica. Heavy minerals such as garnet, zircon, amphibole, apatite,
tourmaline, sphene, and opaque minerals are found. The garnet and
green amphibole grains predominate over other heavy minerals in
this interval, except for opaque minerals, but the heavy mineral con-
tent as a percentage of the total grains decreases downsection (354-
U1450A-122X-CC, 30 cm; 582.24 m CSE-A). Occasionally, euhedral
carbonate minerals and aggregate grains of carbonate minerals are
found. The maximum grain size is 0.95 mm in diameter (124F-2, 85
cm; 601.23 m CSF-A).

Unit XVII

Intervals: 354-U1450A-128F-1, 0 cm, to 128F-CC, 38 cm; 354-
U1450B-4R-CC, 0-12 cm

Depths: Hole U1450A = 618.00—-619.90 m CSF-A; Hole U1450B
=627.50-627.62 m CSF-A

Age: early Pliocene

Lithology: calcareous clay (major); clay (minor)

Description

In Hole U1450A from 128F-1, 66 cm, to 128F-CC, 38 c¢m, Unit
XVII mostly consists of light gray nannofossil-rich calcareous clay.
The top of the section, at 128F-1, 0—66 cm, consists of dark gray clay
with varying proportions of calcareous nannofossils. The entire unit
is bioturbated, expressed as mottling, and in two intervals, 128F-1,
21-36 and 66—90 cm, burrows are recorded. In Hole U1450B, only
12 cm of Unit XVII was recovered, consisting of a light gray nanno-
fossil-rich calcareous clay with burrows.

Composition from smear slides
See Figure F7 for representative smear slide images.

Nannofossil-rich calcareous clay

The smear slide of this lithofacies shows 85%—90% calcareous
nannofossil content with subordinate foraminifers and clay miner-
als. Occasionally, this lithofacies shows a significant amount of
framboidal pyrite grains (354-U1450A-128F-CC, 7 c¢cm; 619.59 m
CSE-A).

Silty clay

Silty clay mainly contains detrital grains and clay minerals with a
significant proportion of calcareous nannofossils. Minor amounts
of opaque minerals, zoisite, tourmaline, garnet, and zircon, along
with quartz, feldspar, and rock fragments, were also observed. Oc-
casionally, plant fragments and nannofossils occur.

Unit XVIII

Intervals: 354-U1450A-129X-CC, 0 cm, to 133X-CC, 25 cm;
354-U1450B-7R-1, 0 cm, to 7R-2, 80 cm

Depths: Hole U1450A = 619.90-648.14 m CSF-A; Hole U1450B
= 656.50—658.90 m CSF-A

Age: late Miocene—early Pliocene

Lithology: fine sand (major); clay, clayey silt, silty clay, calcare-
ous clay (minor)

Description

In Hole U1450A, the upper part of the unit, from 129X-CC, 0
cm, to 130F-3A, 51 cm, is dominated by dark gray fine-grained mi-
caceous silty sand, with minor lithology silty clay recorded at 130F-
1A, 0-70 cm. Clasts of nannofossil-rich calcareous clays are found
in the silty sand at 129X-CC, 10-15 cm. The lower part of the unit,
from 132X-1A, 0 cm, to the base of the unit, comprises finer lithol-
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ogies: dark gray clay, clayey silt, and silty clay, with mottling indica-
tive of bioturbation at 132X-1A, 32-38 cm. In Hole U1450B, this
unit consists mainly of gray clay with thin silt interbeds and silt with
plant fragments.

Composition from smear slides
See Figures F7 and F10 for representative smear slide images.

Silty sand

Silty sand layers intercalated in the upper part of the unit consist
of quartz, feldspar, mica, lithic fragments, and heavy minerals. The
heavy mineral assemblage shows relatively little variation compared
to the other units, including garnet, amphibole, tourmaline, zoisite,
epidote, zircon, and opaque minerals. Carbonate aggregate grains
and euhedral carbonate minerals are found in this lithology, and the
typical portion of these carbonate minerals is 5%—10% of total
grains. The maximum grain size is 0.41 mm in diameter (354-
U1450A-129X-CC, 6 cm; 619.86 m CSF-A).

Unit XIX

Intervals: 354-U1450A-134X-1, 0 cm, to 137F-1, 106 cm; 354-
U1450B-7R-2, 80 cm, to 9R-1, 0 cm

Depths: Hole U1450A = 657.20-687.36 m CSF-A; Hole U1450B
= 658.90-677.80 m CSF-A

Age: late Miocene

Lithology: calcareous claystone (major); silty clay, silt, sand (mi-
nor)

Description

In Hole U1450A, the dominant lithology comprises white nan-
nofossil-rich limestone, which is clayey and sandy in interval 137F-
1, 0-78 cm. Siliciclastic components consist predominantly of
clayey silt and silty clay recorded throughout the unit, silt (with
plant fragments) in interval 137F-1, 78—92 cm, and sand in interval
137F-1, 99-106 cm. Within this unit, thin beds of clay are interlam-
inated with the limestone, and thin beds of laminated silt, interbed-
ded with the silty clay, occur in intervals 134X-1, 27 cm, to 134X-2,
64 cm, and 137F-1, 92-99 cm. Normal grading is noted in the silici-
clastic component of Core 137F, and bioturbation, expressed as
mottling and burrows, is common in Cores 134X and 136X. In Hole
U1450B, Unit XIX consists of light gray impure limestone with bur-
rows and interbeds of silt and nannofossil-rich clay.

Composition from smear slides
See Figure F10 for representative smear slide images.

Nannofossil-rich calcareous clay
This lithofacies is composed of 85%—90% calcareous nannofos-
sils with clay minerals (15%—10%) and minor silt-sized grains.

Clay with nannofossils

This lithofacies contains mainly detrital grains and clay minerals
with significant proportions of calcareous nannofossils and minor
amounts of silt grains.

Silty sand

The silty sand layer consists primarily of quartz, feldspar, lithic
fragments, mica, and heavy minerals (opaque minerals, garnet,
tourmaline, amphibole, zircon, zoisite, and clinozoisite). Carbonate
aggregate grains and euhedral carbonate minerals are present, and
the typical proportion of these carbonate minerals is 4%—7% of total
grains.
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Unit XX

Interval: Hole U1450A not recovered; 354-U1450B-9R-1, 0 cm,
to 11R-1, 11 cm

Depth: 677.80-695.51 m CSF-A

Age: late Miocene

Lithology: silty clay

Description

This unit mostly consists of gray silty clay with silt laminae (Fig-
ure F11A). A succession of thin silt beds fines upward into silty clay.
Drilling disturbance consists of biscuiting and fracturing.

Composition from smear slides
See Figure F10 for representative smear slide images.

Silt

Silt layers in the upper part of the unit consist of quartz, feldspar,
mica, lithic fragments, and heavy minerals, including amphibole,
tourmaline, zoisite, clinozoisite, zircon, and opaque minerals. Occa-
sionally, euhedral carbonate minerals are found.

The maximum grain size for sand grains is 0.18 mm in diameter
(10R-1, 44 cm; 686.14 m CSF-A).

Unit XXI

Interval: Hole U1450A not recovered; 354-U1450B-11R-1, 11
cm, to 11R-2, 94 cm

Depth: 695.51-697.83 m CSF-A

Age: late Miocene

Lithology: limestone, calcareous claystone (major); silty clay
(minor)

Site U1450

Description

The top of the unit (11R-1, 11-69 cm) consists of limestone with
calcareous nannofossils, frequently bioturbated expressed as mot-
tling and the presence of burrows (Figure F11B), followed by silty
clay with mottling (11R-1, 69 c¢cm, to 11R-2, 9 cm). The lower part of
the unit is light gray nannofossil-rich limestone, also burrowed and
mottled. Drilling disturbance occurs as biscuiting in the clays only.

Composition from smear slides
See Figure F10 for representative smear slide images.

Limestone

White and greenish limestone is mainly composed of calcareous
nannofossils with radiolarians and foraminifers. The average range
of the nannofossil component is 55%—70%, with the remaining pro-
portion consisting of clay minerals.

Clayey silt and silty clay

Clayey silt and silty clay contains mainly detrital grains (quartz,
feldspar, mica, altered mica, and heavy minerals) and clay minerals.
In some horizons, this lithofacies contains abundant calcareous
nannofossils (11R-1, 81 cm; 696.21 m CSF-A).

Unit XXIl

Interval: Hole U1450A not recovered; 354-U1450B-11R-2, 94
cm, to 19R-1, 5 cm

Depth: 697.83-773.05 m CSE-A

Age: late Miocene

Lithology: clay and silty clay (major); clayey silt, silt, limestone
(minor)

Figure F11. Representative examples of major lithologies recovered in Hole U1450B. A. Gray silty clay with silt laminae (9R-1, 65-97 cm). B. Bioturbated calcare-
ous claystone with nannofossils (11R-1, 15-47 cm). C. Parallel laminated silty clay and parallel laminated interbeds of silt (12R-2, 59-91 cm). D. Siltstone with
organic fragments and mud clasts (21R-1, 24-56 cm). E. Normally graded siltstone with organic fragments (22R-1, 10-42 cm).
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Description

Clay is gray and frequently mottled and sometimes contains in-
terbeds of thin to very thin bedded silt, displaying parallel lamina-
tions in places and rare medium-bedded interbeds of burrowed
sand. Silty clay is frequently parallel laminated and rarely interbed-
ded with parallel-laminated silt (Figure F11C). Clayey silt and silt
frequently contain organic matter and sometimes display lamina-
tions and thin beds of clay. The one thin-bedded, burrowed lime-
stone interval in Section 16R-2 contains thin interbeds of clay.
Drilling disturbance is mainly expressed as biscuiting in the upper
part of the unit (to Core 14R), and below that point, fracturing is
pervasive to the bottom of the unit. One void (Section 16R-3) and
one soupy interval (Section 17R-CC) were also observed.

Composition from smear slides
See Figure F10 for representative smear slide images.

Silty clay and nannofossil-rich clay

Silty clay mainly includes detrital grains and occasional calcare-
ous nannofossils and radiolarian fragments. Nannofossil-rich clay
consists mainly of clay minerals with a large amount of calcareous
nannofossils and minor radiolarians, diatoms, and their fragments.

Silty sand

Silty sand consists primarily of quartz, feldspar, lithic fragments,
mica, and heavy minerals. Grains are angular in some horizons, ex-
cept for altered mica. As accessory minerals, amphibole, garnet, zir-
con, tourmaline, sphene, and opaque minerals are recorded. The
lower section of this unit contains fewer heavy minerals than the
upper section. Most of the sandy silt sections contain plant and
wood fragments along with altered micas. Occasionally, euhedral
carbonate minerals and aggregate grains of carbonate minerals are
found.

The maximum grain size is 0.39 mm in diameter (18R-1, 67 cm;
763.97 m CSE-A).

Unit XXIII

Interval: Hole U1450A not recovered; 354-U1450B-19R-1, 5 cm,
to 20R-1, 39 cm

Depth: 773.05-783.09 m CSF-A

Age: late Miocene

Lithology: limestone (major); calcareous claystone, siltstone,
claystone (minor)

Description

Limestone is commonly burrowed and in its upper part contains
thin interbeds of burrowed claystone. Clayey limestone is also com-
monly burrowed and displays thin interbeds of limestone and clay-
stone. Mottling was observed in both interbedded lithologies.
Siltstone contains organic material, and claystone contains thin in-
terbeds of siltstone, commonly mottled. Drilling disturbance is ex-
pressed as fracturing.

Unit XXIV

Interval: Hole U1450A not recovered; 354-U1450B-20R-1, 39
cm, to 22R-CC

Depth: 783.09-804.86 m CSF-A

Age: late Miocene

Lithology: claystone (major); siltstone, sandstone, calcareous
claystone (minor)
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Description

Claystone displays frequent mottling and rare parallel lamina-
tions and contains uncommon thin interbeds of mottled siltstone.
Siltstones invariably contain organic fragments, apart from Section
22R-1. Mud clasts (Section 21R-1; Figure F11D) and fining upward
(Section 22R-1; Figure F11E) were also observed in the siltstones.
Siltstones are interbedded with very thin beds of clay (Section 21R-
1) and very thin beds of parallel laminated silt (Section 22R-2). The
fine sand layer (Section 22R-1, 1-14 c¢cm) is homogeneous, and the
calcareous claystone layer (Section 22R-1, 33—55 cm) is burrowed.
Drilling disturbance is characterized by fracturing and biscuiting,
and the sand layer is soupy.

Composition from smear slides
See Figure F10 for representative smear slide images.

Sandy siltstone

Sandy siltstone consists mainly of quartz, feldspar, lithic frag-
ments, mica, and heavy minerals. Heavy minerals such as amphi-
bole, tourmaline, garnet, zircon, zoisite, sillimanite, and opaque
minerals are found. Heavy minerals are comparatively lower in pro-
portion to sand higher in the unit. Samples at 784.50 and 794.24 m
CSF-A include large amounts of plant debris and wood fragments
and a minor amount of calcareous nannofossils. Occasionally, euhe-
dral carbonate minerals and aggregate grains of carbonate minerals
are found.

The maximum grain size is 0.33 mm in diameter (22R-1, 31 cm;
802.41 m CSF-A).

Maximum grain size

Maximum grain size was determined at approximately 8 m in-
tervals at Site U1450 (Figures F12, F13). In each core, the coarsest
and/or thickest lithology (generally from the base of the coarsest
turbidite) was chosen for smear slide analysis, and the largest five
equant detrital grains (quartz and feldspar) were measured. The
maximum grain size ranges from 0.03 to 0.95 mm (coarse silt to
coarse sand) and corresponds to the sand layer at the base of Unit
XVI at 354-U1450A-124F-2, 85 cm. However, background values
throughout the sequence show that coarse silt-sized material
reached the fan setting at Site U1450 via turbidity currents since at
least the late Miocene.

XRD

Samples were taken for XRD analysis at an interval of approxi-
mately one every four cores. Clay minerals were extracted from rep-
resentative lithologies (sand, silt, clay, and calcareous clay).

In Hole U1450A, the observed clay mineral assemblages are
mainly composed of illite, chlorite, smectite, and kaolinite (Figure
F14). Minor sepiolite was detected in some samples, probably be-
cause of injections of drilling mud during coring. Illite is the domi-
nant clay mineral in calcareous clay, clay, and sand samples (average
= 65%). Only calcareous clay samples show a relatively higher pro-
portion of smectite (around 15% smectite content), whereas sand
generally does not contain any smectite. The clay assemblage ob-
served in Hole U1450A in the different lithologies shows no evolu-
tion with depth (Figure F15), suggesting relatively stable sources
and/or transport processes. This assemblage appears similar to the
illite-chlorite—rich clay assemblage documented in the distal fan
(Bougquillon et al., 1990). Unlike the upper Miocene—Pliocene sec-
tion of ODP Leg 116, no smectite-rich sediments were observed in
the turbidite in Hole U1450A.

No data are currently available for Hole U1450B.
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Figure F12. Maximum grain size, Hole U1450A. Figure F13. Maximum grain size, Hole U1450B.
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Figure F14. Ethylene glycol-treated X-ray diffractograms of oriented clay Figure F15. Semiquantitative clay mineral proportions, Site U1450.
aggregates. Yellow ovals = sample locations.
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Biostratigraphy

Calcareous nannofossils and planktonic foraminifers provide
biostratigraphic constraints at Site U1450. Overall, the abundance
and preservation of these microfossils is highly variable. Eighteen
biomarkers were identified at this site, and they were used to con-
struct 4 foraminifer and 11 nannofossil biozones extending back to
the late Miocene. These biozones are listed in Table T3 and are inte-
grated into the figures in Stratigraphic synthesis.

Calcareous nannofossils

The distribution of calcareous nannofossils is shown in Tables
T4 and T5. In total, 101 samples from Hole U1450A and 25 samples
from Hole U1450B were observed and their relative abundances re-
corded. Nannofossil abundances range from barren in the coarser
grained samples to very abundant in the oozes and hemipelagic
muds.

Based on nannofossil biostratigraphy, Site U1450 extends to the
late Miocene. In Hole U1450A, ten nannofossil biozones were iden-
tified, with one first occurrence (FO) and seven last occurrences
(LO) delineating the zones. The remaining two biozones were gap
zones, identified by the absence of biomarker species. In Hole
U1450B, three nannofossil biozones were identified, with two sub-
zones in nannofossil Zone NN11. The overlap sections of Holes
U1450A and U1450B require further work to correlate the sections,
but the Zone NN12/NN11 boundary was observed at 653.43 m
CSF-A in Hole U1450A and at 663.35 m CSF-A in Hole U1450B.

Pleistocene biomarkers include the FO of Emiliania huxleyi in
Sample 354-U1450A-5H-CC, the LO of Pseudoemiliania lacunosa
in Sample 11H-CC, and the LO of Discoaster brouweri in Sample
56F-CC. Pliocene and lower Miocene biozones are dominated by

Site U1450

the genus Discoaster. The biomarkers for Zones NN17 (Discoaster
pentaradiatus) and NN16 (Discoaster surculus) are found in Sam-
ples 82F-1, 108—109 cm, and 92F-CC, respectively.

The bottom of the hole is assigned to the late Miocene (Zone
NN11) based on the presence of Discoaster quinqueramus and the
absence of Discoaster berggrenii. The FO of Amaurolithus primus
and the first common occurrence (FCO) of D. surculus, both tenta-
tively identified in Hole U1450B, suggest that the sediments recov-
ered extend back older than 7.8 Ma.

Planktonic foraminifers

At Site U1450, planktonic foraminifer assemblages are charac-
teristic of tropical-subtropical environments. The planktonic fora-
minifer biostratigraphy for Site U1450 is generated primarily by
analysis of core catcher samples. Supplementary samples were
taken from core sections when time permitted or when no foramin-
ifers were found in the core catcher. Twenty-five samples were ex-
amined from Hole Ul450B to constrain species ranges during
intervals of nonrecovery in Hole U1450A and to extend the record
to greater depth. The sedimentary succession at this site ranges
from Subzone PT1b (Pleistocene) to Zone M14 (late Miocene) and
agrees with the nannofossil biostratigraphy. A number of primary
and secondary markers were absent in Site U1450 samples or had
insufficient abundances to provide robust stratigraphic control;
these included Globorotalia (Truncorotalia) truncatulinoides, Glob-
orotalia cibaoensis, Globorotalia multicamerata, and Pulleniatina
primalis.

The group and species abundances of planktonic foraminifers
are shown in Tables T6 and T7. Sandy samples are predominantly
barren (or contain <0.1% foraminifers), whereas mud-rich and
hemipelagic samples have foraminifers in abundances ranging from

Table T3. Biostratigraphic age datums and midpoint calculations, Site U1450. FO = first occurrence, LO = last occurrence, LCO = last common occurrence.

Download table in .csv format.

Top core, Bottom core, Top Bottom Midpoint Depth
section, interval  section, interval GTS2012 depth depth depth CSF-A (m)
(cm) (cm) Zone Marker event age(Ma) CSF-A(m) CSF-A(m) CSF-A(m) +
Planktonic foraminifer datums (Wade et al., 2011):
354-U1450A- 354-U1450A-
32F-CC 34F-CC PT1b LO Globorotalia tosaensis 0.61 156.66 166.46 161.56 4.90
94F-CC 98F-CC PL4 LO Dentoglobigerina altispira 347 450.74 465.40 458.07 7.33
98F-1W, 15-20  114F-CC PL3 LCO Sphaeroidinellopsis seminulina 3.59 465.35 541.33 503.34 37.99
354-U14508- 354-U14508B-
7R-CC 8R-CC M14 LO Globoquadrina dehiscens 5.92 660.45 666.40 663.43 297
Calcareous nannofossil datums (Gradstein et al., 2012):
354-U1450A- 354-U1450A-
3H-CC 4F-CC NN21 FO Emiliania huxleyi 0.29 18.56 23.47 21.02 2.46
4F-CC 11F-3,46-46 NN20 Gap zone
11F-3, 46-46 11F-CC NN19 LO Pseudoemiliania lacunosa 0.44 56.37 56.75 56.56 0.19
54F-CC 56F-CC NN18 LO Discoaster brouweri 1.93 261.13 270.64 265.89 4.75
81F-CC 82F-1,108-109  NN17 LO Discoaster pentaradiatus 239 385.34 390.38 387.86 2.52
90F-CC 92F-CC NN16 LO Discoaster surculus 249 431.20 441.69 436.45 5.25
114F-CC 115F-CC NN15-NN13  LO Reticulofenestra pseudoumbilicus 3.70 541.27 542.19 541.73 0.46
128F-2,29-30 128F-CC CN10c LO Amaurolithus primus 450 619.20 619.80 619.50 0.30
128F-CC 133X-CC CN10a-b Gap zone
133X-CC 134X-2, 58-59 NNT1 LO Discoaster quinqueramus 5.59 647.97 658.89 653.43 5.46
354-U14508B- 354-U14508B-
6R-CC 7R-CC NN15-NN13  LO Reticulofenestra pseudoumbilicus 3.70 646.90 660.40 653.65 6.75
7R-CC 8R-CC NNT1 LO Discoaster quinqueramus 5.59 660.40 666.30 663.35 295
10R-CC 11R-1,36-37 NN11c LO Nicklithus amplificus 5.94 686.27 695.76 691.02 4.75
11R-1,36-37 11R-CC FO Nicklithus amplificus 6.91 695.77 700.50 698.14 237
19R-CC 20R-1,21-22 NN11b FO Amaurolithus primus 742 776.94 782.91 779.93 2.98
21R-CC 22R-CC LCO Discoaster surculus 7.79 795.07 804.76 799.92 4.84
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Table T4. Calcareous nannofossils, Hole U1450A. Download table in .csv
format.

Table T5. Calcareous nannofossils, Hole U1450B. Download table in .csv
format.

Table T6. Planktonic foraminifer group and species abundance, Hole
U1450A. Download table in .csv format.

Table T7. Planktonic foraminifer group and species abundance, Hole
U1450B. Download table in .csv format.

rare (<5%) to abundant (>25%). Foraminiferal preservation ranges
from poor to good in samples where foraminifers occur. Foramin-
iferal preservation decreases from the Pleistocene into the Pliocene,
and in samples where preservation was poor, assemblages are dom-
inated by dissolution-resistant species (e.g., Globorotalia spp., Pul-
leniatina spp., and Sphaeroidinellopsis spp.), indicating an altered
assemblage. Fragmentation of planktonic foraminifers, which can
be caused by chemical dissolution or mechanical processes, ranges
from light to very severe and was particularly intense in carbonate
oozes.

Surface water species (Globigerinoides ruber, Globigerinoides
sacculifer, and Neogloboquadrina dutertrei) are more abundant than
deepwater species (Globorotalia menardii, Globorotalia tumida,
and Sphaeroidinella dehiscens) in Holocene and Pleistocene assem-
blages. In contrast, deepwater species (G. tumida and Sphaeroid-
inellopsis seminulina) are more abundant in the Pliocene
assemblages compared to surface water species. Benthic foramini-
fers are rare throughout the site (Tables T6, T7).

Foraminifers are reworked in some samples, so biomarker dates
were determined using the last common occurrence (LCO) rather
than the LO. This allowed us to construct workable biozonations.
The LCO of Globorotalia tosaensis in Sample 354-U1450A-34R-CC
marks the transition from Zone PT1b above to Zone PT1a below
(0.61 Ma). Unfortunately, biomarkers for Zones PL6 (Globigerinoi-
des fistulosus) and PL5 (Globorotalia pseudomiocenica and Glob-
orotalia miocenica) were not found. The LCO of Dentoglobigerina
altispira in Sample 98F-CC marks the transition to Zone PL4 (3.47
Ma), which is followed by the transition to Zone PL3 in Sample
114F-CC with the LCO of S. seminulina (3.59 Ma). Zones PL2 and
PL1 could not be defined at Site U1450 because of the absence of
key marker species Globorotalia margaritae and Globorotalia ne-
penthes. However, examination of samples from Hole U1450B indi-
cates that the LO of Globorotalia dehiscens is between Samples 354-
U1450B-7R-CC and 8R-CC (666.4 m CSF-A), marking the top of
Zone M14.

The group and species abundances of planktonic foraminifers
are shown in Tables T6 and T7.

Paleomagnetism

We completed a preliminary paleomagnetic study on 36 of the
86 cores collected from Hole U1450A, focusing on identifying po-
larity reversals, particularly in pelagic and hemipelagic units, and
evaluating the prospect of obtaining useful paleomagnetic data
from levee and interlevee deposits. In addition, we obtained paleo-
magnetic data from all 21 cores collected from Hole U1450B. Inter-
preting the data from the unoriented Hole U1450B cores will
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require additional postexpedition work, so this section will focus on
the cores from Hole U1450A.

At the low latitude of Site U1450, where the geocentric axial di-
pole (GAD) approximation to the magnetic field predicts a low in-
clination (15.7°), orientation is important for polarity interpretation.
Cores 1H-3H were azimuthally oriented using the FlexIT tool. The
newer Icefield MI-5 tool was not run because of potential hard im-
pacts on the APC core barrel when encountering hard or sandy for-
mations shallow in the hole. All other cores are unoriented. Because
of the small number of cores with orientation data, the declinations
we report here are not azimuthally oriented. Declination data were
used in some cases to identify whether polarity transitions occur
within cores. However, declinations measured on unoriented cores
may allow reorientation of the cores for future magnetic anisotropy
studies.

Cores from Hole U1450B were collected with the RCB system,
which rotates core pieces independently of each other; nonmag-
netic core barrels were used for all cores. Although structural fea-
tures such as dipping beds allow pieces to be oriented relative to one
another in some cases (see Paleomagnetism in the Expedition 354
methods chapter [France-Lanord et al., 2016a]), such features are
difficult to interpret in cores from Hole U1450B. Declination, there-
fore, is of limited use in identifying magnetic polarity in Hole
U1450B.

Remanent magnetization measurements were made on archive
section halves (Nections = 108) and on discrete samples from the
working section halves (Nj,mpes = 52) from Hole U1450A (Figures
F16, F17; Tables T8, T9). An additional 42 section halves and 11
discrete samples were measured from Hole U1450B. Paleomagnetic
results from Hole U1450B samples are not discussed further be-
cause of the orientation issues described above. The natural rema-
nent magnetization (NRM) of archive section halves was measured
on the shipboard superconducting rock magnetometer (SRM) be-
fore and after 20 mT alternating field (AF) demagnetization. In
some cases, magnetizations after additional 10 and 15 mT AF treat-
ments were measured. Remanent magnetization vectors measured
after 20 mT demagnetization are used for the polarity interpreta-
tion. Sections where sediment was watery or heavily disturbed by
the coring process were not measured (see Paleomagnetism in the
Expedition 354 methods chapter [France-Lanord et al., 2016a]). Al-
though most sections were measured at 2.5 cm intervals, some sec-
tions, particularly sections identified as calcareous clay (see
Lithostratigraphy), were measured at 1 cm intervals. Sandy, soupy,
and deformed intervals, as well as tops of cores and edges of sec-
tions likely to be affected by edge effects, were not interpreted (see
Paleomagnetism in the Expedition 354 methods chapter [France-
Lanord et al.,, 2016a]). We calculated Fisher (1953) statistics for
measurements from each section (after 20 mT AF demagnetization)
to guide our interpretation of archive section half data.

Discrete sample locations were chosen in fine-grained intervals
where drilling deformation was not visible or minimal. These sam-
ples were measured on the JR-6 spinner magnetometer before and
after 10, 15, 20, 25, 30, 35, 40, and in some cases 50, 60, 80, and/or
100 mT AF demagnetization, with a measurement protocol de-
signed to minimize gyroremanent magnetization (GRM) and an-
hysteretic remanent magnetization (ARM) used above 40 mT
(Table T8; see Paleomagnetism in the Expedition 354 methods
chapter [France-Lanord et al., 2016a]). AF steps ranging between 10
and 40 mT were included in the principal component analysis
(PCA) direction determination for all samples. Specific steps were
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Figure F16. NRM of archive section halves and discrete samples before and after 20 mT AF demagnetization, Hole U1450A. Light gray dots = before demagne-
tization. Dark gray circles = intervals that do not meet quality criteria (see Paleomagnetism in the Expedition 354 methods chapter [France-Lanord et al.,
2016a]). Blue dots = calcareous clay, black dots = other lithology. Inclination and declination: dark green dots = principal component directions from discrete
samples. Inclination: gray lines either side of 0° = expected inclinations from GAD. Declination: yellow = oriented cores. Declinations are in a geographic refer-
ence frame only where orientation data are available. Intensity: intensity of magnetization before and after demagnetization. Light green dots = before
demagnetization, dark green dots = after demagnetization. Magnetic susceptibility (MS) = point measurements on archive section halves.
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chosen based on the demagnetization behavior of each sample. Dis- The majority of NRM inclinations are GAD-like after 20 mT de-
crete samples with characteristic remanent magnetization (ChRM) magnetization (mode = 14.4°), although a substantial number of in-
vectors that deviate from the origin by more than 10° or with maxi- clinations remain steep even after demagnetization. Gradual NRM
mum angular deviation angles of more than 15° were not used to declination trends in several APC cores were caused by twisting of
guide our magnetostratigraphic interpretation. the core, possibly due to rotation of the core barrel as it enters the
sediment.
Results
Paleomagnetic results from both section-half and discrete mea- MagnetOStratlgraphy
surements are presented in Figures F16 and F17 and Tables T8 and Based on section-half and discrete sample data, we interpret the
T9. Similar to Site U1449, both positive and negative inclinations paleomagnetic data from Hole U1450A to indicate intervals of both
are present in Hole U1450A, and NRM intensities range from 5 x normal and reversed polarity, as well as intervals in which the polar-
10 to 1.3 A/m. Drilling overprint is in most cases removed by AF ity is uncertain (Table T10). We identify five normally magnetized
demagnetization in peak fields of 10 mT. Coercivities of the rema- cores (1H, 20F, 32F, 34F, and 42F) and one core with mixed polarity
nence carriers are consistent with magnetite and/or titanomagne- (36F) based principally on inclination data. Section-half data from
tite as the principal NRM carrier. The specific magnetic mineral one additional core (2H) indicate normal polarity, but discrete sam-
assemblages are discussed in detail below (see Stability of rema- ples have GAD-like negative (reversed) inclinations. Cores 52F and
nence). 62F may contain reversely magnetized sections (with negative incli-
The paleomagnetic records of the calcareous clay units are less nations), even though the discrete samples from these cores are
variable than the paleomagnetic records from levee and interlevee normally magnetized. In particular, Section 52F-2 contains two suc-
deposits, both because of the more or less continuous nature of pe- cessive 180° changes in declination. Based on section-half inclina-
lagic deposition and the rock magnetic characteristics of the two tion data and a discrete sample (52H-2, 56—58 cm), we propose that
types of units. Calcareous layers, the thickest of which occur in this is a brief normal episode. It is difficult to put this polarity zone
Cores 1H, 2H, 34F—-36F, and 92F, are associated with NRM intensi- in context, as Section 52F-1 is largely influenced by very high mag-
ties at least an order of magnitude lower than the rest of the section. netization due to an ash layer at the top of the core. Paleomagnetic
Discrete samples from Core 36F were taken in carbonate-rich hori- data from the other cores are not interpretable.

zons. Their NRM intensities were too low to be measured on board.
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Figure F17. AF demagnetization diagrams (Kirschvink, 1980) of three dis-
crete samples, Cores 354-U1450A-1H through 62F. Points = projected end-
points of remanent magnetization vector measured for each sample in core
coordinates (azimuth not oriented). Samples selected in similar lithologies
present similar behavior downhole. A, B. Typical demagnetizations indicat-
ing positive or negative inclinations. Two samples were selected in two dif-
ferent lithologies in the most recent core. The ChRM of (A) the sample from a
hemipelagic sequence has a positive inclination; (B) the sample from a turbi-
dite sequence has a negative inclination. C. Sample affected by GRM or ARM
during AF demagnetization, mainly after a 40 mT peak field.
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Table T8. ChRM of discrete samples, Holes U1450A and U1450B. Download
tablein .csv format.

Table T9. Orientation data, Hole U1450A. Download table in .csv format.

Site U1450

Many of the identifiable polarity zones coincide with calcareous
clay units. In particular, the mixed polarity interval in Core 36F
bears closer inspection (Figure F18). Four polarity transitions
within Core 36F are associated with large changes in declination.
Paleomagnetic directions following 20 mT demagnetization from
Section 36F-2 have nonrotated declinations that vary around 360°
and variable inclinations. Near the base of Section 36F-2, sediments
have a more stable positive mean inclination and a mean declination
close to 160°. We interpret this as a polarity reversal near the section
break between reversed polarity in the upper part of Section 36F-2
and normal polarity in the lower part of Section 36F-2 and the up-
per part of Section 36F-3. Near the base of Section 36F-3 and in
Section 36F-4, the declination swings to values around 330°, which
we interpret as a transition back to reversed polarity. We interpret
the longer normal polarity zone in Core 36F to be the normal polar-
ity Jaramillo Subchron (Clr.1n). We note that a polarity transition
interpreted as the Jaramillo Subchron was found in a similar calcar-
eous ooze unit in Hole U1449A along with the Brunhes/Matuyama
boundary and the short polarity interval interpreted as the Cobb
Mountain Subchron. The thickness of the Jaramillo Subchron at
both sites is similar and suggests sedimentation rates within the
subchron of around 1.4 cm/ky at Site U1450 and 1.6 cm/ky at Site
U1449. Extrapolation of these sedimentation rates and correlation
of physical property data suggest the Cobb Mountain Subchron, as
identified at Site U1449, would be located in the core catcher of
Core 36F. Although we treat magnetic remanence measurements of
core catchers with skepticism, we measured the core catcher be-
cause no major coring deformation was observed by either the pa-
leomagnetists or sedimentologists. We observed two large swings in
declination that we interpret as the boundaries of the Cobb Moun-
tain Subchron. Like the Jaramillo Subchron, the thickness of this
subchron is comparable to the thickness found at Site U1449 and
suggests similar sedimentation rates for the carbonate ooze unit be-
tween sites.

Stability of remanence

We note that positive inclinations are much more prevalent in
our data set than negative inclinations. Previous work notes the
prevalence of normal magnetization in Bengal Fan International
Ocean Discovery Program (IODP) cores (e.g., Clemens et al., 2016)
in addition to the vertical drilling overprint generally removed at
low demagnetization steps. Our observations suggest that this is
also the case for cores recovered at Site U1450, as inclinations in re-
versed polarity intervals tend to be around 0° in Core 36F.

The demagnetization behavior of discrete samples from Site
U1450 suggests two possible explanations for this behavior. AF de-
magnetization in peak fields less than 20 mT was sufficient to re-
move a large component of magnetization, likely associated with
the drill string overprint (Figure F17). In addition, a substantial
number of discrete samples acquired an ARM or a GRM during AF

Fisher Mean
Azimuthal ori- mean declina- oriented decli-
Core entation tion nation
Hole Core type ©) ©) ©) Comments
A 1 H 333.0 126.3 99.3 Directions from 20 mT step after removing section edges and disturbed intervals
A 2 H 230.2 164.3 345 Directions from 20 mT step after removing section edges and disturbed intervals
A 3 H 333.0 Core not run because of high drilling disturbance
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Table T10. Magnetostratigraphy, Hole U1450A. Download table in .csv format.

Site U1450

Polarity interval ~ Top chron/
top depth subchron age
CSF-A (m) (Ma) Chron/subchron Comments
0.00 0.000 Brunhes (C1n)

173.30 0.988 Jaramillo (C1r.1n) Section 36F-2, 100 cm
174.60 1.072 Matuyama (C1r.2r) Section 36F-3,70 cm
175.70 1.173 Cobb Mountain (C1r.2n) End of Section 36F-4
175.90 1.185 Matuyama (C1r.3r) Section 36F-CC, 25 cm

248.38-248.51

Normal polarity, chron unknown

Core 52F, see text for details

Figure F18. Polarity interpretation, Core 354-U1451A-36F. Circles = measurements that do not pass quality control criteria. Blue dots = calcareous clay, black
dots = other lithology, green dots = measurements on discrete samples. Declination is rotated and illustrates magnetostratigraphic interpretation. A single
vertical axis rotation was applied to the entire core so that points interpreted as normal polarity plot near the 0° line. Intensity = intensity of magnetization
after 20 mT AF demagnetization. Magnetic susceptibility (MS) = point measurements on archive section halves. Polarity: black = normal, white = reversed, gray

= uncertain. Geomagnetic polarity timescale (GPTS) of Gradstein et al. (2012).
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demagnetization. Although we do not offer an explanation for the
inclination bias in our data at this time, explanations may include a
component of the drilling overprint that is not completely removed
by AF demagnetization at 20 mT, acquisition of GRM or ARM
during AF demagnetization, chemical remanent magnetization
(CRM) associated with an authigenic magnetic mineral, tectonic, or
syndepositional deformation, or a persistent feature of the geomag-
netic field. Here we briefly discuss the first two of these possibilities,
but we plan to assess these and others in greater depth in postex-
pedition work.

If a relatively high coercivity NRM component is responsible for
the normal polarity bias, remanent magnetization vectors of dis-
crete samples that contain this component should not decay toward
the origin. We use the statistic o to refer to the angle between the
unanchored principal component direction and a principal compo-
nent direction anchored to the origin. Samples with high values of «
do not have remanence directions that decay toward the origin. If
high values of « are the result of a component of magnetization that
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is not removed by the AF treatments we use, the amount of rema-
nence remaining at a high AF field value should be proportional to
o. Median destructive field (MDF), a common indicator of the sta-
bility of remanence, is only very weakly correlated with « (R?
0.0226). However, MDF may be more indicative of a sample’s drill-
ing overprint than of its coercivity spectrum, as many samples have
a drilling overprint that constitutes more than 50% of their NRM.
As an alternative statistic, we define

Ry = NRM ,o/NRM,.

In the equation above, NRM,, and NRM,, refer to the NRM re-
maining after AF demagnetization in a peak field of 20 and 40 mT,
respectively. As with MDE, R, is not well correlated with o (R?
0.1791, including discrete samples from Holes U1450A and
U1450B). This preliminary analysis, then, suggests that the high val-
ues of a are not related to the presence of a second component of
NRM. This does not necessarily exclude the possibility of a compo-
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nent that could be removed using higher peak AFs, but it does sug-
gest that a simple model of overprinting does not account for the
demagnetization behavior of discrete samples from Site U1450.

We suggest, as an alternative explanation, that the normal polar-
ity bias (and the high values of a) may be related to the acquisition
of remanence during AF demagnetization. We note that some sam-
ples acquire a much greater GRM or ARM than others, and that,
anecdotally, this appears to be less common in lighter colored cal-
careous units than in levee and interlevee deposits. This may be re-
lated to differences in magnetic carriers between the two
lithologies, which we plan to explore in greater depth at future sites
and in postexpedition research.

Geochemistry and microbiology
Hydrocarbon gas sampling and analysis

Headspace gas samples were taken at a frequency of one sample
per core in Holes U1450A and U1450B as part of the routine safety
monitoring program (Table T11). Methane concentrations were
consistently low (<5 ppmv) between 4.5 and 39 m CSF-A in Hole
U1450A, increased to 19,482 ppmv at 72 m CSF-A, remained high
(between 2,566 and 34,511 ppmv) to 371.7 m CSF-A, and then de-
creased again to values <3,000 ppmv to the base of Holes U1450A
(686 m CSF-A) and U1450B (802 m CSF-A). Quantifiable levels of
ethane (0.2 and 0.9 ppmv) were found in 12 samples. Methane/eth-
ane ratios were in the 1,000 to 100,000 range, decreasing logarith-
mically with depth (i.e, temperature). Ethene, propane, and
propene were below the quantification limit in all samples.

Interstitial water sampling and chemistry

A total of 52 samples from Hole U1450A were analyzed for in-
terstitial water chemistry (Table T12; Figure F19). They consist of

Table T11. Methane concentrations, Holes U1450A and U1450B. Download
table in .csv format.

Table T12. Interstitial water geochemical data, Site U1450. Download table
in .csv format.

Site U1450

48 different core intervals from Hole U1450A. Six samples were ob-
tained using Rhizon sampling when sediments were soft enough (to
a maximum depth of 630 m CSF-A). The rest were obtained by
squeezing whole-round samples that were generally 5 cm long. The
applied squeezing pressures never exceeded 28,000 psi, and the
amounts of extracted interstitial water ranged between 4 and 40
mL.

In addition, several tests were performed to assess potential
contamination by the surface seawater used for the drilling fluid.
The latter was sampled on the rig floor at the injection pipe (while
coring at around 300 m CSF-A). We also sampled the water (either
clear or muddy) above the core in the core liner in Cores 50F and
133X; the water was sampled and filtered following the normal pro-
cedures for pore water analyses. Also, the last 15 mL of one Rhizon
sample (630 m CSF-A) and one whole-round squeeze (402 m CSF-
A) were kept separate to test the potential evolution by contamina-
tion due to draining drilling fluid in the formation when Rhizon
sampling or by ultrafiltration during squeezing. The results of these
tests are reported in Figure F19 at an arbitrary depth of 30 m above
the seafloor to keep them fully separated from the data on intersti-
tial water. The results are listed in Table T12 and show that drilling
fluid at point of injection bears all the characteristics of surface sea-
water: low in salinity and alkalinity, high in sulfate and magnesium
content, and phosphate and dissolved silica close or below detection
limit. The salinity is higher than literature data for the site—34.8 in-
stead of 33.7 (Chatterjee et al., 2012)—and is likely to be related to
local effects of the stationary position of the R/V JOIDES Resolution
and sampling location rather than analytical inaccuracy. The two
free-flowing water samples recovered from the top of the core liner
have nearly identical chemical fingerprints as the drilling fluid at the
point of injection (only dissolved silica content has been found sig-
nificantly different in the muddy free-flowing water). Unlike in Hole
U1449A, the tests of the homogeneity of Rhizon sampling or
squeezing showed negligible difference between the aliquots of in-
terstitial water sampled at 402 and 630 m CSF-A (Table T12).

Based on the rate of change of cation and anion content with
depth and changes in their covariations, four hydrologic units are
distinguished at Site U1450 (Figure F19). For the uppermost unit,
the bottom limit is rather vague because no suitable sediment for

Figure F19. Variations of salinity, bromide, sulfate, phosphate, alkalinity, magnesium, calcium, sodium, potassium, and silicon concentrations in interstitial

waters, Site U1450.
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interstitial water sampling (only soupy sand) was recovered between
10 and 83 m CSF-A. In this upper portion of the sediment column
(0 to 40-70 m CSE-A), biogenic processes release dissolved phos-
phate and consume sulfate, with sulfate content reaching 0.7 mM at
the bottom of this unit. This sulfate concentration is the lowest
measured at this site, and many are below or close to 1 mM. Consid-
ering the measurement of the drilling fluid at the injection site, a
sulfate content of 0.7 mM corresponds to less than 2.5% of contam-
ination by drilling fluid. This small amount of contamination is
likely due to incomplete removal of contaminated sediment when
trimming the whole-round sample core before squeezing, and sul-
fate content <1.4 mM (a threshold of 5% contamination) is thus con-
sidered insignificant throughout this volume. Together with sulfate
reduction, a corresponding increase in alkalinity and decrease in Ca
and Mg results from carbonate formation from biogenic reactions
that generate alkalinity. Salinity is 1 unit higher than the bottom
seawater of the Bay of Bengal at 8°N (Levitus94 at http://iridl.ldeo.
columbia.edu) and barely changes in this unit. The limits between
the lower units are diffuse around 215 and 410 m CSF-A (Figure
F19).

Hydrologic Unit II, between 40—70 and 215 m CSF-A, is charac-
terized by negligible sulfate content, a strong decline in magnesium
and potassium concentrations, an overall decline (although quite
variable) in phosphate, and a strong rise in alkalinity content (from
3.7 to 11.7 mM). Calcium content is lower than that of seawater and
compared to the upper unit but rises slightly from the top to bottom
of the unit, where dissolved silica reaches maximum concentration
(>1000 uM) for this hole at 174 m CSE-A. It is worth noting the
near-constant salinity. Below 215 m CSF-A, hydrologic Unit III is
characterized by a continuing decline in magnesium content, a drop
in silica content to values lower than 200 uM with a few spikes, and
a drop in alkalinity from peak values of 11.7 to 4.3 mM. This unit is
characterized by exchange reactions and diffusion controlled by
boundary conditions of the pore water chemistry of the two adja-
cent units. Unit IV, below 410 m CSE-A, is also characterized by dif-
fusion-driven processes inducing only significant and sudden
changes in the calcium and sodium concentrations and salinity. Sul-
fate content increases slightly toward the bottom of the hole, reach-
ing around 3.6 mM. For all other elements, the second-order
variations in content with depth could be related to incomplete de-
contamination of drilling fluid (Figure F19).

Bulk-sediment geochemistry

Inorganic carbon

Total inorganic carbon (TIC) and total carbon (TC) concentra-
tions were determined on 96 sediment samples from Holes U1450A
and U1450B (Table T13; Figures F20, F21). TIC values range from
0.1 to 7.6 wt% (average = 1.1 wt%). TIC expressed as weight percent
calcium carbonate (CaCQj) (i.e., assuming all inorganic carbon is
present only as CaCO;) ranges between 1.2 and 63.2 wt% (average =
9.3 wt%). Turbiditic sediments are characterized by consistently low
carbonate content (1.2 to 15.1 wt%; average = 4.9 wt%). A few tur-
biditic sediments (N = 4) with elevated carbonate content actually
correspond to bioturbated clay intervals at the top of turbiditic se-
quences (i.e., top of Unit E of the Bouma sequence). Apart from
these isolated cases, the carbonate content of turbiditic sediments
increases sharply at ~620 m CSF-A from values varying between 1.2

Table T13. TIC, CaCO,, TC, and TOC contents, Holes U1450A and U1450B.
Download table in .csv format.
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and 8.1 wt% (average = 3.8 wt%) above 620 m CSF-A to values cov-
ering a much narrower range (6.0-9.1 wt%; average = 7.3 wt%) be-
low 620 m CSF-A. This correlates well with the rise in carbonate
content observed between 125 and 175 m CSF-A at Site U1451 and
between 300 and 450 mbsf at DSDP Site 218 (von der Borch, Sclater,
et al., 1974). At all three sites, this increase in carbonate content oc-
curs near the Miocene—Pliocene transition according to published
data (Site 218: von der Borch, Sclater, et al., 1974; Galy et al., 2010)
or preliminary age-depth models (Sites U1450, U1451, and U1455).
Pelagic and hemipelagic intervals (described as calcareous clay and
limestone in Lithostratigraphy) are characterized by variable car-
bonate contents (2.3—-63.2 wt%). These lithologies have higher aver-
age carbonate contents (average = 34.9 wt%) than turbiditic
sediments, but their carbonate contents are often statistically indis-
tinguishable from those of turbiditic sediments.

Figure F20. TIC content expressed as CaCO,, Holes U1450A and U1450B.
Pelagic and hemipelagic deposits correspond to calcareous clay and calcare-
ous claystone in the lithostratigraphy. Note that these lithologies do not
have carbonate content systematically >15%.
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TC values range from 0.2 to 8.3 wt% (average = 1.5 wt%). Total
organic carbon (TOC) content of sediments, calculated by the dif-
ference between TC and TIC, is systematically low (average = 0.4
wt%), ranging between <0.1 and 1.2 wt% (Figure F21). In contrast,
woody debris picked from a turbidite sequence (specifically from
Unit B of the Bouma sequence) has high TOC (51.1 wt%; N =1). The
lack of significant C enrichment compared to living biomass (i.e.,
TOC =~ 48-53 wt%) suggests that this woody material has under-
gone minimal thermal alteration and diagenesis (i.e., processes re-
sulting in the preferential loss of H and O). Two samples
representing mixtures of coarse (silt) turbiditic material and hemi-
pelagic clay have low TOC values (0.1-0.2 wt%). The remainder of
pelagic and hemipelagic sediments (N = 12) have TOC values rang-
ing from 0.3 to 0.8 wt% and decrease systematically with depth (Fig-
ure F21). A similar but much steeper decline was observed at Site
U1451. Overall, this could either reflect postdepositional degrada-
tion of organic matter or variable rate of transfer of marine primary
production from the photic zone to the bottom of the ocean.

In turbiditic sediments, TOC is variable, with values ranging
from <0.05 wt% (quantification level) to 1.2 wt% and broadly
covarying with the Al/Si ratio (Figure F22), a proxy for sediment
grain size and mineral composition, reflecting the preferential asso-
ciation of organic matter with clays that has previously been docu-
mented in both the modern Ganga-Brahmaputra river system and
in active channel-levee sediments in the Bay of Bengal deposited
over the past 18 ky (Galy et al., 2007, 2008a, 2008b). In line with our
observations at Site U1451, we note significant scatter around the
TOC-Al/Si relationship, especially for clay-rich sediments, which
tend to have relatively low TOC. Turbiditic sediments showing clear
signs of bioturbation systematically have low TOC for a given Al/Si
ratio (i.e., plot below the main linear trend in the TOC vs. Al/Si dia-
gram). This reveals either (1) terrestrial organic carbon degradation
under depositional conditions characterized by lower accumulation
rates (as revealed by the presence of bioturbation) or (2) admixture
of an organic carbon—poor hemipelagic component via bioturba-
tion. These two scenarios can only be tested through postexpedition
molecular and isotopic characterization.

ICP-AES results

Bulk-sediment major and trace element concentrations were de-
termined on 29 samples from Hole U1450A and 10 samples from
Hole U1450B by inductively coupled plasma—atomic emission spec-

Figure F22. Relationship between TOC content and Al/Si ratio of sediments,
Holes U1450A and U1450B.
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troscopy (ICP-AES) (Table T14) to a maximum depth of 794 CSE-A
in Hole U1450B. Bulk-sediment samples were processed without
any seawater or pore water component removal prior to analysis;
thus, Na concentrations may be affected by contribution from these
fluids. As in Hole U1449A, bulk-sediment major element composi-
tions largely reflect lithology. Fe/Si (mol/mol) versus Al/Si
(mol/mol) trends closely track those documented in Hole U1449A,
reflecting mineral sorting that dominates the characteristics of clas-
tic lithologies in the Bengal Fan (Figure F23) (Galy and France-La-
nord, 2001; Garzanti et al., 2011; Lupker et al., 2013). The range of
variation for Site U1450 turbiditic sediments (Al/Si = 0.16-0.47) is
only slightly different from that of the river material in Bangladesh
(Al/Si=0.11-0.45). Lower Al/Si ratios in river sediment correspond
to coarser bed sediments. On the other hand, the clay-rich end-
member in Hole U1450 appears to have a composition similar to the
most highly sorted surface water suspensions in rivers (Lupker et
al,, 2012). Four samples of clay and calcareous clay show clear en-
richment in iron compared to the main trend defined by other sam-
ples. This suggests the occurrence of Fe-rich clays (i.e., smectite; at
324 and 393 m CSF-A in Hole U1450A) and/or iron oxides. It also
suggests differences in the sources and/or weathering state of the
terrigenous input. Samples with relatively low K/Si, which fall off
the main K/Si versus Al/Si trend (not shown) for this data set, are all
calcareous clays (>18 wt% CaO). Trace element abundances at Site
U1450 show highly correlated trends, indicating sorting effects in
the heavy mineral fraction of clastic lithologies. For example, Zr and
Sc are strongly correlated, indicating that Sc abundances are mainly
controlled by zircon content (Figure F24). No systematic trends
with depth were observed in the bulk-sediment geochemistry,
which reflects primarily mineral sorting effects associated with tur-
bidite deposition.

Microbiology

A total of 23 whole-round core samples (21 from Hole U1450A
and 2 from Hole U1450B) were collected shipboard. These whole-
round samples were subsampled for various postexpedition micro-
biological investigations. A microbial cell counting method was ini-

Table T14. Major elements and selected trace element contents, Holes
U1450A and U1450B. Download table in .csv format.

Figure F23. Al/Si vs. Fe/Si, Site U1450 and Hole U1449A.
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Figure F24. Zr vs. Sc, showing geochemical effects of sorting within the
heavy mineral fraction, Site U1450.
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tiated shipboard, with further processing of the samples to be
performed following the expedition.

Physical properties

Physical property data were acquired from Site U1450 cores, in-
cluding density, magnetic susceptibility, P-wave velocity, natural
gamma radiation (NGR), and thermal conductivity (see Physical
properties in the Expedition 354 methods chapter [France-Lanord
et al., 2016a]). The data are mostly of good quality, but the results
from disturbed or partially filled sections are less reliable, as de-
scribed below.

The physical properties at Site U1450 principally reflect litho-
logic variations, with downcore compaction having a relatively mi-
nor effect. Using the principal lithologic name from the core
description to assign six lithologies (see Lithostratigraphy), we cal-
culated their average physical properties (Table T15). With a total
penetration depth of 819 m CSF-A and 319 m total core recovery
(39.6%), sand accounts for 131 m (41%), silt for 46 m (14%), clay for
72 m (22%), calcareous clay for 45 m (14%), claystone for 13 m (4%),
calcareous claystone for 6 m (2%), and limestone for 7 m, with addi-
tional thin ash layers. Measurements are described in detail below,
but in general, sands and silts have the highest density and P-wave
velocity, sands have the highest magnetic susceptibility, clays have
the highest NGR, and calcareous oozes have the lowest values in all
measurements. Some of the sand-rich intervals were difficult to re-
cover and were often fluidized, which sometimes resulted in incom-
pletely filled core liners; this resulted in anomalously low GRA
density, magnetic susceptibility, and NGR values. Cores that had in-
flow of core material (suck in) also likely have lower than expected
values in these physical properties.

Physical property measurements and
measurement intervals

High-resolution physical property measurements were made on
Hole U1450A cores to provide basic information on sediment com-
position and variability. Whole-Round Multisensor Logger
(WRMSL) measurements were made at 2.5 cm increments for den-
sity by gamma ray attenuation (GRA), magnetic susceptibility, and
compressional wave velocity by P-wave logger (PWL). NGR mea-

IODP Proceedings

33

Site U1450

surements were made at 10 cm increments, thermal conductivity at
one measurement per core, and caliper P-wave velocity at about one
or two measurements per section on different lithologies, where
possible. On split cores, point magnetic susceptibility and color re-
flectance were measured at 1 cm increments using the Section Half
Multisensor Logger (SHMSL). Additionally, we took discrete sam-
ples for moisture and density (MAD) measurements (one to three
samples per core, ideally representing coarse-, medium-, and fine-
grained intervals) to determine water content, wet bulk density, dry
bulk density, porosity, and grain density.

Whole-Round Multisensor Logger
measurements

Results from Hole U1450A WRMSL measurements are com-
piled in Figure F25. For the purposes of the figure, data from the top
and bottom 2 cm of each section were removed because they often
represent part sediment and part air and the volume contributing to
the measurement is unknown. Data that are unrealistic for the
cored formations, such as densities <1.05 g/cm?® and velocities
<1425 m/s or >5000 m/s, were also filtered out. All original data re-
main in the LIMS database.

Gamma ray attenuation bulk density

Wet bulk densities range from 1.62 to 1.97 g/cm?, depending on
lithology (Table T15). The lowest values are found in volcanic ash
and limestone. Clay and claystones show intermediate values. The
highest densities were documented for the coarsest (sandy) sedi-
ment. However, approximately 65 m of the core showed either flow-
in or suck-in of material, as described in Lithostratigraphy, and 45
m of this disturbed material was classified as homogenized sand
(which may have been cored in place or may have flowed in during
the core extraction process). Hence, these cores do not deliver good
data because they typically do not completely fill the liner cross sec-
tion and therefore likely lead to underestimated in situ values (Fig-
ure F25). MAD bulk density measurements improve compared to
the overall GRA data quality, as indicated by their higher average
sand density (1.99 vs. 1.76 g/cm? Table T15). Interestingly, the ex-
pected downcore increase in wet bulk density due to compaction
and loss of water depends on lithology, with calcareous and clayey
lithologies experiencing the most density increase with depth.

Magnetic susceptibility

Magnetic susceptibility is sensitive to the concentration and
type of magnetic minerals. Values range from 0 to 400 x 10~ SI,
with highest average values of 79 x 10-° SI in sand (Figure F25). The
data were helpful in identifying turbiditic and pelagic successions.
The lowest average values (<34 x 1075 SI) are observed for calcare-
ous clay, claystone, and limestone, which typically carry only minor
amounts of magnetic particles. Intermediate average values (55 x
1075 to 68 x 10~° SI) are typical for fine-grained detrital (muddy)
turbidites seen in the core (see Lithostratigraphy). The highest av-
erage values (79 x 107° SI) are documented for the sandy intervals
(Figure F25; Table T15). The strong contrasts in magnetic suscepti-
bility mean that the majority of lithologies can clearly be identified
based on these measurements.

P-wave velocity

P-wave velocities from the PWL range from 1426 to 1819 m/s,
with average values of 1593 m/s (Table T15). The lowest average
values were observed for calcareous clay in the upper half of the
hole. Intermediate values were measured for fine-grained silty tur-
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Table T15. Total sediment thickness, percentage of recovered material, and average physical properties with respect to lithology, Site U1450. Download

table in .csv format.

Calcareous  Volcanic Calcareous
Site U1450 (819 m total penetration) Sand Silt Clay clay ash Claystone claystone Limestone  Total

Total thickness, m 130.84 45.66 7249 44.62 0.36 12.58 539 6.94 318.88
Recovered material, % 41.03 14.32 22.73 13.99 0.1 3.95 1.69 2.18 39.60
Average GRA wet bulk density, g/cm?3 1.75 1.93 1.97 1.83 1.62 1.87 1.84 1.72

Average MAD wet bulk density, g/cm? 1.99 2.02 1.97 1.73 2.00 1.94 2.01

Average MAD grain density, g/cm? 278 2.80 2.82 277 2.84 2381 2.80

Average P-wave velocity (PWL), m/s 1611 1603 1603 1578 1603 1611 1625 1500

Average P-wave velocity (PWC), m/s 1665 1641 1616 1588 1660 1620 1617

Average magnetic susceptibility (WRMSL), 107 SI 80 55 68 28 68 30 34 14

Average magnetic susceptibility point (SHMSL), 10° SI 106 67 69 34 38 44 35 24

Average natural gamma radiation (NGR), counts/s 59 70 76 60 63 72 51 25

Average thermal conductivity, W/(m-K) 1.86 1.71 3.01 1.45 3.01 3.01 1.46

Average reflectance L* 40.27 39.37 43.02 42.64 39.12 35.55 4343 48.29

Average reflectance a* 1.21 1.30 1.07 1.30 0.95 1.55 1.03 0.27

Average reflectance b* -1.97 -2.78 -1.95 -2.35 -0.13 -3.38 -297 -3.94

bidites. High velocities occur in sandy sediment, although homoge-
nized sand prevented measurements quite often (Figure F25). Very
high average values occur in claystone and calcareous claystone.
These laboratory measurements likely underestimate the in situ val-
ues (see Discrete compressional wave velocity, below). However,
P-wave velocities were obtained continuously from most fine-
grained successions (muddy turbidites to pelagic clays).

Natural gamma radiation

NGR values vary from 13 to 135 counts/s, with average values of
65 counts/s (Table T15). NGR values vary significantly with sedi-
ment type, with the highest NGR counts for clays and claystones
(average = 72-76 counts/s), followed by muddy turbidites (average
= ~70 counts/s), intermediate counts for sandy sediment (average =
~59 counts/s), and significantly lower counts for pelagic and hemi-
pelagic strata (~25-50 counts/s) (Figure F25).

Thermal conductivity

Thermal conductivity varies between 0.33 and 3.1 W/(m-K) in
Hole U1450A, with average values of 1.43 W/(m-K) (Figure F26).
However, values lower than 1 W/(m-K) are not considered reliable.
There is a minor downcore trend toward increasing values, but vari-
ability primarily depends on the sediment facies, with clay and
claystone having the highest average thermal conductivities
(~3 W/[m-K]). The lowest values were detected in calcareous clay
and claystone (Table T15).

Point magnetic susceptibility

Point magnetic susceptibility measurements agree well with
WRMSL susceptibility results (Figure F25), with slightly higher av-
erage values of 85 x 10-° SI (Table T15). Point magnetic susceptibil-
ity measurements have higher variability because of the denser
measurement spacing (1 cm compared to 2.5 cm for WRMSL) and
the smaller integration volume of the sensor (1 cm; 10) compared to
the loop (8 cm; 10) on the WRMSL. Accordingly, point magnetic
susceptibility measurements detected a number of spikes on the
centimeter scale that are not reproduced by loop magnetic suscepti-
bility measurements. Average values are lowest in siliceous ooze
and limestone and highest in sandy deposits.
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Discrete compressional wave velocity

P-wave velocities measured with the P-wave caliper (PWC) vary
from 1588 to 1665 m/s, depending on lithology (Table T15). They
are in good overall agreement with WRMSL measurements, except
for sands and lithified material, where PWC values are higher (Fig-
ure F25; Table T15). Higher average values are indicative of better
determination of the P-wave velocity in homogenized sands. These
values still underestimate the in situ conditions of sandy layers, but
given the low compressibility of sands, they should not be too far
apart.

Moisture and density

Water content, porosity, and wet and dry bulk densities are in-
terdependent. Wet bulk densities determined with MAD proce-
dures have less extreme variations but more or less identical average
values compared to WRMSL measurements (Figure F25). Grain
densities calculated from MAD pycnometer measurements vary
from 2.67 to 2.84 g/cm3. The overall average value of 2.79 g/cm? is
higher than the grain density of quartz (2.64 g/cm3), which is the
major sediment-forming mineral in general (e.g., Whitmarsh, 1971)
and specifically for fine-grained and sandy turbidites from the Ben-
gal Fan (Weber et al., 2003) (Figure F26). The cause of this differ-
ence is not yet known, but it could be due to the presence of heavy
minerals, which are observed in relatively high proportion in smear
slides at this site. Alternatively, differences might be introduced
during volume detection by the pycnometer. We are investigating
these possibilities by comparing original samples to powdered sam-
ples to determine if the void has been entirely filled by helium. For
sandy samples, grain densities are indeed too high by ~0.06-0.08
g/cm®, which accounts for approximately half of the observed dis-
crepancy. However, for fine-grained, muddy samples one would ex-
pect an even more pronounced impact if voids were not entirely
penetrated. These samples, however, did not show a significant re-
duction of grain densities, implying that the results are inconclusive
at this stage.

Wet bulk densities determined on discrete samples vary from
1.3 to 2.14 g/cm? depending on lithology, with an average value of
1.93 g/cm?. Porosities range from 30% to 90%, with an average value
of ~50%. A few values over 90% occur in the uppermost 5 m of Hole
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Figure F25. Physical property measurements, Hole U1450A.
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U1450A (Figure F26), similar to high levels of water-saturated surfi-
cial sediments previously seen near the top of Site U1449.

Color reflectance

Sediment lightness (L*) varies from ~20 to ~65, with an average
value around 38 (Figure F27). Elevated L* values were found within
hemipelagic intervals (Table T15) containing higher amounts of
biogenic carbonate (see Geochemistry and microbiology). These
cores also contain some of the lowest L* values in dark green hori-
zons, with a large contrast in lightness between clay and calcareous
lithologies. Values <20 were excluded because they largely reflect
depths where the sensor did not receive a full reflectance signal (too
dark) because of cracks in the sediment or end cap positions. Values
higher than 65 were excluded because they mainly reflect end caps
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with a partial capture of the white Styrofoam put into the liner at
positions where material has been taken out.

Color component a* redness, varies from 0.1 to 4.8, with an av-
erage value of 1.14 (Figure F27). The lowest values are associated
with dark green intervals from pelagic sections. Muddy turbidites
and sandy layers have intermediate values of ~1 and only little vari-
ability. Color component b* shows its highest values (yellower col-
ors) in the uppermost 4 m of Hole U1450A. Below that interval,
higher values are usually associated with pelagic sections. Interme-
diate to lower values usually occur in sandy sections.

Core disturbances and data quality

Core disturbances are shown in Figure F4. They affect the qual-
ity and reliability of physical properties in various ways. Sandy inter-
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Figure F26. Moisture and density results, Hole UT1450A.
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vals in Hole U1450A that are homogenized no longer possess the
original sediment texture or fabric, especially those that were al-
lowed to settle vertically on the catwalk to remove some of the ex-
cess water (these core sections are characterized by a GRA density
gradient). When laid horizontally, there can be a gap between the
liner and the top of the sediment as the sand settles. Accordingly,
GRA densities measured by a vertical beam of gamma rays underes-
timate true values. PWL data are not less affected by this gap be-
cause it is measured horizontally across the core but are still
affected by the loss of water due to overpressure and expansion of
the liner. This is important because ~45% of the sections retrieved
from Hole U1450A consist of sandy sediment. Core disturbances in
muddy turbidites also affect the overall quality of GRA and PWL
data but only slightly underestimate average values. Color reflec-
tance data are not affected unless cracks occur in the sections.
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Data interpretation

As at Site U1449, physical property measurements obtained at
Site U1450 correlate well with lithology and composition. Coarse-
grained (sandy) sediments dominate the lithology at Site U1450.
These sections are usually associated with maxima in P-wave veloc-
ity, wet and dry bulk density, and magnetic susceptibility. The fine-
grained, muddy turbidites that dominate Site U1449 represent only
a minor fraction (5%—15%) at Site U1450 according to lithostratig-
raphy (see Lithostratigraphy).

This correlation of lithology and physical properties provides
proof for the principal concept that acoustic, physical, and optical
properties of unconsolidated sediments such as P-wave velocity,
wet and dry bulk density, porosity, water content, and sediment
color are closely related to sediment composition. Moreover, it indi-
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Figure F27. Color reflectance data, Hole U1450A.
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cates that the grain size distribution of Bengal Fan sediment can be
derived quantitatively from wet bulk densities and P-wave velocities
(e.g., Weber et al., 2003) during postexpedition work. This concept
should enable detailed calculation of sediment budgets of clay, sand,
and silt in combination with chrono- and seismostratigraphy.
Hemipelagic to pelagic sequences are intercalated throughout
Site U1450. These sequences exhibit two end-members: relatively
dark sediment rich in biogenic silica with low densities and veloci-
ties and brighter sediment with higher densities and velocities and
high biogenic carbonate contents (up to 60%; see Geochemistry
and microbiology). The same lithologic variability and correlation
trend among physical and optical properties has been observed for
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pelagic sediment from the eastern equatorial Pacific (e.g., Mayer,
1991; Weber, 1998) and therefore indicate that it should be possible
in postexpedition work to provide quantitative predictions for bio-
genic opal and carbonate contents from measurements of sediment
lightness (L*) and possibly from wet bulk density and P-wave veloc-
ity.

Based on physical properties, we were able to identify the Toba
Ash 1 (75.0 £ 0.9 ka according to Mark et al., 2014) in the uppermost
cores of Holes U1449A and U1450A (Figure F28). Physical proper-
ties are plotted at the same scale for both cores and show an exact
reproduction of the Toba Ash 1 by all sensors, lending confidence to
our ability to identify volcanic ash layers at all Expedition 354 sites.
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Figure F28. Physical property comparison of Toba Ash 1 (75.0 + 0.9 ka, according to Mark et al., 2014) in Sections 354-U1449A-1H and 354-U1450A-1H. Param-
eters are scaled equally for both sites and display on the same depth scale. Red = pixel-based red color component from the Section Half Imaging Logger

(SHIL). Note that all sensors depict volcanic ash in two distinct layers.
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Downhole measurements
Logging operations

The last core from Hole U1450B arrived on deck at 1715 h on 10
March 2015. Hole preparation for the logging program included a
sepiolite mud sweep, release of the RCB drill bit, and displacement
with 250 barrels of heavy mud (11.0 1b/gal; attapulgite weighted
with barite). The pipe was raised to a logging depth of 82.7 m DSF
(about 81 m wireline log depth below seafloor [WSF]). The heavy
mud aimed to prevent washout of the sand layers, which were ob-
served in cores to easily become fluidized. Rig-up for downhole log-
ging started at 2300 h on 10 March, and the modified triple combo
tool string was assembled. The wireline heave compensator was
used to reduce the effect of moderate vertical ship motion on the
wireline depth.

The modified triple combo tool string consisted of magnetic
susceptibility, NGR, and resistivity tools and was run in Hole
U1450B at 0115 h on 11 March. The density tool was also run in the
tool string for the caliper (borehole diameter) measurement, but it
was run without the source because of concerns about hole stability;
therefore, no density measurements were obtained. The bottom of
the tool string encountered an obstruction in the hole at about 130
m WSE, only about 50 m into the open hole below the pipe. The tool
string was raised and lowered a few times in an attempt to pass
through this obstruction, but then the formation started to close in
and overpull was required to pull the tool out. We decided to stop
logging in this hole because of the adverse hole conditions.

NGR, magnetic susceptibility, and resistivity data were acquired
for the short section of open hole. NGR measurements for the up-
permost 80 m of the hole, taken from within the BHA, could be cor-
rected for attenuation with a multiplication factor of 4.5. The
multiplication factor was chosen to minimize the jump between
downhole NGR measurements in open hole and in the pipe and to
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match the trends of NGR measured on core. The tool string re-
turned to the ship, and the logging equipment was rigged down by
0715 h on 11 March.

Log data quality

The main control on log data quality is the diameter of the bore-
hole, but there was no caliper measurement in Hole U1450B to
gauge hole diameter. The diameter of invasion from the resistivity
tool suggests that the hole was in reasonable condition in the very
short (17 m) interval where these data were taken.

The NGR downlog and uplog match each other well, both in the
open hole and in the BHA interval from 0 to 81 m WSF (Figure
F29). The logs also have features in common with the laboratory
NGR data from Hole U1450A, for example the transition from cal-
careous ooze (low NGR) to sand (higher NGR) at about 70-72 m
WSE. In the uppermost 20 m of the hole, the large difference be-
tween downhole log and laboratory NGR is probably caused by a
very wide borehole in this unconsolidated part of the hole, leading
to particularly low NGR log values. Susceptibility peaks (associated
with sand- and silt-rich lithologies) can be correlated between the
uplog, the downlog, and the core data. The offset between the uplog
and downlog is due to drift related to temperature, which is a
known issue for the downhole magnetic susceptibility sonde (MSS).
The interval of electrical resistivity data is very short, and there is
only a partial match between uplog and downlog.

A variable small depth offset (maximum = ~2 m) between core
and log data is due to a mix of uncertainty in logging depth, core
depth, and real lateral differences between strata in Holes U1450A
and U1450B (Figure F29).

Comparison of log with core data

From 20 to 110 m WSE, the NGR logs vary from 80 to 145 gAP],
with an average of about 100 gAPI. The excursions to higher values
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Figure F29. Downhole logs from Hole U1450B compared to equivalent laboratory physical property measurements and lithostratigraphy from Hole U1450A.
Downhole logs are on the logging depth scale (WSF), whereas MAD, PWC, lithology, and core recovery data are on the core depth scale (CSF-A). There are small

depths shifts between the two depth scales, usually <2 m in amplitude.
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occur in sands and likely reflect increased levels of potassium-bear-
ing minerals and heavy minerals, including those containing tho-
rium and uranium. The lack of excursions to low NGR values
suggests that there are few occurrences of calcareous clay in the 20
to 110 m WSF interval.

Downhole temperature and heat flow

Five APCT-3 downhole temperature measurements in Hole
U1450A range from 4.6°C at 86.3 m DSF to 13.5°C at 318.1 m DSF
(Table T16; Figures F30, F31A), and over the interval from the sea-
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bed to the lowest measurement the geothermal gradient is 38°C/km.
The measurement at 318.1 m DSF was the deepest piston core tem-
perature measurement made in scientific drilling (a deeper mea-
surement was made later during this expedition). The seafloor
temperature was 1.55°C, based on APCT-3 data taken while the unit
was held at the mudline for 5 min on each run of the tool. The tem-
perature equilibration curves of the shallower measurements are
less smooth than for the deeper measurements because of the diffi-
culty of keeping the APCT-3 from moving in the relatively uncon-
solidated shallow strata, which can provide additional frictional
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Table T16. Formation temperatures derived from APCT-3 measurements,
Hole U1450A. Download table in .csv format.

Quiality of tem-
Depth of APCT-3 Temperature perature deter-

Core measurement (°Q) mination
354-U1450A-

Seafloor 0 1.55 Good
17F 86.3 4.58 Good
23F 109.2 4.75 Poor
32F 156.6 7 Fair

36F 175.6 8.4 Good
66F 318.1 135 Good

Figure F30. APCT-3 temperature-time series with extrapolated formation
temperature estimates, Hole UT1450A.
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Figure F31. Heat flow calculations, Hole U1450A. A. Sediment temperatures.
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with calculated thermal resistance (solid line). C. Bullard plot of heat flow cal-
culated from a linear fit of the temperature data.
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heating and allow cooler fluids to flow to the APCT-3. Equilibration
calculations are performed on the smoothest part of the tempera-
ture equilibration curve.

Thermal conductivity under in situ conditions was estimated
from laboratory-determined thermal conductivity from Hole
U1450A using the method of Hyndman et al. (1974) (see Physical
properties in the Expedition 354 methods chapter [France-Lanord
et al,, 2016a]). Calculated in situ values are within 2% of measured
laboratory values. Thermal resistance was then calculated by inte-
grating the inverse of the in situ thermal conductivity over depth
(Figure F31B). A heat flow of 58 mW/m? was obtained from the lin-
ear fit between temperature and thermal resistance (Figure F31C)
(Pribnow et al., 2000). The small trend to shallower geothermal gra-
dient with depth is caused by the increasing thermal conductivity
with depth. There are very few heat flow determinations for the Bay
of Bengal (Hasterok et al., 2011), but the geothermal gradient and
heat flow values at Site U1450 are within the normal range for ocean
crust of the age at this location, 90-100 Ma (Miiller et al., 2008;
Hasterok et al., 2011).

Stratigraphic synthesis

The main objectives for Site U1450 were (1) to investigate the
shallow sedimentary section as part of the seven-site transect to de-
cipher the succession and Pleistocene evolution of fan deposition
and (2) to study the Neogene history of sediment delivery back to
Miocene times. Because this site is positioned in the middle be-
tween the 85°E and Ninetyeast Ridges, all sedimentary units back to
the Miocene are significantly thicker than those to the west or east
(Schwenk and Spiess, 2009). As a result, drilling at Site U1450 was
expected to provide a higher resolution record and a higher propor-
tion of sandy material. Based on seismic correlation to DSDP Site
218, an age of 8—10 Ma was predicted for the bottom of the planned
900 m penetration.

Within the shallow seismic section (Figure F32), characteristic
variations of reflector geometry and reflection amplitudes allow a
number of fan structural elements to be identified. These include
channels (C), levees (L), channel fills (F), interlevee sedimentary
units (IS), and hemipelagic units (orange arrows). Drilling was in-
tended to provide a better understanding of the lithologies associ-
ated to the seismic facies, their physical properties, and ultimately
the processes of sediment delivery and deposition.

Seismic, physical properties, and lithology

A comparison of the shallow seismic data with lithologies recov-
ered from Site U1450 clearly reveals a distinct relationship (Figure
F32). Hemipelagic units, for example, are mostly associated with
sharp reflectors of pronounced continuity and relatively high ampli-
tude (indicated by orange arrows), which can be traced over long
distances across the 8°N transect. Where thicker, these units are
characterized by low reflectivity. Interlevee sedimentary units re-
veal an increased reflectivity within thicker units, with undulating
reflector geometries, truncations, and terminations. These units
generally match well with sandy intervals, but accurate correlation
is limited because of many intervals drilled without coring or inter-
vals with low core recovery. Those intervals with more silt and mud
(e.g., around 5.2 s TWT) reveal an increased reflector coherency
and lower overall reflection amplitudes. Several erosive channels
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Figure F32. Seismic Line SO125-GeoB97-027, upper 350 ms TWT of cored interval, Site U1450. Seismically identified units/features: L = levee, IS = interlevee, C
= channel/fill, F = high-amplitude channel fill. For lithologic legend, see Figure F5 in the Expedition 354 methods chapter (France-Lanord et al., 2016a). For a

larger version of this figure, see STRATSYNTH in Supplementary material.
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are present in the vicinity of Site U1450. Levees associated with
these channels are distinguished by their medium reflectivity. These
levees are mostly associated with mud- or silt-rich intervals. A
channel fill of particularly high amplitude is found in the upper part
of the section. In this interval, core recovery was particularly low,
which may indicate relatively coarse sand.

Coarser materials were recovered fluidized, which indicates a
mostly unconsolidated state (see Physical properties). Seismic im-
pedance parameters, P-wave velocity and wet bulk density, were
therefore difficult to determine from cores in conditions resembling
those in situ. Although almost 46% of the recovered material was
classified as sand (see Lithostratigraphy), it will be difficult to de-
termine the true proportion of sand in the formation because of a
recovery bias, which is known to be severe for XCB and RCB coring.
The match between seismic data and the required P-wave velocities
to correlate to lithologic boundaries may help to further estimate
the relative proportion of sand and silt beds. Downhole logging, a
primary expedition objective, was unfortunately not possible, ex-
cept for a short 30 m section (see Downhole measurements), be-
cause of unstable hole conditions.

Average density and velocity physical property values from
whole-round core measurements do not distinguish well between
sand, silt, and clay. This is the case for all density and velocity mea-
surements, including density determined from GRA and MAD and
P-wave velocity from PWL and PWC measurements (Table T15).
Only calcareous clay has distinctly lower densities and velocities,
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which explains the association of certain seismic reflectors with
thicker hemipelagic units. However, magnetic susceptibility and
NGR data allow detection of predominantly sand- and clay-rich in-
tervals. It is therefore unclear at this time how the physical property
data may be best utilized to characterize the cored formation and
analyze turbiditic successions, and the data need to be carefully
evaluated.

Age-depth relationship

Calcareous nannofossils and planktonic foraminifers provide
biostratigraphic constraints for Site U1450. A total of 18 biomarkers
were identified at this site and were used to construct 4 foraminif-
eral and 11 nannofossil biozones extending back to the late Mio-
cene. A continuous sequence of sediments is found in Hole
U1450A, with no major hiatuses present. Holes U1450A and
U1450B overlap by ~80 m. Two nannofossil zonal boundaries were
identified within this interval, allowing correlation between the two
holes (Figure F33).

The LO of Reticulofenestra pseudoumbilicus in Hole U1450A is
found in Sample 115F-CC (542.19 m CSF-A), about 120 m higher
than the LO of R. pseudoumbilicus in Hole U1450B (Sample 7R-CC;
660.40 m CSF-A). The reason for this discrepancy may be related to
conditions at the top of Hole U1450B. The uppermost 608 m of
Hole U1452B was drilled without coring, Cores 2R-6R have a re-
covery of only 8%, and we cannot exclude contamination at this
stage. Although nannofossils were observed in Samples 2R-CC to
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Figure F33. Compilation of biostratigraphic and chronostratigraphic markers, Site U1450. Calcareous nannofossil and foraminiferal biozones follow Gradstein
et al. (2012; based on Martini, 1971, and Okada and Bukry, 1980) and Wade et al., (2011), respectively. Biomarkers are calculated as midpoints (Table T3). Diag-
onal line in biozones = overlap sequence between Holes U1450A and U1450B. Paleomagnetic reversals follow the chronostratigraphic scheme of Gradstein et
al. (2012); boundaries are the lower depth of the identified reversal (Table T10).
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6R-CC, they may not represent in situ sediments and may be de-
rived from fill material or cuttings. Core 7R (recovery = 42%), which
is inferred to be the first uncontaminated core recovered from Hole
U1450B, shows a clear absence of R. pseudoumbilicus, so the true
LO must be above this level.

The second biomarker identified in the overlapped interval, Dis-
coaster quinqueramus, is more robust. In Hole U1450A, the LO
midpoint of D. quinqueramus is 653.43 m CSF-A. This is similar to
its calculated midpoint from Hole U1450B (663.35 m CSF-A). This
zonal boundary (NN12/NN11) provides a strong tie point to cor-
relate Holes U1450A and U1450B.

The identification of magnetic reversals was restricted to the
calcareous clays and clay horizons from the upper 250 m. The hemi-
pelagic layer of lithologic Unit III (Core 354-U1450A-36F) recorded
the Jaramillo (0.988—1.072 Ma) and Cobb Mountain (1.173-1.185
Ma) Subchrons and the short period of the Matuyama Chron in be-
tween. Over this 197 ky interval, the sedimentation rate is approxi-
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mately 13 cm/ky (2.6 m of sediment). The Brunhes/Matuyama
boundary was not recovered at this site. This is probably linked to
the fact that the interval above Core 36F was drilled and not cored.

Figure F34 illustrates age assignments from biostratigraphy and
paleomagnetism from Holes U1450A and U1450B. Although pre-
liminary, these data confirm distinct changes between slow accu-
mulation in hemipelagic units and rapid fan deposition. Figure F35
gives similar information for the last 2 My.

Achievements

Lithologic and physical properties results confirm the expecta-
tion that Site U1450 would contain a high proportion of sand in the
recovered cores. The true proportion of sand may be even higher in
the formation. As at Site U1449, the match between these data sets
and seismic facies and horizons will allow assignment of broad lith-
ologic categories to the seismic units and thus extrapolation
throughout the seismic data set and between Expedition 354 sites.
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Figure F34. Age-depth plot, Site U1450. Interpreted lithology proposes the most probable lithologies in intervals of nonrecovery. Nannofossil and foraminiferal
biomarkers are plotted as midpoints; error bars = uncertainty in depth. For biomarkers: right arrow = first occurrence, left arrow = last occurrence (Table T3).
For magnetic reversals, see Table T10. Dashed lines = ash layers. Cross = youngest Toba ash (~75 ka). No age is assigned to the other ash layer. Black arrows =

selected accumulation rates.
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These data also allow identification of major depositional processes,
which can be integrated to reconstruct the stacking pattern and
evolution of fan deposition.

Because Site U1450 reaches back to 8 Ma at 812 m DSF, a pre-
cise seismic stratigraphy can be established postexpedition. Major
hemipelagic units provide age constraints (Figure F36), and thus ap-
proximate ages for distinct reflectors can be determined. These ages
will be used to estimate accumulation for various units within the
fan in time slices on the order of several hundred thousand to mil-
lions of years, one of the main expedition objectives. Site U1450 is
located in a key position between the two other deep penetration
sites (U1451 and U1455).
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Nannofossil rich Sand Silt

Recovering material with sufficient quality was a challenge
during Expedition 354, particularly at Site U1450, because of the
high proportion of sand. It was unexpected that the consolidation
state of sands apparently does not change much with depth. Al-
though loose sand was recovered by the APC system to refusal
depth (560 and 630 m DSF in Holes U1450A and U1450B, respec-
tively; see Operations), the XCB and RCB systems provided little or
no recovery of sand. The sand proportion is therefore likely under-
represented in cores from the deeper section of the site. Investigat-
ing the most representative samples for density measurement, the
MAD discrete samples, an overall downhole trend of porosity loss
was observed. Also, the scatter around the average is quite high,
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Figure F35. Age-depth plot for 0-2 Ma, Site U1450. Interpreted lithology proposes the most probable lithologies in intervals of nonrecovery. Nannofossil and
foraminiferal biomarkers are plotted as midpoints; error bars = uncertainty in depth. For biomarkers: right arrow = first occurrence, left arrow = last occurrence
(Table T3). For magnetic reversals, see Table T10. Dashed line and cross = youngest Toba ash (~75 ka) identified in Core 1H. Black arrows = selected accumula-

tion rates.
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which can be attributed to extreme contrasts between the coarse-
grained base of turbidites and their clay-rich tops. This in turn may
be the origin of high reflectivity. From lithologic observations (see
Lithostratigraphy) we infer that consolidation state is different for
different grain sizes. Clay shows a gradual transition to claystone
with depth, with increasing P-wave velocities and densities down-
hole. However, sand could not be recovered in any more consoli-
dated state within the entire 800 m cored section. Accordingly, the
large contrast in seismic impedance between sand- and clay-rich in-
tervals decreases with lithification and depth, as do reflection coef-
ficients and reflectivity. This agrees with the seismic data but is
difficult to see in Figure F36 because an automatic gain control
(AGC) has been applied to make deeper reflections visible.
Regarding the growth of the fan deposits, the upper Miocene to
lower Pliocene portion is characterized by relatively uniform accu-
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mulation, averaging 5-10 cm/ky (Figure F34). This average is con-
strained by a number of stratigraphic tie points, but deposition on
shorter timescales may still vary significantly. In the early Pliocene,
accumulation intensified, with a few exceptions in the hemipelagic
units, from which most biomarker horizons were extracted. Accom-
panied by a transition from more silt- to sand-dominated litholo-
gies, more rapid delivery of coarser material was still followed by
comparatively long periods of quiescence.

Average sedimentation rates during the late Pliocene and early
Pleistocene are in the range of 20 cm/ky but can vary by more than
one order of magnitude between calcareous clay units with little or
no detrital input on the one end (1-2 cm/ky) and the rapid build-up
of levees or sand/silt sheets on the other end. Late Pleistocene sedi-
mentation is, on average, fastest (~25 cm/ky), comprising a 25%
thicker unit of fan deposits after 0.8 Ma compared to Site U1449.
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Figure F36. Seismic Line SO125-GeoB97-027, upper 1.1 s TWT of seismic section, Site U1450. Lithologic column is adjusted to the seismic data by matching
most of the hemipelagic units with distinct reflectors. For lithologic legend, see Figure F5 in the Expedition 354 methods chapter (France-Lanord et al., 2016a).
Porosity values from MAD samples are plotted next to the seismic section to illustrate the weak compaction trend. Ages are derived from Figure F33, clearly
illustrating the variable sediment accumulation rates between different phases of fan deposition. For a larger version of this figure, see STRATSYNTH in Sup-
plementary material.
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